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Abstract
This thesis has tried to determine to what extent monetary estimates of ecosystem services and ecosystem
assets of the Dutch Continental Shelf can be implemented in the natural capital accounts. Natural capital
accounting aims to integrate the environment and economics by calculating the total stocks and flows of
natural resources and services in a given ecosystem or region. Three ecosystem services are modelled and
valued: the provision of wind, nature-related tourism and nature-related recreation. Using the guidelines
form the System of Environmental-Economic Accounting - Experimental Ecosystem Accounting (SEEA EEA),
different methods of monetary valuation have been applied to calculate monetary estimates. The resource
rent method and the avoided damage method have been applied to the provision of wind used in electricity
generation. The simple travel cost method has been applied to nature-related tourism and recreation. The
monetary value of modelled ecosystem services for the Netherlands was around €2280 million in 2015. To
transform the monetary ecosystem service values into ecosystem asset values, the Net Present Value (NPV)
method was adopted. The main advantage of natural capital accounting is that by changing biophysical data
into monetary units, aggregation becomes possible between the different ecosystem assets. This thesis
shows that integrating marine monetary estimates in standard national accounts is possible when exchange
values are used, excluding consumer surplus. The results are extended supply and use tables and integrated
balance sheets, that combine economic and environmental data and give a more comprehensive overview
of the Netherlands in an accounting framework. It helps to support the decision-making processes prior to
specific policies, and it is needed to further improve our understandings of the relationship between
ecosystems and human societies. The results show that natural capital accounting is feasible on a national
scale, but still has to overcome many challenges. National accounts have once been created in a time of
emerging challenges and have proven their strength and value over time. Current environmental issues face
the same urgency as national accounts did in their time and natural capital accounts should be improved
and institutionalized as a response to these new challenges.
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1. Introduction
Climate change, population growth, land use change and the alarming rate at which the natural
environment is degrading impose new challenges for which the exact extent of its implications remain
uncertain (Folkersen, 2018). It implies a threat for the biological diversity which underpins the functioning
of ecosystems and the provision of ecosystem services that are crucial for human life, health, well-being
and livelihoods (Christie et al., 2012). Ecosystem services are most commonly defined as “the benefits that
people obtain from ecosystems” (MEA, 2005). It is therefore important to consider nature and ecosystems
into decision-making processes, as they are interrelated with human economic activities (Guerry et al.,
2015). This realization started in the late 1960’s with an increasing interest in the valuation and analysis of
ecosystems corresponding ecosystem services and their benefits to humankind. The benefits that are
directly and indirectly experienced through natural and semi-natural ecosystems were underestimated in
the decision-making processes. This gave the scientific community an incentive to invest more time and
effort in research. It has provided researchers and policy makers with a range of techniques and accounting
frameworks for valuing specific ecosystems and their services (Hein et al., 2006).
Within these emerging ecosystem accounting frameworks, there are two ways in which ecosystems are
presented, in biophysical terms and in monetary terms. When compiled in biophysical terms, each
ecosystem service will have a different measurement unit and therefore a different interpretation. By
estimating the economic value of ecosystems, we provide society with a common, comparable unit to
assess trade‐offs (Morse-Jones, 2011). The monetary valuation of ecosystem services holds the potential to
raise awareness among the general public regarding the specific contribution that the natural environment
provides to human welfare (Costanza et al., 2014). It could also incentivize businesses to take measures in
order to protect ecosystems (Christie et al., 2012). Foremost, it helps to support the decision-making
processes prior to specific policies. Overall, it is needed to improve our understandings of the relationship
between ecosystems and human societies (Folkersen, 2018). Economic valuation has also received critique
regarding the practical use and the risks of misinterpretation. Similar to most economic models, it relies on
a set of assumptions, which challenge the realistic implications and make estimates diverge and hardly
robust. Additionally, it captures only a share of the value, often neglecting intrinsic and existence values
(Spangenberg and Settele, 2010). Nevertheless, these could be regarded as challenges that naturally arise
in new fields of study, which could be tackled by increasing our effort in developing and fine-tuning the
concepts and methodologies.
Some part of the economic value of ecosystems is already internalized in economic processes and national
accounts. There is, however, an invisible part of ecosystems that directly or indirectly contributes to human
well-being (CBS and WUR, 2019a). An extension to the System of National Accounts (SNA) aims to capture
this ‘invisible’ part in Natural Capital Accounts (NCA). Under the auspices of the United Nations (UN), the
System of Environmental Economic Accounting – Experimental Ecosystem Accounting (SEEA EEA) has been
developed to guide the implementation of ecosystem accounting (UN, 2014). This enables comparison of
the supply and use of ecosystem services and ecosystem assets with the production and consumption of
traditional goods and services of the national accounts. It further supports the use of ecosystem information
in standard economic modelling and productivity analysis. A large number of countries have started to
implement SEEA EEA accounts, including the Netherlands, the UK and Australia (CBS and WUR, 2019a).
The Netherlands has started a project to implement these SEEA ecosystem accounts. The project is carried
out by Statistics Netherlands (CBS) and Wageningen University and Research (WUR) and has been
commissioned by the Dutch Ministry of Agriculture, Nature and Food Quality (LNV). Until now, the accounts
have been created for 10 ecosystem services of the terrestrial part of the Netherlands, and a precursory
case study in the province of Limburg (Remme et al., 2015; CBS and WUR, 2019a). The marine domain of
the Dutch continental Shelf (DCA), which is also known as the Dutch part of the North Sea, was left out of
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the research scope. There are limited monetary estimates of ecosystem services and ecosystem assets
available in the world that focus on the marine domain in the context of the SEEA EEA. The most advanced
country is the United Kingdom (UK), which has made a courageous start to compile a set of marine
ecosystem accounts (ONS, 2018).
In the literature there are many knowledge gaps regarding the consequences of changes in marine
ecosystems to human well-being, which imply the need for policy responses and research, such as the costs
and benefits of degradation and conservation. The global rate of biodiversity loss is particularly critical to
marine and coastal ecosystems, because their goods and services are under increasing pressure. They can
be regarded as one of the most productive when we consider their effects on human well-being (MEA,
2005). It is therefore important for our understanding of the interrelations between natural capital and
human benefits and to support decision-making by including the marine domain in the natural capital
accounts.
The Common International Classification of Ecosystem Services (CICES), founded through the European
Environment Agency (EEA), published a list of ecosystem services. Their latest version (V5.1) expanded their
list of biotic (living) ecosystem services with abiotic (non-living) ecosystem services. The CICES table can be
found in Appendix F and G, it shows around 90 different classes of ecosystem services (Haines-Young and
Potschin, 2018). When assessing the relevance based on economic and policy considerations, the abiotic
ecosystem services division “Non-aqueous natural abiotic ecosystem outputs” and both the abiotic and
biotic divisions “Direct, in-situ and outdoor interactions with natural physical/living systems that depend
on presence in the environmental setting” are most relevant for the Netherlands. For the purpose of this
thesis these are translated to the provision of wind for energy generation and nature-related tourism and
recreation, respectively. Offshore wind farms play a major role in the energy transition and they contribute
to the goal of reaching a 27% share of renewable energy in 2030. It recently has received more momentum
as the government published roadmaps for offshore wind energy development for 2023 and 2030
(Algemene Rekenkamer, 2018). For the activities in coastal areas that are related to the North Sea, it shows
that tourism/recreation is among the most important economic activities (CBS, 2016). The Dutch landscape
is one of the most essential aspects for foreign and domestic tourists to visit the Netherlands and factors
that seem most appreciated are the coast and the sea (Breman et al., 2009).
This interdependence shows how the natural environment and economics are closely related and are often
a relevant part in policy making. The introduction of marine ecosystem accounts supports the development
of comparable measures of the relationship between the environment and the economy and
mainstreaming of the full range of ecosystem services and benefits in standard macro-economic accounts
and indicators. The Netherlands has a chance to guide other countries to create natural capital accounts. It
has the potential to support decision-making, facilitate a framework for international comparison and to
serve as an input for political debates, providing an instrument for the protection of the marine natural
environment on which our well-being so heavily depends. This thesis will try to assess the feasibility of the
valuation of marine ecosystem services and assets and to pave the way for further development of the
natural capital accounts of the Dutch continental shelf.
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2. Research Objective and Questions
2.1 Research objective
The aim of this study is to provide monetary estimates for three important ecosystem services of the Dutch
part of the North Sea, namely the provision of wind and nature-related tourism and nature-related
recreation. Following the recommendations and guidelines of the SEEA EEA handbook, different methods
are applied and compared to assess whether they provide valid results that are useful in natural capital
accounting (UN, 2014). In addition, the aggregation of the results and their integration in standard
accounting frameworks of the Netherlands is discussed.

2.2 Research questions
Resulting from the above objective, the main research question this thesis will address is:
To what extent can monetary estimates of ecosystem services and ecosystem assets of the Dutch
Continental Shelf be compiled and implemented in natural capital accounts?
In order to provide an answer for this main research question, a set of sub-questions has been created.
They are as follows:
1. What are the ecosystem services of the Dutch Continental Shelf that are relevant for the Dutch
economy and public policy?
2. Which methods of monetary valuation are applicable for the ecosystem services: the provision of
wind, nature-related tourism and nature-related recreation?
3. What is the ecosystem asset value of the provision of the provision of wind, nature-related tourism
and nature-related recreation?
4. To what extent is it possible to aggregate and integrate the monetary estimates into the Dutch
SNA?
The first question will demarcate the geographical boundaries of the DCS and provide an overview of the
ecosystem services of the marine domain and discusses their economic and public policy relevance. The
selection of the provision of wind and nature-related tourism and nature-related recreation is
substantiated. These three cases are the main inputs for the evaluation of the main research question. The
second question builds upon these and applies different monetary valuation methods to each with the
guidance of the SEEA EEA manual. The third sub-question will value the stocks of ecosystems, by using the
estimates from the previous question. The last question takes the results from sub-question 3 and intends
to discuss the concept of aggregation, which is crucial for integration of ecosystem services into the natural
capital accounts (supply and use tables and integrated balance sheets).
The structure of this thesis is as follows. Chapter 3 will provide a brief theoretical framework which focusses
on the SEEA framework. Chapter 4 explains the methodology. It starts off with a literature research to map
the current knowledge and academic research regarding ecosystem accounting and valuation. The
remainder of the chapter gives a detailed explanation of the applied valuation methods. Chapter 5 will
answer sub-question 1 and provides an overview of the ecosystem services of the DCS. Chapter 6 will give
the results for the ecosystem service the provision of wind by using the resource rent and the damage cost
method. Chapter 7 will give the results for nature-related tourism and recreation using expenditure
methods and travel costs. Chapter 8 follows up on these results and answers sub-question 3, the value of
the ecosystem asset. Chapter 9 discusses the aggregation and integration into the Dutch SNA and the
possible effects on GDP calculations and public policy. Chapter 10 will give overall conclusions of this thesis.
The last chapter entails a discussion of the results and gives recommendation for future research.
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3. Theoretical framework
The United Nations has provided a framework that supports the implementation of ecosystem accounting
in existing national accounting systems. It sets out a series of guidelines and valuation methods that can be
adopted for a wide range of ecosystem services and ecosystem assets. This chapter provides the reader
necessary background knowledge to understand the process of integrating the environment and ecosystem
natural capital accounts into standard systems of national accounts.

3.1 System of national accounts
Worldwide, the SNA forms the basis for national accounts statistics and is used to calculate macroeconomic
indicators in a consistent manner (CBS, 2019). It is a description of economic activity such as production,
consumption and assets. It shows the transactions between different economic agents such as households,
government agencies and businesses. These can be further specified into economic sectors (mining,
agriculture, industry and services) or institutional sectors (e.g. central government or financial sector).
There is a sequence of accounts that describe transactions. The current accounts (production, distribution
and use of income) report production and value added by economic activities and various notions of
income. This results in a set of main economic indicators such as the gross domestic product (GDP), net
national income (NNI) and savings. There are also accumulation accounts (capital, financial, other changes
in volume) which describe changes in assets by ownership transfers. The resulting net value of how these
change per year is captured in a set of balance sheets. Besides the general accounts, there are satellite
accounts which are designed for specific concepts that lie outside the scope of the SNA. Examples are
tourism and environmental accounts. The aim of this thesis lies foremost within the environmental satellite
accounts. To guide the development of these accounts, the SEEA was established by the UN. The SEEA
presents guidelines to integrate economics and the environment into a single system that delivers a
comprehensive understanding of their interconnections (UN, 2009).

3.2 SEEA EEA
The SEEA builds upon a Central Framework (CF), which is a framework that integrates economic and
environmental data to provide a more comprehensive and multipurpose view of the interrelationships
(Obst et al., 2013). In this framework, a share of the ecosystems is excluded as they are seen as nonproduced assets, they are not the outcome of production processes. This relates to most regulating and
cultural services (Edens and Hein, 2013). The SEEA CF follows a similar accounting structure as the SNA and
has multiple purposes. It generates a set of statistics, accounts and indicators which have many
applications. It can be adapted to countries' priorities and policy needs and at the same time provide a
common framework, concepts, terms and definitions (UN, 2019).
The SEEA EEA was developed to complement the SEEA CF in ecosystem accounting. The SEEA EEA is
reflected in a series of relationships between various stocks and flows which allow data on both natural
capital and economics, contained in the standard national economic accounts, to be integrated (Obst et al.,
2013). The SEEA CF looks at “individual environmental assets”, such as water resources, energy resources,
etc. and how those assets affect the environment and the economy. In contrast, the SEEA EEA takes the
perspective of ecosystems and considers how individual environmental assets interact as part of natural
processes within a given spatial area (UN, 2013). The SEEA EEA framework is presented in Figure 3.1 and it
shows the relationship between the biophysical and the monetary accounts. It has both the potential to
develop useful monetary estimates as biophysical accounts. The biophysical accounts are the foundation
that is required to translate ecosystem services into monetary values.
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Figure 3.1- General SEEA EEA accounting framework (UN, 2013).

5 main accounts can be distinguished in this overview.
1. Ecosystem extent account: This account serves as a common starting point for ecosystem
accounting. It organizes information on the extent of different ecosystem types within a
country in biophysical terms.
2. Ecosystem condition account: This account measures the overall quality of an ecosystem asset
and captures, in a set of key indicators, the state or functioning of the ecosystem in relation to
both its naturalness and its potential to supply ecosystem services. It is bounded by the
ecosystem capacity to generate a flow of ecosystem services for period of time.
3. Ecosystem services accounts: This set of ecosystem accounts measures the supply of
ecosystem services as well as their corresponding beneficiaries, classified by broad national
accounting categories or other groupings of economic units. The flow of services cannot
exceed the capacity of an asset to produce ecosystem services.
4. Monetary service account. Translates the ecosystem services (flows) physical account into
monetary values. It includes pricing the ecosystem services, including assumptions which are
case-specific.
5. Monetary asset account: This account records the beginning and the closing monetary value
of ecosystem assets (stocks) within an ecosystem accounting year, including additions and
reduction to the value of the stocks.
Besides the previous accounts, there are specific thematic accounts. This set of accounts, which cover land,
water, carbon and biodiversity, are standalone accounts on topics of their own right and are also of direct
relevance in the measurement of ecosystems and in assessing policy response. They are comparable with
the accounts in the SEEA CF. By constructing these accounts, all sorts of integrated accounts could be
developed, depending on the application of the data. For national accounts, balance sheets are more
relevant, whilst for policy-making, the integrated accounts could be more useful. The thematic accounts
are not directly relevant for this thesis, but their role in the framework should be known. Overall, this set
of ecosystem accounts reflects the complete coverage in accounting terms for all ecosystem assets and
ecosystem services for a given ecosystem accounting area in both physical and monetary terms (UN, 2013).
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3.2 Monetary Valuation
This thesis will focus on the monetary accounts of ecosystem services and assets, referring to step 4 and 5
of Figure 3.1. The biophysical accounts are not neglected, but the emphasis will be towards the monetary
valuation and accounts.
In general, accounting is the recording of different transactions between units. Standard national
accounting records transactions between households, businesses, government agencies and/or other
institutions. The largest share of these transactions is measured in monetary terms. When considering
ecosystem accounting, the transactions (flows) are ecosystem services and the units (ecosystem assets
towards economic beneficiaries). However, in the standard SNA, production excludes outputs that arise
from natural processes, those which do not involve any human or capital inputs. The SEEA EEA extends this
concept of production with the inclusion of natural processes. The aim remains to treat these natural
processes as much like the standard produced assets and goods and services as described in the SNA. This
is needed to integrate both economics and the environment in a single system (Obst, 2018).

Figure 3.2- logic chain linking ecosystem services, ecosystem assets, benefits and beneficiaries (UN, 2014).

The SEEA EEA provides the framework to perform monetary valuation. It is depicted in the logic chain of
Figure 3.2, which has the following elements: ecosystem assets, ecosystem services, and the associated
benefits/beneficiaries (UN, 2014).
Ecosystem assets can be seen as the stock of the ecosystems. An ecosystem asset is defined as “a distinct
contiguous spatial area covered by a specific ecosystem”. Examples are, forests, built-up areas and rivers
(CBS, 2019). Secondly, the ecosystem assets provide ecosystem services, the flows of ecosystems. In the
introduction they have already been defined as “the benefits that people obtain from ecosystems” (MEA,
2005). The focus within the SEEA EEA is on final goods (from ecosystem units to economic beneficiaries)
and services, therefore inputs (intermediate consumption between ecosystem units), human capital (labor)
and produced capital are excluded. Ecosystem can be broadly identified within three categories:
•
•

•

“Provisioning services which represent the material and energy contributions generated by, or in,
an ecosystem” (UN, 2014).
“Regulating services which result from the capacity of ecosystems to regulate climate, hydrologic
and biochemical cycles, Earth surface processes and a variety of biological processes. These
services often have an important spatial aspect.” (UN, 2014).
“Cultural services, which are generated from the physical settings, locations or situations that give
rise to intellectual and symbolic benefits obtained by people from ecosystems through recreation,
knowledge development, relaxation and spiritual reflection” (UN, 2014).
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There is a wide range of different ecosystem services. They are all outlined in an extensive overview, called
the CICES. It is an international classification system for ecosystem services, and it covers both the biotic
and abiotic services (see Appendix F and G). The inclusion of abiotic services favors the term “natural capital
accounts”, rather than the narrower scope of “ecosystem accounts” in which abiotic services are excluded.
The difference is somewhat indefinite, as there is no established definition on natural capital accounting,
but it does seem to be the term adopted by countries such as the UK and the Netherlands to describe the
accounts (ONS, 2017; CBS, 2019). Therefore, the term natural capital accounting will be used from this point
onwards to describe the accounting for both biotic and abiotic ecosystem services and assets.
Final goods in terms of ecosystem services provide economic benefits, which is defined as a (monetary)
gain or positive utility arising from an action. A distinction can be made between SNA and non-SNA benefits.
SNA benefits contribute directly to products and services. Their value is already (partially) included in the
current SNA framework. Non-SNA benefits do not generally require additional input of labor and produced
capital, for example clean air. Their value is therefore generally equal to the estimated value of the
ecosystem service (CBS and WUR, 2019b). Most of these are not included in the SNA and their addition to
the SNA could have an effect on the absolute GDP of a country.

3.3 Defining value
Before calculating the value of ecosystem assets and services, it is important to define value. The term value
is broadly interpretable and should be specified in a narrower sense. The monetary estimates should be in
line with the Dutch SNA. Therefore, they should capture the contribution of ecosystems to human
consumption and production at the final output levels. One model that is commonly used is the total
economic value (TEV) framework, which finds its origins in the field of microeconomics (CBS and WUR,
2019a). In the TEV framework, the value of a good or service encompasses four key components as shown
in figure 3.3.

Figure 3.3- Total Economic Value (TEV) framework (Grant et al., 2013)

•

•

•

Direct use values arising from the direct utilization of ecosystems. These can be used directly for
consumption such as harvested products (fish, crops) or non-consumptive (recreation) (UN, 2014;
Barton et al., 2019).
Indirect use value, stemming from the indirect utilization of ecosystems, in particular through the
positive externalities that ecosystems provide. They are inputs for other ecosystem services, for
example pollination and flood mitigation (UN, 2014; Barton et al., 2019).
Option value, even though individuals/firms are not currently using the resource, they might be
prepared to pay for the right to use the services of the resource at some later date (Freeman, 1993).
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•

Non-use values derived from attributes inherent in the ecosystem itself, consisting of existence and
bequest values. A bequest value signifies the importance of maintaining something for future
generations. Existence value is derived from the knowledge something exists (UN, 2014; Barton et
al., 2019).

The primary focus of the SEEA EEA is directed towards use values. These align with the SNA and represent
the value that is observed in the national economy as an input in production and consumption. Currently,
option and non-use values are excluded from the framework, because there is no consensus or support in
the SEEA EEA to integrate them (CBS and WUR, 2019a).

3.4 Value approaches
There are broadly two types of values that capture the benefits of ecosystem services, welfare values and
exchange values. Exchange values reflect the price of an ecosystem service and asset when they are
exchanged on the market, or would be exchanged between willing buyers and sellers, if a market would
exist. Welfare values are related to consumer surplus which captures the monetary gains obtained by
consumers, because they are able to purchase a product for a price that is less than the highest price that
they would be willing to pay. In principle, the SEEA EEA adopted exchange values, because they are in line
with the SNA and can therefore be integrated and compared (CBS and WUR, 2019a). Exchange values are
market prices. This does not mean that these prices are always observable, it does also include non-market
prices and imputed prices. A second important note is that the market prices which are observed do not
result from a standard market structure. They are the result of many different institutional arrangements
and regulations and are irrespective of the actual market mechanisms behind it. Besides the exchange
values, it could still be interesting to consider welfare values for relevant for policies and debates outside
the SNA (Obst, 2018). It remains a challenge to combine these two different kinds of values as they capture
different elements, therefore the SEEA EEA, and this thesis, focus on exchange values.

3.5 Summary
The SEEA EEA is the main framework to value and integrate ecosystem services and ecosystem assets in the
SNA. This thesis will focus on the monetary estimation. It is important to realize that these estimates do not
aim to capture all aspects of value, nor do the results present the ‘true’ value of nature. It tries to estimate
the economic value of the contribution of ecosystems to human benefits. Non-economic values and socalled ‘non-human’ benefits have been excluded. The framework is set up to capture values of final
ecosystem services, produced by ecosystems and used in production activities (e.g. crops, timber) or
consumption activities (e.g. avoided health damage of air filtration). This excludes intermediate products
that are inputs for other ecosystem services. The focus is on actual use of ecosystem services rather than
the capacity of ecosystems. This is consistent with the concept of actual transactions as recorded in the
SNA. Exchange values for ecosystem services, rather than so-called welfare values, are implemented to
smoothen the integration and alignment of both natural capital accounting and the existing SNA.
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4. Methodology
The SEEA EEA framework described above will be applied to the marine domain of the Netherlands. As
mentioned in the introduction, the ecosystem services that are focused on are the provision of wind for
electricity production and nature-related tourism and recreation. In chapter 5 the overview of all the
ecosystem services of the Dutch North Sea is presented, and a more detailed reasoning behind this
selection. This chapter starts off with a literature review to discuss the current situation in research and
policy making. It provides the reader with the necessary context that will help to understand the remainder
of this thesis. After the literature research, the valuation methods that will be used to estimate the
monetary value of the selected ecosystem services and ecosystem assets are explained.

4.1 Literature research
In the Netherlands, a study by Remme et al (2015) targeted the province of Limburg and selected a set of
ecosystem services. Their aim was to test the feasibility of valuing ecosystem services in an accounting
framework on a province level. Consistent with the SNA, they adopted an exchange value approach. It can
be regarded as the first attempt in the Netherlands to compose natural capital accounts. Overall, the results
were promising, nevertheless some points of improvement were found. The exchange values were
underestimated compared to welfare-based value approaches, excluding consumer surplus. Some
additional issues were found regarding to data availability on a local level, spatial disaggregation and
selection of discount rates. However, it is evident from the study that on a province level it is possible to
compose monetary estimates and the SEEA EEA approaches can be aligned with the Dutch SNA. This has
led to a series of pilot studies conducted in cooperation with the CBS and the WUR. A research project that
was finished in August 2019, selected 10 terrestrial ecosystem services in the Netherlands and published
physical and monetary estimates. The report was supported by the ministry of Economic Affairs, Agriculture
and Infrastructure and the Environment of the Netherlands. The ecosystem services were: crop production,
fodder production, timber production, air filtration, carbon sequestration in biomass, water filtration,
pollination, nature recreation and tourism, amenity services. The key message was that on a national scale
it is also possible to do monetary valuations. Key challenges were developing time series, applicability on a
local level and increasing the number of ecosystem services (CBS and WUR, 2019a). As a spinoff from the
project, the CBS and the WUR have been conducting a pilot study for the marine domain of the Netherlands.
They have developed physical extent and condition accounts for a selection of marine ecosystem services.
No monetary estimates have been done, but it is plausible to assume that the project will continue in the
near future (CBS, 2019).
Natural capital accounting is a new area for governments and just a handful of countries have started
researching and implementing it. The UK has made the most progress is setting up natural capital accounts.
They have published some reports on their website that capture a wide range of ecosystem services and
assets. Their main findings were that renewable energy is getting increasingly more important and that
tourism contributes for more than half of their total value from the natural capital accounts. Similar to the
Netherlands, they started with a selection based on environmental policy priorities, economic importance
and the availability of data. Some extensions regarding specific areas or accounts are available and they
have drafted a first report towards the marine domain, focusing mostly on the habitat regions. They
identified the main ecosystem services and gave some preliminary estimates using a range of methods.
Their conclusion is that the assessment provides substantive evidence that coastal margin habitats provide
socially important and economically valuable services (ONS, 2018).
On a broader level, there is the WAVES program, which is the Wealth Accounting and Valuation of
Ecosystem Services (WAVES). It is a global partnership, set up by World Bank in 2010. It supports countries
preparing to implement natural capital accounting. It started with a group of mainly high-income countries,
but it has expanded to middle- and lower-income countries as well such as Botswana, Colombia, Costa Rica,
Guatemala, Indonesia, Madagascar, the Philippines and Rwanda. They receive support and donations from,
among others, Australia, Canada, France, Japan, Norway, the United Kingdom. Most countries focus on
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specific accounts like water or carbon, but the aim is to take it beyond material resources and include
ecosystem services in the future. For this reason, a Policy and Technical Experts Committee, following the
processes set up by the UN Statistical Commission, was established to take this forward
(Wavespartnership.org, 2019). It shows the gradual movement towards the establishment of natural capital
accounts around the globe.
When discussing monetary valuation of ecosystem services and assets, it is important to point out the
ongoing debate about the relevance and need for such undertakings. It was developed to be an optimal
strategy to make nature visible to decision makers and financial markets, with the aim to promote
sustainable use of natural resources and their preservation. The development of the methods came handin-hand with critique. Vatn and Bromley (1994, p. 145) summarized this in the following way: “pricing is not
sufficient to ensure informed and coherent collective choices about environmental goods and services. […]
The collective choice problem about environmental goods and services is complex and problematical
precisely because it entails aspects of our social existence that defy reduction to the venerable fiction of
commodities”. Similarly, McCaugley (2006) is afraid that we neglect the intrinsic value of nature if economic
estimates are guiding in the conversation. He claims that “If we oversell the message that ecosystems are
important because they provide services, we will have effectively sold out on nature”. Economics would be
unable to account for services that do not directly benefit us or that actually harm us, which he calls
ecosystem disservices such as trees that take out water from watersheds, used to supply drinking water. It
is important to be aware of these critical notes while working on ecosystem services. The development of
natural capital accounts will continue and expand towards more countries in the future but will not be
undisputed on its way there.

4.2 Ecosystem services valuation methods
All of the above studies have applied different monetary valuation methods for ecosystem services to reach
estimates. The current set of valuation methods for ecosystem services that are supported by the SEEA EEA
are shown in table 4.1. As the research is focused on exchange values (chapter 3.5), stated preferences are
excluded from the research, but are shown here to represent the complete overview. There are no
international standards when it comes to matching a method to a specific ecosystem service. The SEEA EEA
is still experimental and therefore multiple methods could be applied and compared.
Table 4.1- Overview monetary valuation methods for ecosystem services (Based on UN, 2014)

Category
Direct market

Surrogate market
Imputed WTP

Stated WTP

Method
Market price/Resource
rent
Production function

Travel cost

Values how changes in quantity and quality of
ecosystems affects ES and ultimately the costs of
production of the final benefit.
Inferred to the cost of travel to a site.

Hedonic pricing

Value is based on value individual components.

Damage cost avoided

Value of an asset is equivalent to the value of the
economic activity or asset it protects.

Replacement cost

Cost based on the replacement of an asset.

Contingent valuation

Survey to ask sample group their WTP to enhance a good
or service.
Asking respondents to select their preferred package of
environmental attributes at different prices.
Values estimated in one context and location are used to
estimate values in similar context

Choice experiments
Transfer of values

Description
Market price stemming from normal production process.

Benefits transfer
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4.2.1 Resource Rent
When market transactions occur in relation to an environmental asset, the resource rent method should
be applied. This is the economic rent that accrues in relation to environmental assets, including natural
resources and ecosystems. This is shown in Figure 4.1. It is the value of the contribution of an ecosystem
service to production. This value is included in the price or rent, and it can be calculated by subtracting all
other inputs, leaving a residual or rent that represents the value of the ecosystem service. The resource
rent can be derived by deducting costs of labor, produced assets and intermediate inputs from the market
value of the outputs (benefits). The use of this approach is mostly applied to provisioning services, in
particular where there are limited or no possibilities for using land leases and prices as an indicator of the
price of ecosystem services (UN, 2014).

Figure 4.1- Resource rent calculations (van Rossum and Delahaye, 2010).

The monetary value of production is estimated by valuing the quantities produced against the price that
the producer would have received if these goods had been sold. This is, in general, calculated in basic prices,
therefore excluding taxes and subsidies. To get the value added, we subtract intermediate costs of
production, which includes all goods and services used in production processes. The next step is to deduct
the consumption of fixed capital, also known as depreciation of the stock of fixed assets. Lastly, we subtract
the return on produced assets and labor of self-employed persons. What remains is called the resource
rent. It is the output deducted with all the costs of production (van Rossum and Delahaye, 2010).
The resource rent method will be applied to the abiotic ecosystem service the provision of wind. Wind is
used to produce electricity from both onshore and offshore wind farms. As the focus is on the marine area,
the offshore wind farms will be the main output, but onshore is added to present the complete overview
for the Netherlands. Wind energy has been heavily subsidized over the recent years and the analysis is
extended with a resource rent calculation in which the government measures are considered. They were
excluded in the original resource rent calculation, because it was measured in basic prices. For these
calculations the social preferences are included, reflected in subsidies and tax advantages. As wind energy
is not cost competing in many occasions, it has relied on government support. This government support
can be seen as the value given from society towards having more sustainable sources of energy, being less
depended from imports and as an alternative from depleting domestic fossil fuels (van Rossum and
Delahaye, 2010). In short, this will be called the resource rent with ‘social preferences’.
The electricity market is suitable for the resource rent method, because all of the above-mentioned output
and cost components can be found in various data sources. For production statistics, Statline can be used,
which is the open data source of the CBS. The table Wind energy: electricity production, capacity and supply
of wind, 2002-2019, offers this data (CBS, 2019f). Furthermore, annual reports of the ECN publish data on
all kinds of costs such as investment, depreciation, maintenance and network costs (ECN, 2003, 2007, 2008,
2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018). Data on subsidies was obtained internally
through the CBS (CBS, n.d.). The results are presented in chapter 6.1.
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4.2.2 Damage cost.
Sometimes ecosystem services protect us from harm or pollution. We can think of flood protection or
carbon sequestration by biomass. This avoided damage, though labeled as imputed WTP, can also be
thought of as measuring benefits. When actual damages are experience, they are a cost, while avoided
damages can be considered a benefit. Typically, the marginal benefit of pollution abatement is viewed as
equivalent to the marginal damages from pollution. If the damage that is been avoided is estimated and
price this, it is possible to estimate the value of the ecosystem service. The challenge evolves not in
estimating the amount of pollution or emissions that are related to an ecosystem service, but in pricing
them (UN, 2017).
This method is especially applicable for the valuation of the provision of wind. By producing electricity from
wind energy, society potentially avoid the emissions of CO2 that would arise by traditional production from
fossil fuels. The physical data can be retrieved from Statline by the CBS in the table Renewable energy; final
use and avoided use of fossil energy (CBS, 2019d). This shows the avoided CO2 per renewable source of
electricity, also distinguishing between offshore and onshore. Pricing the emissions could give an estimation
that would reflect the value of wind from an avoided damage perspective. The trick is to choose the right
price for carbon, which is extensively debated in the literature. There are multiple options that can be
considered. The first is to use the social cost of carbon (SC-CO2 or SCC). Every few years, the United States
government calculates this price. It allows agencies to incorporate the social benefits of reducing carbon
dioxide (CO2) emissions into cost-benefit analyses of regulatory actions. The report gives the SSC for 3
different discount rates (2,5%, 3% and 5%). Current estimates are $75(2,5%), $50(3%) and $14(5%), in 2019
dollars per metric ton of CO2. This converts the price to €66,8, €44,52 and €12,5 for the using the average
yearly exchange rate, which is currently 1.12303 for 2019 (OFX, 2019).
A second option is more straightforward and observes the actual market price of carbon from the European
Trading System (ETS), which was around €25 in 2019. It is the world’s first carbon market and an attempt
from the EU to combat climate change. It is a 'cap and trade' principle. A cap is set on the total amount of
certain greenhouse gases that can be emitted by the system. The idea is that the cap is reduced over time
so that total emissions fall. Companies can either receive or buy permission to emit. The ETS price can be
seen as the market price for carbon in the EU (European Commission, 2019). The ETS does not cover all of
the emissions in the EU, but approximately 45% and comprises emissions from power plants and a range of
energy-intensive sectors (Eichner and Pethig, 2019).
The third option is the policy-oriented carbon price for the Netherlands. The Netherlands Environmental
Assessment agency (PBL) and the Netherlands Bureau for Policy analysis (CPB) did their own calculations to
produce an “efficient” carbon price for the Netherlands. The efficient price implies the introduction of
efficient policies to reach a certain scenario, which comes with the lowest social cost. This is done with
different scenarios, high-reduction, low-reduction and a two-degree temperature increase scenario. They
have used a discount rate of 3.5%, which is the average value used for Europe. An overview of the efficient
price in euros is presented in Table 4.2. The advantage here is that it is calculated specifically for the
Netherlands and it is, among others, applied by research agency CE Delft in their analyses (Aalbers et al.,
2016).
Table 4.2- Efficient price of carbon (based on Aalbers et al., 2016).

Euro/ton CO2
2015
2030
2050
High reduction
€48
€80
€160
Low reduction
€12
€20
€40
2 degrees temperature €60-€300
€100-€500
€200-1000
From the first broad analysis, it becomes evident that there is a wide range of CO2 prices, which will lead to
a wide range of monetary estimates in return. The choice between different prices might be arbitrary or
politically influenced, depending on the motives for applying them within the natural capital framework. In
chapter 6.3, all of the above options will be applied and compared.
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4.3 Travel Cost method
For some ecosystem services, directly observable values in the market are harder to find or distinguish. This
is the case for outdoor recreation and nature-related tourism. There is not a single market price that is paid
for these services. An alternative approach is non-market valuation, in particular the travel cost method
(TCM). It can be regarded as a proxy for the recreational value of an area which captures economic benefits
of recreational areas such as parks, forests and beaches (Georgiou and Turner, 2012). The recreationist
chooses a particular natural site and visit rate and experiences costs to travel from home to this particular
site. This gives the ability to value natural resources such as forests, lakes and seas for example, as there
are no market prices to estimate demand functions. The first mentioning of this method was by Harold
Hotelling in 1949 in a letter on national parks, where he suggested that the costs incurred by visitors could
be used to develop a measure of the recreation value of the sites visited. Later, empirical models were
developed that could be applied for research. It usually consists of detailed survey data that gathers
information on visitor information, demographics, incurred costs, motivations and frequency of visits (Das,
2013). The incurred costs are then used to estimate the value of a specific natural site. These costs are not
just the cost of travel, but could also include admission fees, accommodation costs, parking costs and/or
consumables. It can be seen as a proxy for their willingness to pay for recreational ecosystem services. By
using incurred costs, the value represents exchange values and is compatible with the SNA (CBS and WUR,
2019b). If one considers the quality and travel time, it is seen as welfare values (UN, 2014; ONS, 2014). In
this thesis the travel costs will be assessed in a narrow sense, focusing on exchange values. The costs made
are a proxy for visitors’ willingness to pay. The travel cost method usually aims to develop a demand curve
for a specific natural site. However, the assessment done in this thesis can be regarded as the simple travel
cost method, because it is applied on a national scale. The exchange values of incurred costs are used as a
measure of the value. It is not feasible to derive demand curves for all the recreational sites in the coastal
area. The simple travel cost method is consistent with the approach of natural capital accounts in both the
UK and previous studies for the Netherlands (CBS, 2019; ONS, 2019).
One important distinction will be made between nature-related recreation and tourism. Using the Eurostat
definition, a single-day visitor who does not spent a night, is a recreationist. A visitor who spends at least
one night, is a tourist. The practical implication is that a tourist has accommodation expenses and a singleday visitor does not. They will be analyzed as two separate ecosystem services. The following paragraphs
will describe the methodology in more detail.

4.3.1 Recreation
Recreation does not involve an accommodation, in contrast with tourism. It entails a single-day visitor who
does not spent a night. The physical amount of recreation is measured by the amount of recreational
activities. It is important to select activities that are closely related to the availability of nature in coastal
areas. NBTC-NIPO conducts large surveys to collect data on tourism and recreation. In their reports they
make the distinction between a single-day visitor and tourists. The report is called “Continu
Vrijetijdsonderzoek” (CVTO). The outcomes of this report were made available internally by the CBS to be
used in this thesis (NBTC-NIPO, 2016b). The research provides in-depth insight into the structure,
developments and trends in the leisure market. It excludes visitors who spent at least one night, which
makes it compatible with the distinction made for recreation. For an entire year, they do weekly
measurements with 375 people, which makes a total of 19494 persons a year. The available report is from
2015, which will be the base year of study. The sample is weighted by the CBS in order to give outcomes for
the entire Dutch population. The focus is on Dutch residents and it therefore slightly underestimates the
total amount of visitors. However, it can be assumed that the share of foreign visitors in recreation is small,
as it does not include visitors with an overnight stay.
To focus on recreation, a set of activities is selected that depends on the availability of natural surroundings.
For marine ecosystems, defining nature-related recreation and tourism is not straightforward. Some
activities clearly take place in the sea such as swimming and surfing. Others take place on the adjacent land
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area, such as hiking or recreation at the water. These activities in coastal areas are included, because they
are closely related to the marine environment. We could speak of an “extra-terrestrial” ecosystem type,
which will be named “coastal dunes and beaches”.
The three main categories of activities that are included are: watersports, outdoor recreation and sports.
Watersports consists of rowing, canoeing, surfing, sailing, boating and recreational fishing. Outdoor
recreation consists of cycling, recreational hiking, recreation at the water, touring with car, touring with
motor and recreation not at the water. Sports consist of jogging, mountain biking, horse riding, cycle racing
and hiking. These are the activities assumed to be closely related with availability of nature. The CVTO
reports the natural areas in which these activities take place. From the data it is possible to combine
activities from the natural areas “coastal dunes” and “on or at sea”. The categories “coastal dunes” and “on
or at sea” are based on participants interpretation and not on geographical data. It is assumed that their
interpretation matches the research area in this thesis. More on the geographical delimitation can be found
in chapter 5.2 and 6.1.
The amount of activities can be multiplied with the average costs of the activity. For each activity, data is
available for the incurred cost of admission, consumptions, travel, in-store purchases, other costs
(consumer durables). There is no consensus on which costs to include and which to exclude in the monetary
valuation. Therefore, three scopes are used to estimate the value of recreation, which provides a sensitivity
analysis for the results. The limited scope only includes travel and admission costs. The medium scope
includes travel, admission and other costs. The broad scope includes travel, admission, other costs,
consumptions and in-store purchases.
An important aspect of the travel cost method is the regional disaggregation. This thesis uses a top-down
approach and the travel costs for the coastal region can be further regionalized in provinces and recreation
areas. The survey does not explicitly report the exact location of each activity. It does show for every
province the amount of each activity. This results in a province-level distribution of travel costs for different
scopes for recreation in the ecosystem “coastal dunes and beaches”. Additional data from province specific
reports will be used, which are also published by NBTC-NIPO (NBTC-NIPO, 2017a; NBTC-NIPO, 2017b; NBTCNIPO, 2016b). The coastal zone provinces that are significant in recreation are Zeeland, Noord-Holland,
Zuid-Holland and Friesland. For Zeeland, Noord-Holland and Zuid-Holland there are reports that look at
visitors in natural areas. By looking at the distribution of visitors between all the natural areas, the travel
cost estimates can be further divided to specific recreational sites. An assumption is that the activities are
also evenly distributed between all the natural areas. In reality, one area could be used more for surfing
while the other is more suitable for hiking. This could slightly change the estimates per natural area.
However, it the best distribution key, given the available data.

4.3.2 Nature-related tourism
The approach is different for nature-related tourism. From the definition, tourism includes overnight stays
in an area which implies that tourists spend money on accommodation. The monetary valuation method is
similar, the simple travel cost method, where costs incurred by visitors could be used to develop a measure
of the monetary value of the sites visited. As with recreation, different scopes are applied in order to test
the sensitivity of the results. The limited scope only includes travel and admission costs. The medium scope
includes travel, admission, accommodation and other costs. The broad scope includes travel, admission,
accommodation, other costs, consumptions and in-store purchases.
The method uses data from the national accounts calculated by the CBS, which are the official overview
statistics of the national economy. It records the market transactions of different industries. It contains the
final expenditure for multi-day tourism per type of industry. This data makes it possible to select the
industries which would be relevant for nature-related tourism in the coastal zone. An overview of the
industries is presented in Appendix E. The discussed scopes are used to establish three different estimates,
similar to recreation. The data also separates between residents and non-residents.
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The last step is to regionalize the travel costs on municipality level. The distribution key is the amount of
overnight stays of tourists. It is assumed that the activities and expenses take place in the proximity of their
accommodation. The amount of overnight stays per municipality could not be obtained directly and is
therefore calculated. Every tourist pays a tourist tax to the municipality per overnight stay. Each
municipality has the freedom to select their own rate. The total revenue of the tourist taxes per municipality
is published on Statline in table: Municipal budgets; levies per municipality (CBS, 2020). Dividing the total
revenue per municipality by the fee per person per night, gives the total amount of nights booked. This is
the distribution key of the regionalization of the travel cost.

4.4 Ecosystem assets
Ecosystem services represent the flow of ecosystems, the ecosystem assets represent the stocks. Based on
the estimates of ecosystem services in monetary terms, the value of the underlying ecosystem assets can
also be estimated using the net present value (NPV) approach. When we value an asset in general, it should
reflect the value that it would receive if it was traded on an open market. This is in line with the current
SNA approach, where we value buildings, machines and other assets (Obst, 2018). A key difference of an
ecosystem asset, compared to a common asset, is that there are usually no clearly defined property rights
and ownership. Within the SEEA EEA, all ecosystems are included, regardless of ownership. (CBS and WUR,
2019b). With natural capital, there is often a lack of market information on the specific service. Even when
the product that an ecosystem service supports is traded, it is often difficult to disentangle the part of the
price that can be attributed to any of the ecosystem services, from the part that is determined by other
market factors.
Instead, the value of an ecosystem asset can be estimated by aggregating values of the future flows of
ecosystem services, using the NPV approach. The concept of the NPV approach aims to estimate the stream
of resource rents that are expected to be earned in the future. These are discounted back to the present
accounting period. This provides an estimate of the value of the asset at that point in time (UN, 2013).
Degradation would imply a loss of future flows of services. This could happen when the condition of an
asset declines, affecting the flows. The opposite could also hold if the condition of an asset increases over
time (Obst, 2018). The calculation requires information of future flows, discount rates and lifetime
expectancy of an asset (UN, 2013). The asset value 𝐾0 is calculated using the general NPV formula:
𝑑

𝑡
𝐾0 = ∑𝑇𝑡=1 (1+𝑟)
𝑡 .

(1)

It shows a flow of income 𝑑t in year t, a discount rate 𝑟, and an asset life 𝑇 in years. By making some
assumptions the formula can be simplified. If a constant stream of future of flows is assumed, i.e. 𝑑𝑡 = 𝑑,
and this life expectancy of the flow is assumed infinite, then the formula simplifies to:
𝐾0 =

𝑑
𝑟

.

(2)

The above formula is the case when there is perpetuity, or infinity. When there is a lifetime that is finite
and a constant stream of services, the formula looks as follows:

𝐾0 = ∑𝑇𝑡=0

𝑑
(1+𝑟)𝑡

= 𝑑/𝑎 .

(3)

For which the annuity factor 𝑎 is:
𝑎=

𝑟
(1−(1+𝑟)−𝑡 )

.

(4)

The present value annuity factor is used to calculate the present value of future cash flows. Time value of
money is the concept that a dollar received at a future date is worth less than if the same amount is received
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today. Present value can be invested towards future earnings or receive sooner utility (Financeformulas.net,
2020). This translates to the face that ecosystem services are valued over their limited lifetime, giving
slightly more value to streams now than in the far future.
For environmental assets it is hard to determine the exact lifespan, however, in general a long lifetime can
be expected, around 100 years, following the methods of the CBS (2019). Beyond 100 years, the outcomes
depend to a lesser extent on the precise time horizon, because the discounted values for years far into the
future become increasingly smaller (and ultimately converge to 0). For other ecosystem services is it
reasonable to assume that the lifetime is infinite (𝑇 → ∞). This makes the asset value simply equal to the
income flow divided by the discount rate (𝐾0 = 𝑑/𝑟), as 𝑎 converges to 1. In addition, the changes over time
in the asset values are the same as those for the associated services. For wind generation it seems
reasonable that the asset life is infinite as the supply of wind does not deplete over time, even though it
might vary.
Each ecosystem asset may provide a range of different ecosystem services, it is necessary to calculate asset
values for the different ecosystem service separately before aggregating to an overall value. This means
that we require information on the current uses of the ecosystem, the current services supplied and the
current condition of the ecosystem asset. It could be that more than one ecosystem service is provided by
an ecosystem asset. This issue is discussed in chapter 8.

4.5 Summary
Natural capital accounting has been gaining ground over the past few years and the UK and the Netherlands
seem to be frontrunners. It is still in an experimental phase, but the first estimates are already available for
a set of ecosystem services. For the marine domain this is even more limited and only case-specific valuation
has been done. For this thesis, the resource rent and the avoided damage method are adopted for the
provision of wind. For nature-related recreation and nature-related tourism, a simple travel cost method is
applied. Different data sources are combined to establish expenditure estimates for different scopes. For
all the ecosystem services, an attempt will be made to regionalize the monetary estimates. The flows can
be transformed into ecosystem assets by applying the NPV method. The three important considerations
are: the discount rate, lifetime expectancy and the constant flows assumption. An ecosystem asset can
deliver more than one service and the issue of aggregation of services into an asset should be considered.
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5. Ecosystem services of the Dutch Continental Shelf
5.1 Geographical boundaries
One of the first steps in natural capital accounting is to define the geographical boundaries of the research.
The focus for this thesis is the Dutch part of the North Sea, also known as the Dutch Continental Shelf (DCS)
or the Exclusive Economic Zone (EEZ). It ranges up to 200 nautical miles from a country’s normal baseline.
To further specify the geographical boundary, it should be noted that the Wadden Sea and the estuary of
the Westerschelde and the Oosterschelde are also included to the marine natural capital accounts. This can
be seen in Figure 5.1, in which also the ecosystem types are displayed. Inland water such as rivers and lakes
are excluded and belong to the terrestrial part.

5.2 Ecosystems of the Dutch Continental Shelf
Within the DCS it is possible to distinguish different types of ecosystems. Most ecosystem types generate
multiple services and some services are provided by multiple ecosystem types. It is therefore important to
map the different ecosystem types and define their boundaries. The difference between terrestrial and
marine ecosystem types is that those in the marine domain are not limited to the near surface, but can
extent throughout the water column and the underlying sediment. Following the SEEA EEA, a spatial
approach should be applied, meaning that the entire range of the water column and sediment is attributed
to a single ecosystem asset. This is reasonable, because it is a relatively shallow part of the sea. For areas
on the deeper oceans, it makes more sense to differentiate between different layers. Figure 5.1 shows the
geographical boundaries of the research area and the different ecosystem types as classified by the CBS
(2019).

Figure 5.1- Ecosystem type map of the DCS (CBS, 2019).
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The map indicates that there is a strict distinction between the marine domain and the terrestrial domain,
however, in practice this is not as straightforward as it might seem, especially regarding the nature-related
tourism and recreation. Many activities take place on both the sea, the beach and the dunes. Due to this
reason, an extraterrestrial ecosystem type “coastal dunes and beaches” is proposed. This issue will be
further explained in chapter 7. The map was based on the Natuurtypenkaart from Wageningen University,
but was adapted by the CBS to fit the scope of this thesis. The ecosystem types are based on water depth,
summer stratification of the water column, salinity, sediment type and protection status (CBS, 2019). They
can be grouped into 5 main categories as shown in table 5.1.
Table 5.1- Ecosystem classification of the DCS (based on table from CBS 2019).
Ecosystem Type
Water depth
Salinity
(meter)
Fine sand bottom 0-10
Shoreline Systems
High Salinity
Transitional Waters
Marine shelf:
shallow waters
Marine shelf: deep
waters without
stratification
Marine shelf: deep
waters with
stratification

Coarse sand
bottom
Schelden
Wadden
Fine sand bottom
Coarse sand
bottom
Fine sand bottom
Coarse sand
bottom
Muddy/ fine sand
bottom

Summer
stratification

Sediment Type

No

< 210 µm
> 210 µm

0-10

Salinity gradient

No

10-20

High Salinity

No

< 210 µm
> 210 µm

20-30

High Salinity

No

< 210 µm
> 210 µm

> 30

High Salinity

Fine sand/ coarse
san bottom
Coarse sand
bottom
Gravel bottom

Yes

> 15% and < 63
µm
210-420 µm
> 420 µm
> 50% and >
2mm

The approach that is applied in this thesis is a top-down approach. Therefore, the ecosystem services will
be analyzed and given monetary values. Secondly, ecosystem asset valuation is done with the NPV
approach, applied to separate ecosystem services. The last step is to separate the values over the different
ecosystem types, shown in Table 5.1.

5.3 Ecosystem services of the Dutch Continental Shelf
As mentioned in the introduction, this thesis will focus on the provision of wind for energy generation and
nature-related tourism and recreation. There are more ecosystem services provided by ecosystems in the
North Sea that could potentially be valued. However, to stay within the scope of a master thesis it is relevant
to focus on ecosystem services that are important to the Dutch economy, public policy and within data and
time boundaries. This part describes the considerations that were made in selecting the ecosystem services.
The CICES (Common International Classification of Ecosystem Services) provided the start, which is an
international classification system for ecosystem services. It covers both the biotic and abiotic services,
since the latest update (V5.1). The latter are interesting considering the marine domain, examples are
mineral extraction, wind energy and tourism. The CICES table can be found in Appendix F and G (HainesYoung and Potschin, 2018). The ecosystem services that have been considered are:
•
•
•
•
•
•

Sand and gravel extraction
The provision of wind
Fishing for food consumption
Coastal protection
Nature related tourism and recreation
Gas and oil extraction
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5.3.1 Sand and gravel extraction
Sand and gravel are used for land reclamation, coastal protection, maintaining shipping channels and
infrastructure projects. In 2017, the extraction of sand and gravel in the marine domain was around 16
million tons, which accounts for 20% of the total extraction in the Netherlands. Most of this consists of
sand, as gravel extraction barely takes place in the DCS. Sand and gravel extraction classify as an abiotic
provisioning service. In 2014, the gross value added (GVA) for sand and gravel extraction in the North Sea
was estimated to account for 54,5 million euros, which is a considerably small share of the GDP (CBS, 2016).
It has small economic importance, but it is relevant for the protection of our coastal areas and for
maintaining current shipping routes. The main problem was that there is insufficient data available on both
micro and macro level. Valuation would require information on cost/price components as well as spatial
allocation of dredging/mining sites. Mainly private companies operate in the sector and this information is
too aggregated to perform a market-based assessment and often the data is not published. More research
or data is needed to provide monetary estimates. Therefore, sand and gravel extraction are currently
excluded.

5.3.2 The provision of wind
In the SNA, fossil energy resources are recorded as non-produced assets on the national balance sheet. So
far, renewable natural energy resources are not stored as assets on the national balance sheet. This seems
to be a serious omission since their share in the total energy production is increasing. When only including
non-renewable energy sources, there is the risk to under valuate a countries’ energy resources. Wind is
provided to us by nature and each country has the potential to exploit wind within their borders. Also, from
a policy perspective, wind energy is highly relevant. It is a sector that has received substantial subsidies and
investments. Offshore wind farms play a major role in the energy transition and contribute to the
government goal to reach a 27% share of renewable energy in 2030 (Algemene Rekenkamer, 2018). Besides
the economic and policy relevance, there is a lot of data available. In the CICES classification, the generation
of electricity from wind is classified as “Non-mineral substances or ecosystem properties used for nutrition,
materials or energy”. For simplicity, the ecosystem service will be referred to as the provision of Wind,
which is a provisioning service (Haines-Young and Potschin, 2018). The results can be found in chapter 6.

5.3.3 Fishing
The commercial fishing sector in the Netherlands consists of cutter fisheries, large-scale high sea fisheries,
mussel farming and aquaculture. Mussel farming and aquaculture do not take place on the DSC. In 2018,
fisheries contributed around 400 million euros to the GDP, which translates to 0,05% (CBS, 2016). Fisheries
biomass delivers a number of ecosystem services such as food for consumption (provisioning), recreational
fisheries (cultural) and it influences the biomass of other fish populations (regulating). The most important
service is food for consumption, which is a biotic ecosystem service (CBS, 2019). For provisioning services,
the most applied valuation method is the resource rent, as explained in the previous chapter. The CBS has
calculated this for the commercial fisheries sector. The results are shown in Figure 5.2.

Figure 5.2- Resource Rent of Fisheries used for consumption (Excluding self-employment wages) (CBS, n.d.).
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The above resource rents do not include wages paid to self-employed/independent fisherman. These are
not available in the national accounts and are hardly ever reported. This would mean a serious omission as
the resource rent could be reduced extensively. Wages to employees account for around 70-85 million
euros per year. If an equal or greater amount would be kept as self-employed wage the resource rent can
become marginal or even negative. This means that the market currently does not value the provision of
fish for consumption. If a company invests in capital and labor, it could harvest fish without compensating
for the ecosystem service. Another issue would be to expand the analysis to the DCS. There is no specific
data on catch or costs that separates the marine fishing from the inland fishing. Furthermore, the data
accounts for fish landed in the Netherlands do not specify the location of the catch, they could be caught
outside the DCS. Also, fish caught in the DCS and landed in another country remains unrecorded. The spatial
data is not specific enough at his moment to allocate catch of different fish species to an ecosystem. Due
to lack of data and methodological problems, fisheries for consumption is not included in this thesis, but
would be an interesting and important ecosystem service for the future.

5.3.4 Coastal protection
The Netherlands is a low-lying coastal zone. Around a quarter of the country is below sea level and half of
the country is situated below less than one meter above mean sea level. 65% of the Netherlands is prone
to flooding (including river-flooding) (Hillen et al., 2010). In the case of flood damage, the critical role of
such ecosystems is attenuating and dissipating the wave surges caused by storms. For example, marshes,
mangroves, beaches and dunes, seagrass beds, and reefs are able to buffer shorelines from severe weather,
thus protecting population and economic activities. The process of monetary estimation is difficult as it
relies on specific spatial knowledge and assumptions on damage and risks. There is not enough data
available to do these calculations and assessments. Gathering this would take more than is reasonable
within the scope of 5 months. Both the physical as the monetary accounts require more in-depth
preliminary research at this moment.

5.3.5 Nature related tourism and recreation
For the activities on land (coastal zone) that are related to the North Sea, it seems that tourism and retail
are the most important in 2014 (CBS, 2016). In the CICES version 5.1, we find them within the cultural
services under the name “Characteristics of living systems that that enable activities promoting health,
recuperation or enjoyment through active or immersive interactions”, which is the class within the group
“Physical and experiential interactions with natural environment”. Another classification of ecosystem
services is done by The Economics of Ecosystems and Biodiversity (TEEB). It is classified under the cultural
services in the group “recreation, ecotourism, cultural heritage and educational services” (Elmqvist et al.,
2010). The MEA (2005) includes “recreation and ecotourism” in their list of cultural ecosystem services.
From these classifications, it is evident that there is no clear consensus whether recreation and tourism are
separate or part of one overall ecosystem service. There are critics that state that tourism is not even an
ecosystem service at all, but “an economic activity that produces and sells ecosystem goods and beneﬁts—
such as recreation or gastronomic activities—provided by ecosystem services.” (Pueyo-Ros, 2018). For this
thesis Nature-related tourism and recreation are cultural ecosystem services as mentioned by the TEEB and
in the MEA. There will be a distinction between recreation (single-day activities) and tourism (multiple day
activities away from home with at least one overnight stay at an accommodation).
Tourism in coastal areas can mostly be related to nature such as beach activities, water sports and visiting
UNESCO areas for relaxation such as the Wadden Sea. It is important to know the relationship between
economic profits from tourism and recreation and the presence of nature that facilitates this. Related to
the marine domain, we can estimate the value of natural capital in the coastal zone. Coastal areas could be
considered as the border between the marine domain and the terrestrial area. Due to the important link
with the North Sea, the coastal are is included in the valuation of marine ecosystem services. The ecosystem
type “coastal dunes and beaches” is proposed as an ‘extra-terrestrial ecosystem’ type, which links the
activities on the border of the terrestrial and the marine domain. The results are found in chapter 7.
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5.3.6 Gas and oil extraction
From the activities on sea it is clear that oil and gas extraction is economically the most relevant in 2014
(CBS, 2016). However, from an ecosystem services perspective, oil and gas extraction are excluded. Oil and
gas are extracted from deep subsoil and this does not belong to the marine ecosystem assets. Their natural
interaction with the ecosystems is also very limited. Veldhuizen et al. (2009) have estimated the value of oil
and gas reserves in the Netherlands for both the biophysical as the monetary accounts. If gas and oil
extraction would be added in the future, this research could be a steppingstone to create time series. Gas
and oil are already included in the national accounts. Creating natural capital accounts would be a
specification instead of an addition. The GDP would not be affected by either excluding or including oil and
gas reserves. Following the current definitions, oil and gas extraction is excluded from the natural capital
accounts.

5.4 Summary
The geographical focus for the thesis is the Dutch part of the North Sea, also known as the DCS or the EEZ,
which ranges up to 200 nautical miles from a country’s normal baseline. Also, the Wadden Sea and the
Oosterschelde and Westerschelde are included. There are many ecosystem types, services and assets in the
marine domain. This thesis will focus on three specific ecosystem services, namely the provision of wind,
nature-related tourism and nature-related recreation. They are relevant from a policy and economic
perspective and have sufficient data to construct estimates. For the latter, an extra-terrestrial ecosystem
type has been proposed, namely “coastal dunes and beaches”, which is dedicated to the marine domain in
this thesis.
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6. Monetary valuation of the provision of wind
To estimate the value of the provision of wind, both the resource rent and the avoided damage cost method
will be applied as described in chapter 4.3. It is important to note that the potential of wind generation is
not valuated, but the actual production of electricity generated from the provision of wind. This is in line
with the SNA, where we measure the actual market transactions and not the possible gains of a particular
market or resource. We only value those renewable energy resources that are inputs in the energy
transformation process. While it is also interesting to assess the potential and the required investments to
access a higher production, it is beyond the scope of this thesis. However, the Netherlands has planned to
increase investment and expand the current set of wind farms in the North Sea. This is shown in Figure 6.1.
There are 6 major sites for wind farms, some that are already in use and others are expected to be finished
in the coming decade. The dark-shaded areas represent existing wind farms, Gemini, Prinses Amalia park,
Egmond aan Zee and Luchterduinen. These are currently responsible for the production that is used as an
input for this assessment. The remaining areas are still under development or are being tendered in the
upcoming years. Per area, the expected capacity is also shown. Ijmuiden Ver is expected to have a capacity
of 4000 MW and will be tendered in 2023-2025. Hollandse Kust (zuid) and Borselle are being produced by
Vattenfall, Blauwwind, Two Towers and Ørsted.

Figure 6.1- Map of existing and future offshore wind farms in the DCS (Rijksoverheid, 2019)
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6.1 Resource Rent
The process of calculating the resource rent has been described in the methodology. The following
paragraphs present the most important results and intermediate steps. The main focus of the research is
towards the marine domain, however, to provide the complete overview, onshore wind generation has
been included. This makes the results more meaningful and the interpretation of the estimates can be seen
in a broader context.

6.1.1 Production
The first step is to determine the monetary value of annual production of electricity generated by wind
energy resources. Production data is available through the CBS (Statline) and presented as annual
production of electricity in Kilowatt-hours (kWh) per technology (offshore/onshore) (CBS, 2019).
Production can be valued at different prices, ranging from market prices obtained by the APX (Amsterdam
Power Exchange) to basic prices (excluding subsidies, taxes and trade and transport margins). In this thesis,
the basic prices will be used. Excluding government interventions, makes it easier to analyze the market in
a case where there would be no interference, therefore it is the market-based resource rent. It reflects the
pure return to the use of the asset in production without taking additional taxes and/or subsidies into
account (van Rossum and Delahaye, 2010). The basic prices of electricity are obtained from the ECN, and
available internally by the CBS (CBS, n.d.). We multiply the physical production in a given year 𝑋𝑡 in kWh
with the average basic prices of electricity of that same year 𝑃𝑡 .
𝑊𝑡 = 𝑋𝑡 ∗ 𝑃𝑡 .

`

(5)

The resulting monetary production value of electricity production in euros excluding subsidies Wt is shown
as a time series in Figure 6.2.
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Figure 6.2- Monetary production value for wind energy production in current prices, time series (based on own calculations).

The production in kWh has been steadily increasing for both onshore and offshore wind generation. The
monetary value is depended on the basic price of electricity, which makes the value in Figure 6.2 fluctuate
between the different years. Other reasons for value changes could include different weather conditions
or measurement/data errors. The total production value in 2018 was close to 500 million euro. The value
of offshore wind production has been growing over the recent years. The Netherlands has been investing
in new installations as seen in figure 6.1. The expectation from the PBL is that the physical production will
reach 33861 million kWh in 2023. Compared to the 10548 million kWh in 2018, it is a significant increase.
It is hard to predict the exact monetary value in the future as there are many uncertainties such as electricity
prices, geopolitics and technological change.
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6.1.2 Intermediate consumption
The next step is to subtracted intermediate costs from the monetary value of production to get the value
added. For producers, intermediate costs 𝐶𝑡 are operation and management costs (O&M) and costs for
profile and imbalances 𝑖𝑡 . O&M costs are composed of fixed costs 𝐹𝑡 and variable costs 𝑣𝑡 . It is shown in
formula 6.
𝐶𝑡 = 𝐹𝑡 + (𝑣𝑡 + 𝑖𝑡 ) ∗ 𝑋𝑡 .

(6)

These are published by the ECN in their annual reports (ECN, 2003, 2007, 2008, 2009, 2010, 2011, 2012,
2013, 2014, 2015, 2016, 2017, 2018). The variable costs consist of the ground costs and the costs for the
warranty and maintenance contracts for the turbines. The onshore fixed costs include costs for third-party
insurance, machine breakage insurance, standstill insurance, network maintenance costs, own
consumption, property tax, management and land and road maintenance. The offshore fixed costs are very
similar and include insurance costs, network maintenance costs, costs for own consumption, property tax,
costs for management and costs for maintenance of the remaining part of the installation (ECN, 2018). Fixed
costs are calculated over capacity while variable costs are calculated over actual production.
Balance costs are for the capacity that is necessary to continuously maintain the balance between supply
and demand. Profile costs are costs that are related to the fact that wind is produced at times when the
supply is relatively high, because there is a strong wind. Due to the oversupply, the electricity price will fall
at those times, so that the wind will have a lower electricity yield than the average electricity price
(Beurskens et al., 2017). The O&M and balance/profile costs are shown in Table 6.1.
Table 6.1- Intermediate costs for wind energy production (based on ECN, 2003, 2007, 2008, 2009, 2010, 2011, 2012, 2013,
2014, 2015, 2016, 2017, 2018).

The data on intermediate costs comes with some uncertainties and assumptions. The data for offshore
wind energy are not published every year in the ECN reports. The ECN reports show fixed O&M costs for
offshore wind energy only in two specific years (2013 and 2014). From 2006 to 2012, we assume the same
amount as 2013 (150 euro/KW), after 2014, we assume constant O&M costs such as in 2014 (100 euro/KW).
From 2012, the report dropped the category offshore and adopted a new category “Wind in Meer, Water”
(Wind in Lake, Water). There was no trend break and there is no reason to believe that these numbers are
incorrect, which might indicate just a name change. It includes wind farms more than 1 kilometer from
shore. This could be a slight underestimation as wind farms in lakes could also be included . Imbalance and
profile costs are internally available by the CBS (received from ECN) (CBS, n.d.). There is no distinction made
between onshore and offshore for imbalance and profile costs.
For onshore there is an overall cost decline. There is a clear trend break after 2011. This is due to the
methodology of the measurements. Ground costs were included in the fixed costs before 2012, they were
then changed to be included in variable costs. This is clearly visible from the table. For offshore, the trend
is harder to interpret, because of the lack of annual data as described in the previous paragraph. In the
variable costs, there is an overall declining trend. For the fixed costs a same trend is expected, but
unfortunately only to a limited extent available.
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6.1.3 Value added
Value added is defined as the production in monetary terms subtracted with the intermediate costs of
production. The total value added is very volatile over the years as can be seen in Figure 6.3. There is a
steep decrease in 2016 and 2017, which is explained by a rise in intermediate costs and a lower basic price
of electricity. The physical production increased, but the lower price and the increased costs for O&M and
P&I resulted in an overall decline. In 2018, it seems to be growing back to normal levels. In 2010, there was
a small production decline.
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Figure 6.3- Total Value Added wind energy production in current prices, time series (based on own calculations)

6.1.4 Capital Stock
In order to calculate the annual depreciation and capital services, we need to compile the capital stock. This
is done by analyzing annual investments in newly placed capacity (in MW) of windmills. This new capacity
can be multiplied with the investment costs per MW of that particular year. These costs include
expenditures on foundations, turbines, electric infrastructure, mains connection, construction interest,
land acquisition costs and civil engineering. The investment costs are different for offshore and onshore
windmills, in general they are higher for offshore wind farms. Data on newly installed capacity can be found
through the CBS (Statline), in the table Renewable electricity; production and capacity (CBS, 2019e).
Investments usually begin before the wind farm is ready for production, they are therefore spread over
multiple years. For onshore wind production, they are smoothed over two years. The total investment 𝐼𝑡 is
the sum of the newly placed capacity 𝑁𝑡 , spread over two years, multiplied with the cost of investment of
that particular year ℎ𝑡 . The investment costs per MW, ℎ𝑡 , differs per year and is published in the ECN studies
(ECN, 2003, 2007, 2008, 2009, 2010, 2011, 2012, 2013, 2014, 2015, 2016, 2017, 2018). So the formula looks
like:
𝐼𝑡 = ((𝑁𝑡 ∗ 0,5) + (𝑁𝑡+1 ∗ 0,5)) ∗ ℎ𝑡 .

(7)

For offshore wind production, investments are smoothed over 3 years. This information is obtained by the
CBS through a contact person at the RVO who works in the team Wind on Sea (RVO, n.d.). He suggested the
following ratio, 45% in the first year, 35% in the second year and 20% in the last year of construction. The
formula looks as follows:
𝐼𝑡 = ((𝑁𝑡 ∗ 0,45) + (𝑁𝑡+1 ∗ 0,35) + (𝑁𝑡+2 ∗ 0,2)) ∗ ℎ𝑡 .

(8)

The result of the smoothed investments can be seen in Figure 6.4. Investments have increased over the last
few years, mainly due to newly installed capacity in the North Sea. In periods that large offshore wind farms
were build, the investments peaked. Between 2005 and 2008, the Prinses Amaliawindpark and the
NoordZeeWind were build. In 2013, investments for Gemini and Luchterduinen started. In the next few
years, the investments in offshore wind farms will keep increasing as the government has announced large
projects, as seen in Figure 6.1, this is already visible for 2018.
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Figure 6.4- Investments in physical capital for wind energy in current prices, time series (based on own calculations)

With the information on investments it is possible to construct the fixed capital stock using the perpetual
inventory method. A linear depreciation time of 20 years for windmills is used (ECN, 2009). To convert the
investments to current prices, an indexation was done using the producer price index of machinery, which
comes closest to an index that can be used for investments in renewable energy technologies (CBS, 2018;
CBS, 2019). In Figure 6.5, the capital stock time series is shown. The overview of investments and perpetual
inventory method can be found in Appendix B and C, for offshore and onshore respectively.
8000

Million euro

7000
6000
5000
4000
3000
2000
1000
0
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Offshore

Onshore

Total

Figure 6.5- Capital stock of windmills in current prices, time series (based on own calculations)

With this information it is possible to calculate the return to capital and the depreciation that is necessary
for the resource rent calculations. Similar to consumption, the return to capital can be seen as part of the
value added. The sum of depreciation and the return to capital is known as the capital services rendered by
an asset (European Commission, 2009). Depreciation, 𝐷𝑡 , is the decline between the beginning and the
closing value at the end of an accounting period (year), minus the new investments of that year. This is a
result of physical deterioration and normal rates of obsolescence and accidental damages. As the
depreciation rate is 20 years, we take 1/20th share of the capital stock value 𝐾𝑡 of a specific year. The return
on capital, 𝑅𝑂𝐶𝑡 , can be measured using the Weighted Average Cost of Capital (WACC). The ECN publishes
the WACC for both onshore and offshore wind energy, which excludes depreciation. It usually varies
between 4% and 6%, with a decreasing trend. Instead of the nominal rate, we want to use the real rate
𝑟𝑊𝐴𝐶𝐶𝑡 , so it is corrected with the GDP deflator. The GDP deflator is the ratio of GDP in current local
currency to GDP in constant local currency, thus correcting for price changes (World Bank,2019). Following
from this the formulas are as follows:
𝐷𝑡 = 𝐾𝑡 − 𝐾𝑡−1 − 𝐼𝑡 .

(9)
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𝑅𝑂𝐶𝑡 = 𝑟𝑊𝐴𝐶𝐶𝑡 ∗ 𝐾𝑡 .

(10)

6.1.5 Resource Rent
The resource rent can be calculated by subtracting the cost of capital from the value added. The result is
shown in Figure 6.6. It is noticeable that the resource rents are negative for all the years of the time series.
As a negative resource rent is not realistic, the value can be interpreted as zero. This has a few implications.
The first is that production of electricity by wind energy sources is not economically viable without
government support. We have used basic prices excluding subsidies and taxes in this analysis to observe
the market. It seems irrational to produce electricity from wind energy sources, both onshore as offshore.
This would disincentivize producers to invest and engage in such a market.
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Figure 6.6- Market-Based Resource Rent wind energy production in current prices, time series (based on won calculations).

However, from the production and newly installed capacity we know that the market is growing. This is
because the market has received significant amounts of subsidies over the past years. Furthermore, we
have not accounted for the value of environmental mitigation (less CO2 emissions) and less dependencies
from other countries in this analysis. These externalities are not valued by private market parties, even
though they have social benefits. The production of grey electricity comes with additional externalities
compared to renewable energy, mostly in CO2 emissions. As a society we value the “greener” alternatives
as they are less harmful for the environment. These externalities can be corrected for by government
measures such as taxes and subsidies. Adding these to the market leads to a new equilibrium in which we
observe different prices. In the SNA, positive or negative externalities are not included. The value for grey
electricity is equal to the value of renewable energy, keeping the rest constant (same costs). The SEEA has
a broader scope and is able to value the means to produce less externalities. When including subsidies,
green electricity is valued higher over grey electricity. As a result, society as a whole values green electricity
over grey electricity. The government has the power to redistribute income and shift preferences. We
should therefore see the subsidies as different preferences of society. This should be reflected in the
valuation of the necessary capital input. We can add the subsidies in the resource rent calculations. The
price for electricity will be higher and therefore the monetary value increases. The inclusion of subsidies in
the resource rent method and the effects on the estimates is discussed in the next part.
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6.1.6 Resource rent social preferences
Until now, the calculations have excluded subsidies and government support to reflect the pure return on
the environmental assets. In reality, wind energy is heavily subsidized and excluding it would not reflect the
true resource rent as observed in the market. As wind energy is not cost competing in many occasions, it
has relied on government support. This government support can be interpreted as social preferences
towards having sustainable sources of energy, being less depended from energy imports and as an
alternative from depleting domestic fossil fuels. This paragraph will include subsidies and tax advantages
and bring the assessment closer to real business conditions and true profits for the entrepreneurs. This part
will start with an overview of the relevant government support mechanisms for renewable energy.
For renewable energy there are different subsidy schemes to support investment and production of
sustainable sources. One of the earliest government support systems was the MEP (Milieukwaliteit
elektricteitsproductie). Between 2003 and 2006, producers could request this subsidy for specific projects.
Once granted, the subsidy term lasted 10 years. It is a fixed price premium on top of the wholesale electricity
price (RVO, 2019b). The subsidy scheme closed in 2006, mainly due to the high costs. After the MEP, the
government wanted a succession and the SDE (Stimulering Duurzame Energieproductie) was formed in
2008. The main difference between the MEP and the SDE was that the SDE did not solely focus on electricity,
but also on renewable heat and green gas, coupled to electricity production. The amount of subsidy was
also coupled with the market prices. The smaller the difference between the price of conventional and
renewable energy, the smaller the subsidy amount (van Rossum and Delahaye, 2010). To tackle the risk of
high costs, a maximum annual budget was established. The general aim of the scheme was to bring the
income to a commercially viable level. Once granted, the subsidy lasts for 15 years. A downside to the SDE
is that the regulations change every year, responding to the market conditions, creating uncertainty for
entrepreneurs and investors. A final change was made in the SDE and from 2011 it received the name SDE+.
Two changes were made compared to the original SDE scheme. They abolished the flat rate per technology
and instead created more competition between different technologies. The subsidy is now directed at the
most cost-effective technology. The second change is that renewable heat generation is not coupled to
electricity production and projects can now also only focus on renewable heat and still receive subsidies
(RVO, 2019c).
Besides subsidies there are benefits obtained from investing in renewable energy. The most important one
is the EIA (energie investeringsaftrek). It is not a subsidy, but a fiscal settlement that gives tax benefits to
businesses (RVO,2019a). A part of the investment could be deducted from tax payment, which leads to an
average of 10% financial profit of the investment expenditures. This percentage is multiplied with the
attributed EIA investments to determine the financial profit in a year. Detailed data comes from the RVO
and was internally available at the CBS. They have an annual report which publishes the investment amount
for windmills. 10% of this amount is assumed to be their net tax benefit. As the investment costs in capital
are generally spread, the subsidies are divided over the life span of the asset (20 year for a windmill). This
tackles another issue. The data provides the year that the IEA was granted, but not when the actual
investment took place. The smoothening of the EIA benefits solves this problem, because the actual year
of investment becomes less significant in the calculations.
All of the above subsidies and tax advantages are added on the monetary production value of wind
electricity generated by wind energy. It is done separately for offshore and onshore. This is shown in Figure
6.7. This raises the production value with a significant amount. Comparing to the values in Figure 6.2, the
production value more than doubles in most years. Around 50% – 55% of the monetary production value
can be assigned to government support.
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Figure 6.7- Monetary production value for wind energy production in current prices (including subsidies), time series (based
on own calculations).

The process of calculating the resource rent is the same with or without government support. The
intermediate costs and capital services from the previous analysis are again subtracted to reach the
resource rent. The result can be seen in Figure 6.8.
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Figure 6.8- Resource Rent including subsidies wind energy production in current prices, time series (based on own
calculations).

The resource rent for onshore production is positive, this is mainly due to the high amount of SDE+ subsidies
that are given to wind farms. It seems that the generation of wind energy is still relying on government
support between 2004 and 2018. The heavy investments in offshore wind energy in 2014 and 2015 cause
the capital services to increase substantially and press the resource rent down in the following years. Even
though the investments are smoothed over three years, it might take years before profits are retrieved in
the market. The intermediate costs remain higher for offshore production, despite the cost reductions
made so far. It remains a newer market compared to onshore wind production. Offshore wind energy
requires a large-scale grid connection from land to wind farm and additional costs in O&M.
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6.1.7 Future developments
It is hard to predict how the resource rent from the provision of wind will develop over time. There are
many variables that lead to a final outcome that is used for natural capital accounting. For some of these
variables it is possible to make an educated guess, supported by literature and data. This paragraph will
discuss a few trends and expectations for the future of offshore wind energy in the Netherlands.
Regarding the production, we know that it will increase over the coming years as new wind farms are being
build. Figure 6.1 gives an overview of the increase in capacity and the tender years. Besides the capacity,
the value of production is depended from weather conditions and the electricity prices. For the physical
capacity, PBL has made some forecasts shown in Figure 6.9. From 2020, it is expected that the production
will increase significantly with the opening of Borsele wind parks, followed by Hollandse Kust (Zuid) in 20212023, Hollandse Kust (Noord) in 2023, Hollandse Kust (West) in 2024, Waddeneiland Noord in 2026 and
Ijmuiden-ver in 2027. From this figure it becomes evident that the development is currently at its very
beginning. Therefore, the resource rents for offshore wind energy tends to be low, or even negative. Based
on just the production, it can be expected that this will change, similarly as it did with onshore wind energy
production when the development was in its early stages.
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Figure 6.9- Installed offshore capacity in MW, time series (based on own calculations).

The most important cost component of offshore wind energy is the investment costs, which are all costs
incurred to wind turbines and to place in the sea plus costs for the loan required for the construction of the
park. Data from the ECN and De Algemene Rekenkamer was used to make a time series of the investment
costs in offshore wind energy. This is shown in table 6.10, which shows a declining trend (De Algemene
Rekenkamer, 2018).
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Figure 6.10- investment costs offshore wind energy, time series (based on De Algemene Rekenkamer, 2018; CBS data
internally received from ECN).
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According to the Topconsortium voor Kennis en Innovatie (TKI) (2015), the most important reasons for
these cost reductions are; technological advancements (e.g. bigger wind turbines, design, increased lifetime
etc.) , market factors (e.g. cooperation, competition for resources, learning curves etc.) and financial factors
(e.g. lower demands for equity, interest rates etc.).
Another important trend in the development of offshore wind farms is that a large share is being build
further from the shoreline. Offshore wind energy requires a large-scale grid connection from land to wind
farm and this implies additional costs. Table 6.11 shows the wind farms that are being built in the DCS and
their current costs. The data comes from the ECN (2015; 2017) which calculated the different costs per wind
farm. They are based on market conditions of 2015 and could therefore change as we get closer to the
tender years. It does provide us with an idea on the relative difference and the relation of distance and
costs.
Table 6.2- Overview cost components offshore wind farms the Netherlands (based on ECN, 2015; 2017).
Distance

km

Lifetime

Years

CAPEX

kW

OPEX

kW*a

Grid connection

kW

Total costs

Mln euro/kW

Borsele

Hollandse Kust (Zuid)

Hollandse Kust (noord/west)

Ijmuiden-ver

Boven de wadden

22.2

18,5 - 22

13-23

53

85

20

20

20

20

20

€2250

€2200

€2300

€2300

€2350

€62

€58

€59

€66

€66

€750

€450

€500

€900

€900

€4240

€3810

€3980

€4520

€4570

In the costs, the capital expenses (CAPEX), operational expenses (OPEX) and the costs of grid connection
are included. It is noticeable that Borsele is slightly more expensive than Hollandse Kust Zuid and Hollande
Kust Noord/West. This is partly due to the close location of the Belgian wind farms, which lead to around
4% less electricity production because they capture wind and also the water depth and sailing distances are
less favorable (ECN, 2015). Besides Borsele, there is an increasing cost trend with distance. It implies higher
cost for cables, construction and maintenance as not only the distance increases, but also the water depth.
The above-mentioned developments depict currently the most visible trends in a broad sense. There are
many more future challenges and cost reduction opportunities that could affect the profitability of the
sector. External factors that play a role on the background are difficult to predict such as the price of
resources and the interest rates. Furthermore, as the energy mix becomes increasingly diverse and
sustainable, integration costs will rise related to electricity storage and profile and balance costs of volatile
electricity generation. At the same time, technological advancement both in the offshore wind turbines as
in other sectors is crucial to reach a higher efficiency. The introduction of new energy concepts and systems
such as hydraulic wind turbines, airborne wind turbines and the offshore production of hydrogen are
promising alternatives in the future (PBL, 2017). Lastly, the increasing activities on the Dutch part of the
North Sea are creating conflicts between different uses of space. The sea becomes more crowded with wind
turbines, shipping routes, protected natural areas and recreational activities. There are currently no prices
for the use of space, in contrast with land. The more we build or reserve for nature or shipping, the more
trade-offs need to be made. Natural capital accounting could support policy-making by mapping the value
of these different uses. It could provide an indication of how society values one use over another and how
these values change with the increasing scarcity of space. The scarcity and value of space on sea could be
an entire research topic on its own and is not further elaborated on in this thesis, but merely an interesting
factor to consider, now and in the future.
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6.2 Avoided damage cost
Another way of valuing renewable energy resources is by calculating the damage costs in a counterfactual
situation. We assume that the electricity produced by wind energy resources would otherwise be produced
by fossil fuels in the Netherlands. Data on avoided emissions is available on Statline in the table: Renewable
energy; final use and avoided use of fossil energy, which shows physical quantities of avoided CO2 emissions
per renewable technology (CBS, 2019d). As described in the methodology, there are many prices of CO2
that we could apply to estimate the monetary values. The analysis in this thesis will be based on the ETS
price of carbon, the social cost of carbon and the efficient price of carbon. This chapter presents an overview
of the results and discusses the usability of each of them in natural capital accounting. The main result is
shown in figure 6.11.
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Figure 6.11- The value of the provision of wind with the damage cost method, time series in current prices (based on own
calculations with data from CBS, 2019; Finanzen.nl, 2019; EPA, 2013; Aalbers et al., 2016).

The first carbon price is the ETS price that is established through market mechanisms. The idea of the EU
ETS system is that it works on the 'cap and trade' principle. An initial cap is set on the total amount of certain
greenhouse gases that can be emitted within the system. Over time the cap is reduced so that total
emissions fall. Within the cap, companies receive and/or buy emission allowances which they can trade
with one another. Average annual prices are used to calculate the damage cost avoided and are represented
by the black line. The main issue with the ETS price is that it has suffered from a surplus of emission
allowances which has led to a very low price, too low to spur necessary climate improvements. The main
causes for these low prices are; a target that is not ambitious enough, the economic crisis from 2008, and
the inflow of international credits (Edenhofer et al., 2017). There is a rise in the ETS price starting from
2018, it went up from €5,83 to around €25 in 2019 (Finanzen.nl, 2019). Whether this is temporarily, or the
beginning of a trend is unclear at this moment in time.
The second price for avoided CO2 emissions is the social cost of carbon, which has been calculated by the
US Interagency Working Group on Social cost of Greenhouse Gases and it is derived from the total economic
effects of climate change. It tries to capture all the benefits and damages related to climate change. The
SCC uses the net present value of the damage occurring between the year of emission and the year 2300.
It is therefore also the future damage avoided as a result of one ton of carbon in a given year (EPA, 2013).
The SCC prices are shown in Table 6.3 and are based on three different discount rates. The SCC at constant
prices of 2007 in US dollars has been converted to current prices using the GDP price index for the
Netherlands, available from Statline in table Approaches of domestic product (GDP); National Accounts
(CBS, 2019c). Dollar values have been converted to euros using the purchasing power parities for each year
(OECD, 2018).
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Table 6.3- Social cost of carbon at different discount rates in current prices in euros per ton of CO2 (EPA, 2013)

Year
2010
2011
2012
2013
2014
2015
2016
2017
2018

5%
€8,84
€9,53
€9,53
€9,35
€9,50
€9,59
€9,64
€9,53
€10,71

3%
€27,41
€27,73
€28,60
€28,91
€30,24
€31,39
€33,30
€33,77
€35,69

2,5%
€44,22
€44,20
€45,93
€45,92
€47,51
€48,83
€49,95
€51,09
€53,53

The results are heavily depended upon the choice of discount rate, which makes the monetary valuation
difficult and arbitrary. Between the 2.5% and 5%, we find a difference of 4-5 fold in SCC price. The
calculation of the SCC is highly complex and this adds to the level of uncertainty in the model. It relies on
predictions in the far future with climate models full of assumptions. It is difficult to prioritize which
estimate is correct and should be used in policy or accounting frameworks. Another issue with the SCC is
that it was calculated by a working group that was recently disbanded by the current US president. It is
therefore very unlikely that these models receive an update in the near future (CBS and WUR, 2019b).
The last option is the efficient price of carbon, calculated by the PBL and the CPD. It is based on policy
targets of the Netherlands to reduce carbon emissions. It therefore calculates the monetary estimates of
the contribution of wind energy resources to the overall target of reducing carbon emissions (Aalbers et al.,
2016). The UK adopted a similar carbon price, based on policy targets, In their natural capital accounting
system (Department of energy & Climate Change, 2011). The PBL has calculated the ETS price for carbon if
all economic actors would fall under this system in 2050. From 2050 they calculate backwards with a
discount rate of 3,5%. Three scenarios are adopted, the high reduction, low reduction and the two-degree
policy target (Aalbers et al., 2016). Table 6.4 shows the net present value of the efficient carbon price for
the high and the low reduction scenarios.
Table 6.4- Efficient carbon price for the Netherlands- net present value in euros per ton of CO2 (Aalbers er at., 2016)

Year
2010
2011
2012
2013
2014
2015
2016
2017
2018

Low reduction scenario
€10,10
€10,46
€10,82
€11,20
€11,59
€12,00
€12,42
€12,85
€13,30

High reduction scenario
€40,41
€41,83
€43,29
€44,81
€46,38
€48,00
€49,68
€51,42
€53,22

There is a big margin between both scenarios, just as with the SCC. The efficient carbon price relies heavily
on political ambition as it is based on national target setting. Stricter targets lead to higher prices. It does
have a lower uncertainty than the SCC, as it is not based on complicated climate models. It is based on
present-day costs of prevention. Considering that we are looking at the Netherlands in particular, the
efficient carbon price seems more relevant and viable to adopt. Following CE Delft, we should adopt the
high reduction scenario. This scenario includes both established policies as intended policy. Intended policy
could be the EU’s intention to reduce CO2 emissions by 40% by 2030, compared to 1990 levels. It also
assumes more international cooperation and willingness to create agreements (CE Delft, 2017). For
international comparison, something similar as the SCC would perhaps be more suitable, as the efficient
PBL price is based on Dutch policies. Until there is an international consensus on the best carbon price, the
efficient price is recommended for natural capital accounting in the Netherlands.
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6.3 Summary
In this chapter, the provision of wind for electricity production has been valued. By calculating the resource
rent, with the best available and most current data, it was shown that a market-based resource rent
(excluding government interference) is unprofitable and negative both for onshore and offshore. With the
addition of subsidies, the production value doubles for most years and would present a more realistic
market that represents real business conditions. The social resource rent shows that onshore wind
electricity production has positive resource rents. Offshore resource rents remain negative, thus zero, due
to higher investment costs and O&M costs. The technology and market are still developing, which could
mean large cost reductions in the future and even positive resource rents. This is hard to predict as the new
offshore wind farms are located further away from the shore and could imply higher costs in return.
The avoided damage cost method can be used when an ecosystem service has a damage mitigation effect
on the environment. By generating wind energy, an amount of CO2 emissions is avoided. The main
methodological issue comes with pricing. Three different prices have been explored and different discount
rates have been applied to present the overview of possibilities for natural capital accounting. There is
currently a lack of international guidelines that favor any of the three. The estimates of the value range
from €326 million to €65 million, depending on the pricing framework. This shows the difficulty is applying
this method and it would be highly influenceable by political considerations. It can further be argued that
the avoided damage costs are already reflected in the resource rents that include subsidies. These reflect
society’s preferences for less emissions and international energy dependency. Overall, it remains difficult
to value an open access resource such as the provision of wind. The market is currently not paying for the
ecosystem service and the methods to indirectly value the provision of wind are highly experimental. The
resource rent results show a high degree of volatility, as the calculations depend on many variables and are
influenced by external pressures such as technology, politics and weather conditions. The avoided damage
cost method shows a more consistent trend and is always positive, in contrast with the resource rent
method. Additionally, it is less data intensive and the calculations are easier to perform and to understand,
relying on less assumptions. The valuation of the provision of wind will remain a difficult abiotic ecosystem
services to conceptualize and value.
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7. Nature-Related Tourism and Recreation
This chapter presents the results of the monetary valuation of the ecosystem service “nature-based tourism
and recreation”. Ecosystems play an important role in outdoor recreation and tourism, by providing
attractive environments for leisure activities. People often choose where to spend their leisure time based
on the characteristics of the natural or cultivated landscapes in a particular area (MEA, 2005). In the
methodology it was already described that recreation and nature-related tourism are analyzed as two
separate components. This chapter starts with the geographical delimitation and followed by the results
for nature-related tourism and recreation.

7.1 Geographical boundaries
Similar to the valuation of wind, it is important to understand the geographical boundaries. Figure 5.1
showed the initial marine domain for the ecosystem types. However, nature-related tourism and recreation
in the marine area is not restricted to this area. Most of the activities (partly) take place on the adjacent
coastal land area and are related to the marine environment. We could speak of an “extra-terrestrial”
ecosystem type “coastal dunes and beaches”. Appendix A shows a map of tourist areas created by the CBS
(CBS, 2009). For this thesis it has been chosen to combine category 1 and 2, Wadden Islands and North Sea
resorts respectively into ecosystem type “coastal dunes and beaches”. It is assumed that the expenses from
tourists and recreationists in this area are directly related to the presence of nature such as the sea, beaches
and dunes.

7.2 Recreation
Recreation entails day activities which do not include overnight stays. Nature recreation consists of
activities that are closely related to nature. The main categories for activities that are related to nature used
by the CVTO survey are watersports, outdoor recreation and sports (NBTC-NIPO, 2016b). An overview of
the selected activities within these categories and the amount of activities in 2015 is shown in Figure 7.1.
The numbers have been weighted and are representative for the entire Dutch population. This figure
represents the physical amount of recreation, measured in the amount of times an activity has been
performed among the Dutch population in 2015. Hiking is the most occurring activity in the coastal zone,
with a count of roughly 25 million. Cycling and recreation at the water also represent significant numbers.
Most of the other activities represent small shares in the total amount. They are important to include to
present the full overview and to examine the relative important compared to each other.
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Figure 7.1- Amount of activities per recreational activity in the coastal zone (based on NBTC-NIPO, 2016b).
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7.2.1 Monetary value of recreation in the coastal zone
To transform the physical account to the monetary account, we apply the travel cost method. Each activity
is multiplied with the corresponding cost components. The overview of costs per activity is shown in Table
7.1. Hiking is the largest in physical terms, measured by the amount of activities, but is accompanied by low
average costs. It seems that the travel expenses determine most of the costs. Activities such as sailing bear
larger average costs, mainly due to travel expenses and consumptions that occur in the course of the
activity.
Table 7.1: Cost overview per recreational activity (Based on NBTC-NIPO, 2016b).

Activity

Outdoor recreation
Hiking
Cycling
Recreation at water
Recreation not at the
water
Touring with car
Touring with motorbike
Watersports
Rowing
Canoeing
Surfing
Boating
Fishing
Sailing
Sports
Jogging
Mountain biking
Horse riding
Hiking
Race Cycling

Admission

Consumptions

Store
purchases

Other costs

Travel
expenses

Euro/activity

Euro/activity

Euro/activity

Euro/activity

Euro/activity

€0,07
€0,13
€0,35
€0,23

€0,40
€0,96
€2,13
€0,99

€0,14
€0,25
€0,24
€0,27

€0,07
€0,13
€0,48
€0,54

€1,15
€0,34
€4,08
€2,31

€0,49
€1,22

€3,23
€3,34

€1,7
€1,29

€2,12
€5,09

€9,68
€19,55

€1,63
€4,55
€6,18
€3,17
€1,18
€1,16

€1,19
€0,86
€1,04
€2,28
€1,09
€2,45

€0,12
€0,16
€0,12
€0,05
€0,34
€0,39

€0,25
€0,24
€0,12
€1,06
€0,44
€2,07

€2,72
€1,82
€7,71
€2,68
€3,15
€5,45

€0,25
€0,10
€2,81
€0,15
€0,10

€0,05
€0,38
€0,44
€0,74
€1,13

€0,00
€0,10
€0,03
€0,06
€0,01

€0,04
€0,11
€0,43
€0,06
€0,07

€2,02
€0,99
€3,08
€1,24
€1,19

Multiplying the per-activity costs with the physical amount of activities produces the estimates of the
monetary value for coastal recreation. In the literature it is debated which costs to assign to the travel cost
method. In addition to the travel expenses, other costs could also be assigned to the value of nature. There
are no international guidelines and accordingly three different scopes will be applied. It could be
interpreted as a sensitivity analysis. The limited scope includes travel expenses and admission fees. The
medium scope includes travel expenses, admission fees and other costs. The broad scope includes travel
expenses, admission fees, other costs, food/beverages and in-store purchases. This is shown in Figure 7.2.
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Figure 7.2- Monetary estimates recreational activities in coastal zone by different scopes (based on own calculations)
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In contrast with the physical quantities, recreation at the water has the largest share in the monetary
analysis. Another noticeable observation is that the difference between the limited and the medium scope
is very small, compared to the difference between the medium and the broad scope. The broad scope
includes consumptions of foods and beverages and store purchases.

7.2.2 Regional distribution
The previous results are aggregates for the coastal zone ecosystem. It is possible to extend the analyses
with two spatial levels. The first step is to split the coastal zone into provinces. There are 4 provinces that
have a shoreline to the DCS, Zeeland, Noord-Holland, Zuid-Holland, and Friesland. To divide the values from
Figure 7.1 among provinces, we require an assumption. There is no data in the CVTO report that links
recreation in the categories “at or on sea” and “coastal dunes” with provinces. However, they do split the
total amount of activities in the total natural regions by provinces. This is used as a proxy to divide the
coastal activities among the 4 provinces. For example, 33% of the hikes in coastal provinces took place in
Noord-Holland, we then assume that 33% of the hikes in “coastal dunes and beaches” took place in NoordHolland. The results are shown in Figure 7.3. The most prominent provinces are Noord-Holland and ZuidHolland. Zeeland and Friesland only have a small share in the overall monetary value of recreation in the
coastal zone.
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Figure 7.3- Travel costs in ecosystem type “coastal dunes and beaches” per province with different scopes (based on own
calculations).

The CVTO does not get more specific than on a province level. Additional data is required to determine a
more exact location of the activities. NBTC-NIPO has additional reports that focus on recreation in natural
areas for specific provinces (NBTC-NIPO, 2017, NBTC-NIPO, 2017, NBTC-NIPO, 2016a). It uses the same
methodology as the CVTO and presents visitors per natural recreation area and weighs them to be
representative for the Dutch population. Instead of the spread of activities, the division of visitors among
natural recreation areas is used as a proxy to allocate the travel costs. An assumption here is that average
spending is equal for every recreational site. It is possible that certain recreational sites facilitate different
activities, this method can therefore underestimate or overestimate the assigned value. The alternative is
an in-depth analysis of every single recreation site in the coastal zone. This is beyond the scope of this thesis
and the current available data.
The reports show all recreation areas in a province, not just the coastal recreation areas. The recreational
areas that belong to “coastal dunes and beaches” have been selected, based on the map in Appendix A. It
is assumed that all of the monetary value for nature-related recreation belongs to one of these areas. To
illustrate the results, the case for Zuid-Holland is shown in Figure 7.4. The monetary value of the six
recreation areas that are found in the coastal zone are shown for different scopes. Most noticeable is that
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the dunes around big cities such as Den Haag and Katwijk contribute significantly more that those located
further from urbanized areas.

Figure 7.4- Monetary values Zuid-Holland per recreation area (based on own calculations).

Euro/ha

Figure 7.4 shows one way of comparing different sites among each other, the total value. A value per
hectare could also be calculated when data was available in the regional reports. For Zuid-Holland the total
amount of hectares for each recreational site was reported and used to calculate the value in euro/ha. The
results are shown in Figure 7.5. For Zeeland this information was not published and for Noord-Holland only
partially. It is clear that the Brouwersdam and Grevelingenzijde represents a small share in the total value,
but has a high value per hectare. When considering marginal value of a recreational area in policy plans
that relate to trade-offs in the use of space, both of the estimates should be considered.
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Figure 7.5- Monetary values Zuid-Holland per recreation area per hectare (based on own calculations).

Even though some assumptions are made in the calculations, these estimates on site level are the most
relevant from a policy perspective. Trade-offs in spatial planning are usually made on a local level by
municipalities or provinces. Knowing the monetary value of an area compared to another could support
decision-making in the allocation of offshore wind farms, that might affect recreational activities.

7.3 Nature-related tourism
A similar set of results is presented in this chapter, but focusing on nature-related tourism, thus including
overnight stays at a site.
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7.3.1 National accounts approach
Detailed data from the national accounts and tourism satellite accounts from the CBS was used in this
assessment. This data is not available online, but comes from internal sources that are inputs for national
accounts of the Netherlands (CBS, n.d.). Tourism accounts report expenditure data for different goods and
services produced by certain industry types, regarding multiple day tourism. Separate for both residents
and non-residents. Specific industries were selected to match the different scopes (limited, medium and
broad). An overview of this is seen in Table 7.2.
Table 7.2- Overview included industries in different scopes (Based on national accounts, CBS).

Limited Scope
Petroleum
Railway transport
Other public transport
Taxi transport
Inland shipping
Sea/coastal shipping
Lease/Rentals
Travel agencies
Culture/nature management
Sports/recreation

Medium Scope
Petroleum
Railway transport
Other public transport
Taxi transport
Inland shipping
Sea/coastal shipping
Lease/Rentals
Travel agencies
Culture/nature management
Sports/recreation
Accommodations

Broad Scope
Petroleum
Railway transport
Other public transport
Taxi transport
Inland shipping
Sea/coastal shipping
Lease/Rentals
Travel agencies
Culture/nature management
Sports/recreation
Accommodations
Food/drinks
Book publishers

The data represents total expenditure on multiple-day tourism by different industries and is available from
2015 to 2018. It does not specify the location of the expenditure and should be interpreted as an aggregate
of the Netherlands. A distribution key is needed to assign a share of the total value to the coastal zone. The
overnight stays per municipality has been adopted as a distribution key. The information was found on
Statline in table: Hotels; guests, overnight stays, country of residence, region. This is shown in Table 7.3. The
last two columns show the share of overnight stays for residents and non-residents in the coastal zone. In
2018, 18% of the Dutch tourists stayed in the coastal zone and 24% of the non-residential tourists stayed in
the coastal zone. These percentages will be used to assign expenditure to the coastal zone. It is assumed
that tourists have the same average expenditure in the coastal zone compared to the remaining parts of
the Netherlands (CBS, 2019b).
Table 7.3- Share overnight stays in coastal zone for residents and non-residents (based on CBS, 2019b)

2015
2016
2017
2018

Total
overnight
stays
residents

Total
overnight
stays nonresidents

Coastal
overnight
stays
residents

Coastal
overnight
stays nonresidents

Coastal
share
residents

Coastal
share
Nonresidents

X1000

X1000

X1000

X1000

%

%

66237
66589
67529
69080

37298
39624
44169
47002

12887
13175
12986
12774

9440
9655
10536
11280

19%
20%
19%
18%

25%
24%
24%
24%

Applying the scopes and the coastal shares of residents and non-residents, the final results in current prices
are presented in Figure 7.6. This assessment proves again that the choice of cost components to include
will impact the estimate with a sizeable amount. The limited scope, which includes travel expense and
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admission fees, can effortlessly be linked to a natural recreational site. However, in-store purchases and
food and drinks consumptions are an indirect consequence of visiting a natural site. Even so, they would
not have been consumed if a visitor did not decide to travel to a recreational site. Therefore, these expenses
could have been included in their considerations to travel or not. Accommodation expenses represent a
significant share in the value for nature-related tourism and should be included. It is therefore
recommended to use the medium or broad scope to reflect the monetary value that nature provides to
facilitate nature-related tourism. It might still be ambiguous which scope to use, and it could be more of a
political choice than a methodological choice. It is important that there is consistency within the natural
capital accounts, but also between different countries. When different scopes are applied to different cases,
the comparability fails and so does the usefulness of the system. At this moment, there is no consensus and
there are not many countries that have started to look into valuing these cultural services on a national
scale. This thesis shows that the choice of scope has a tremendous impact and should be chosen with great
consideration.
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Figure 7.6- Monetary value nature-based tourism for different scopes (Based on own calculations).

The total value could be further specified into a share for residents and non-residents. It appears that for
every scope and year the monetary hare of non-residents is between 73% and 77% of the total. Their
spending is about three times as high as that of Dutch residents. The three industries in which non-residents
appear to spend considerably more are; accommodation, food/beverages and leasing and rental services.
It could be that non-residents stay for a longer period, have a higher budget or need to pay for goods and
services that residents already possess such as means of transportation (non-residents spend significantly
more in the lease and rental industry).

7.3.2 Regional distribution
The estimates are useful considering the integration into the system of national accounts, but for policy
implications it is worthful to disaggregate. In chapter 7.2.2, recreation was disaggregated to recreation
areas, for tourism a municipality level was adopted. The largest share of the expenses is related to
accommodation, which takes place in a municipality and not a recreation area itself. The tourist zone
consists of a set of municipalities, and these are the basis for the value distribution. A full list of these can
be found in Appendix D. Rotterdam and The Hague are excluded, because of their size, making the
relationship to nature and the coast more difficult to identify. The assumption that tourists visit these
municipalities because of the availability of nature would not hold in most cases. The consequence of this
exclusion is that towns such as Scheveningen and Hoek van Holland are not included in the regional
distribution, because they belong within the previously mentioned municipalities. This should be taken in
consideration when interpreting the results. It was not possible with the current data to detangle separate
parts within municipalities.
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The estimates are distributed by the amount of overnight stays per municipality in a given year. This data
was not available and has been calculated using the tourist tax revenues. Per municipality the total revenues
from the tourist tax is known and also their corresponding rate. Dividing these leads to the amount of
overnight stays. Some municipalities adopt different rates for different means of accommodation. In these
cases, the ratio for types of accommodation in the coastal zone was used. For example, in Noordwijk, the
rate for camping in 2018 was €1,50 and for other types of accommodation €2,15. In the coastal zone, 29%
of the overnight stays are on camping sites and 71% other types. By multiplying the rates with the shares
in overnight stays as in the calculation below, the final rate that was applied was €1,96.
((€1,50 * 0,29) +(€2,15 * 0,71)) = €1,96
It is assumed that the ratio for the entire coastal zone is comparable with specific municipalities in the
coastal zone. Most municipalities handle a flat rate and do not require a weighted rate such as Noordwijk.
The full overview of the estimates per municipality can be found in Appendix D. As an example, the results
for Noord-Holland are shown in Figure 7.7. These are from the broad scope of tourism, consistent with the
previous figure. It is obvious that Texel represents the vastest share of the value in Noord-Holland.
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Figure 7.7- Monetary estimates of municipalities in Noord-Holland, time series (Based on own calculations)

By adding the value per recreational site, it is possible to derive a monetary value on province level. The
result is shown in Figure 7.8. The coastal zone of Zeeland appears to be the largest contributor, followed by
Noord-Holland. Zuid-holland is underestimated as the tourist tax revenues from Scheveningen and Hoek
van Holland are excluded and therefore not part of the distribution key.
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Figure 7.8- Monetary estimates on province level with a broad scope, time series (Based on own calculations).

7.5 Time series
Natural capital accounts have more strength when they are represented in time series. The absolute
numbers do not always provide clear application for policymakers, but annual developments enables users
to track changes in ecosystem assets and services values. This allows for evaluation of the value that natural
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assets have over time. For the provision of wind and nature-related tourism, time series were already
included in the data. However, for recreation the data is based on an extensive CVTO report from 2015,
which covers just one year. To construct a time series, alternative additional sources had to be found.
Through the CBS, industry-level data from the national accounts was obtained (CBS, n.d.). This includes the
expenditure on recreation within different industry types for several years. The yearly percentage increase
of the value was used to expand the data from 2015 to the following years. For 3 groups of expenditure,
such a coefficient was calculated, travel expenditure, foods and drinks and a remaining category. The
remaining category was used for the groups “admission costs” and “other costs”. These groups were used
in the calculations for 2015. The result can be seen in Figure 7.9. The recreation sector has grown slightly,
and travel expenditure and food and drinks are the largest contributors to the total costs in every year.
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Figure 7.9- Monetary value recreation by cost component, time series (based on own calculations).

7.4 Summary
Ecosystems play an important role in outdoor recreation and tourism, by providing attractive environments
for leisure activities. People often choose where to spend their leisure time based on the characteristics of
the natural or cultivated landscapes in a particular area. In the marine environment, most of the activities
(partly) take place on the adjacent coastal land area. We could speak of an “extra-terrestrial” ecosystem
type “coastal dunes and beaches”. In the assessment there is a distinction between recreation and naturerelated tourism, in which recreation does not include overnight stays whereas nature-related tourism does
include overnight stays. Within recreation, hiking is the most occurring activity in the coastal zone, followed
on some distance by cycling and recreation at the water. Most of the other activities represent small shares
in the total amount. Due to differences in average cost, hiking represents a smaller share in the monetary
value and “recreation at water” was the largest contributor. In this chapter it was shown that the results
can be regionalized both for nature-related tourism and nature-related recreation. Overall the adoption of
different scopes proved useful as a sensitivity analysis. It shows how depended the estimates are on the
cost components that are included in the travel cost method. The choices are currently based on
interpretation and availability, lacking international guidelines. Even though the monetary estimates
maintain to include uncertainties and a level of arbitrariness in some cases, it does show that the travel cost
method is a useful tool to develop monetary estimates for recreational ecosystem services in coastal areas.
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8. Monetary valuation of ecosystem assets
The estimates of the ecosystem services presented in the previous chapter represent the flows from
ecosystems to economic activities. These can be transformed into monetary asset values, also stock values.
These are generally represented in an accounting framework with an opening and a closing stock within a
natural capital accounting area and additions and reductions in those stocks. Similar to ecosystem services,
they represent exchange values, in line with the SNA. As described in the methodology, monetary estimates
are calculated with the NPV method, as is recommended by the SEEA EEA. This method uses the expected
future flows generated by an ecosystem asset, the discount rate and lifetime expectancy. Important are the
expected future flows, which are connected with the ecosystem capacity, which can be measured both in
physical and monetary terms. This capacity can be linked with degradation or expected growth of a stock.
Accounting for ecosystem assets had three objectives. The first is to simply identify the basket of ecosystem
services that an ecosystem asset supplies, which could be one or multiple. The second is to estimate the
expected ecosystem service flows, the most likely future flow based on current use. The last is to apply a
price for each flow of ecosystem services and discount each flow to the current time period, which
represent the net present value. This value could be different than the sustainable level. It is important to
understand the difference between the expected flows and the sustainable value of flows, which maintains
the ecosystem condition (UN, 2017).
The advantage of monetary values over physical values is that they can be aggregated. Estimates
represented in euros can be added together, different physical values such as kWh and number of
recreational activities are not compatible. With monetary values, decisions can be made about alternative
uses of ecosystem assets, because they are comparable. In an accounting table, usually the opening stock
is shown, followed by additions, reductions and revaluations, resulting in a closing stock value. All the stocks
of ecosystem assets can be incorporated into the national accounts, which will be discussed in the next
chapter. It should be noted that changes in one ecosystem service could also affect another ecosystem
service. When pollination would decline for example due to the loss of bees, the provision of crops and
fodder could also be reduced as an indirect effect, changing the value of both assets (UN, 2017).

8.1 Elements of the NPV
The three elements that determine the net present value are lifetime expectancy, future flows and the
discount rate. The lifetime refers to the length of time that ecosystem services will be supplied into the
future. In general economics, we assume a generic asset lifetime instead of estimating the asset lifetime,
considering future flows and conditions. For non-renewable assets, the asset lives can be interpreted as the
time it takes for the total production to equal the estimated level of reserves, such as for oil and gas (ONS,
2019). The SEEA CF recommends an asset lifetime of 25 years for non-renewable resources as a default
(UN, 2014). When considering ecosystem assets, the flows can be indefinitely when sustainable
management is adopted. Following this reasoning, the UK has adopted a 100-year asset lifetime, to better
reflect the longevity of renewable natural assets. The longer the lifetime, the more it captures most of the
theoretical value in perpetuity. Beyond a certain lifetime, the NPV will barely be affected with every
marginal year. The choice of 100 years or infinity will result in a few percent point change in the final NPV
(UN, 2014).
A common assumption for the future flows is to expect ‘business as usual’, which results in constant flows.
Not in all cases this is the right assumption. When information is available that predicts increasing or
decreasing flows over the expected lifetime, the constant flows assumption could be adjusted. For some
ecosystem services such as the extraction of oil and gas, it is possible to predict distraction rates for
example. For other services, the population growth can be incorporated, such as in recreation and tourism,
assuming that the population growth does not affect the condition of the service. Other external factors
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such as income growth can increase the value for recreation and tourism as well, assuming a positive
income elasticity. Scarcity can also affect real prices which increases future unit values (ONS, 2014).
The last aspect is the discount rate, the choice of a specific rate has large implications for the absolute
monetary value of the asset. There is much discussion in the research field on what the right rate should
be. In general, several discount rates are applied to demonstrate the sensitivity (UN, 2017). The SEEA CF
recommends using market-based discount rates, to align with the SNA. However, the SEEA EEA admits that
this might not be most suitable for ecosystems, it states that it “may not be considered appropriate for
ecosystems as a whole whose value may be considered not properly reflected at the margin” (UN, 2014).
Ecosystem assets have a long asset life, which implies that the “exchange value” would need to involve
future generations, the observed market rates may not be most appropriate (Freeman and Groom, 2016).
The UK adopted the following discount rates, 3.5% up to 30 years; 3.0% for 31 to 75 years; 2.5% for 76 to
100 years (ONS, 2014). The CBS and WUR (2019b) adopted a discount rate of 3% in their valuation of
ecosystem services in the Netherlands. The Dutch government has used 4% for investments with
irreversible negative externalities, such as for oil and gas extraction. The PBL had advised using a normal
discount rate of 3% and lower than 2% for services that are hard to be replaced (Koetse et al., 2017). Most
regulating services would need a discount rate of below 2%. For provisioning and cultural services, the
discount rate of 3% is adopted.

8.2.1 Asset valuation of wind with resource rent
The valuation of wind has to be calculated with the net present value of future flows. The lifetime of the
generation of wind can be seen as infinite. Wind will never deplete or destroyed and exists in perpetuity.
Lifetime is infinite (𝑇 → ∞). This makes the asset value equal to the income flow divided by the discount
rate (𝐾0 = 𝑑/𝑟). D represents the flow in that specific year, which is the resource rent of year t. the discount
rate r is always point for discussion. Following the CBS and the PBL, we should adopt a discount rate of 3%.
For the sensitivity analyses, this initial rate is compared with a discount rate of 2%, which puts a higher
value of future returns. The resource rent with social preferences is transformed in asset values. This is
shown in Figure 8.1 for onshore and offshore.
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Figure 8.1- Asset value wind generation derived from the resource rent method including subsidies (Based on own
calculations).

The asset value has been increasing since 2004, peaking around 2008. It has remained rather volatile over
the years, with a large decline after 2013. The choice of discount rate has a significant impact on the
estimates. In 2008 for example, the difference is around 4 billion euros, which is a 50% increase when
moving from 3% to 2%. Negative values should be considered zero, as they do not have any practical
implications, just as with the resource rent calculations. To dive deeper in these results, Figure 8.2 presents
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the division of onshore and offshore asset values, for a 3% discount rate. It is clear that onshore wind
generation yields positive and rather stable asset values. Offshore wind energy is a respectively new market
and therefore more volatile. Large initial investments and changing costs affect the calculations. Whenever
a new wind farm is constructed, the investments are spread over 3 years, having a downwards effect on
the rents and asset values over his period. The volatility remains one of the key issues in the resource rent
method.
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Figure 8.2- Asset value wind generation derived from the resource rent method including subsidies for offshore and onshore
(Based on own calculations).

8.2.2 Asset valuation of wind with avoided damage cost
Another method to derive the asset value is by calculating the net present value of the avoided damages.
Chapter 6.2 discussed this in more detail. Three different prices were analyzed, ETS price, efficient prize and
the social cost of carbon. By dividing the value of a specific year through the discount rate of 3%, we obtain
the asset values shown in Figure 8.3.
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Figure 8.3- Asset value of wind generation derived from the avoided damage method (Based on own calculations).
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8.3 Asset valuation of Nature-related tourism and recreation
The valuation of nature-related tourism and recreation has to be calculated with the net present value of
future flows. In contrast with the lifetime of wind, the lifetime of these cultural services does have an infinite
lifetime. It is difficult to determine the exact lifetime of the ecosystem assets that provide the
“Characteristics of living systems that that enable activities promoting health, recuperation or enjoyment
through active or immersive interactions”, withing the group “Physical and experiential interactions with
natural environment”. To determine exactly what the lifetime should be is difficult and somewhat
ambiguous. Following the example of the CBS and the UK national statistical office, a lifetime of 100 years
was adopted as described in the methodology. A 100-year asset life reflects the longevity of renewable
natural assets and it would cover 92.2% of the NPV value based on infinite flows. As the lifetime expands,
the marginal monetary asset value will decrease, as these are valued less than those closer to the current
year. Expanding the lifetime beyond 100 years, would affect the asset value with diminishing increases. The
chosen discount rates are again 2% and 3% to test the sensitivity of the results. As we are dealing with a
finite lifetime, formula 3 is applied, which includes an annuity factor based on the discount rate and lifetime.
The results can be seen in Figure 8.4.
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Figure 8.4- Asset value recreation per scope for 2% and 3% discount levels (based on own calculations)

The same can be done for nature-related tourism. The monetary value of this ecosystem service will serve
as the main input, together with the lifetime of 100 years and a discount rate of 3%. The results are shown
in a time series from 2015 to 2018. This is shown in Figure 8.5.

Million euro

80000
60000
40000
20000
0
Limited scope

Medium scope
2015

2016

2017

Broad scope

2018

Figure 8.5- Asset value Nature-related tourism per scope for a 3% discount level, time series (based on own calculations)

For every scope there is a clear increasing trend, which is not surprising as these values are directly related
to the monetary values of the ecosystem service calculated in chapter 7. These results do not self-evidently
mean that the quality of this asset had increased. It does show that the economic importance may be
increasing as people spend more on tourism and recreation every year
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8.4 Summary
The valuation of ecosystem assets with the NPV method is not in every occasion straightforward. The
assumptions of lifetime, discount rate and constant flow of services have to be assessed on a case for case
basis. Following the recommendations of the UK office for statistics and the CBS, the lifetime of natural
assets should be 100 years. There are exceptions such as the provision of wind, which is certain to have a
lifetime closer to infinity. The exact amount of years remains negotiable, but it may be more important to
be consistent among ecosystem assets and for international comparisons. The same goes for the discount
rate, which most countries and organizations estimate to be between 2% and 3% for natural assets. A
constant flow of services is in many examples not realistic, with the generation of wind for example.
However, methodologically it is too difficult to estimate the flow of the ecosystem service for the next 100
years and it would rely on assumptions that are embedded in great uncertainties. Therefore, the
assumption of a constant flow on ecosystem service can be adopted and used in the valuation of asset
values. On an annual basis, the asset value could be re-valuated and any increase or decrease in volume
and price would be incorporated in the new estimation. The next and final results chapter will explain how
these values can be aggregated and integrated into a system of national accounts. It will show the role of
ecosystem services and ecosystem assets in supply and use tables and balance sheets. These are the end
product for natural capital accounting and could be used by policy- and decision-makers.
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9. Applications of natural capital accounting
9.1 Aggregation
The main advantage that monetary accounts hold over biophysical accounts is that it is possible to
aggregate the results as a total sum, because the metric unit is uniform. This is a logical consequence of
having the same unit of measurement, money. It helps to compare different ecosystem services and assets
with each other and observe relative differences between different countries (assuming equal methods). A
(semi-) natural environment such as a forest could be compared with a converted ecosystem such as a
cropland. Such comparisons can help to highlight trade‐offs between private benefits and public costs as
well as short‐term and long‐term consequences (Schröter et al., 2014). To assess whether different
monetary estimates can be added together, the methodology should be consistent. The estimates should
represent exchange values, they are calculated with prices of the same year, are not double counted and
the distinction between flows and stocks (services and assets) should be clear. When complying with these
requirements, the final aggregate should be a sound estimate and representative of the whole set of
ecosystem services (CBS and WUR, 2019a). This thesis has just focused on a limited set of marine ecosystem
services and assets and does not represent the total value. The CICES provides an overview of all the
possible biotic and abiotic ecosystem services that could be included in natural capital accounts (HainesYoung and Potschin, 2018). It is up to the countries themselves to identify which of these are relevant to
their national accounts. The aggregate could be further expanded with the inclusion of the remaining
ecosystem services of the Dutch part of the North Sea.

9.2 Integration into the SNA
The national accounts were once developed to create a single measurement of economic activity instead
of a mixture of information and variables. They were first developed during the Great Depression in the
1930’s. The coordination of economic information through the national accounts became indispensable to
policy-makers in central banks, treasury and finance departments, and development agencies. A few years
later in 1953, the international standards were developed in the United States. National accounts have also
incorporated structural economic datasets such as input– output tables, thus providing a base for input–
output modelling and computable general equilibrium (CGE) analysis. One of the major concerns of the
national accounts’ focus on the measurement of economic activity is that they fail to consider the cost of
depleting and degrading environmental assets and natural resources (Obst and Vardon, 2014). The SEEA
EEA tries to provide a framework in which the integration of ecosystem assets is possible.
A pitfall to natural capital accounting is that there is the danger that environmental assets are already
incorporated in the current national accounts, which results in double counting. The SNA accounting
framework does include balance sheets with stocks, from produced assets to environmental assets,
including minerals and energy resources, land, timber, and fish. The balance sheets of the national accounts
also include the value of contracts, leases, licenses, and similar intangibles, and the net positions on
financial assets and liabilities. Some of the ecosystem servicers are captured in these accounts, others are
not. In general, regulating services, such as natural air filtration, are not accounted for in the traditional
balance sheets. Since these additional services commonly have the features of public goods, they are
difficult to measure and are not considered in standard measures of economic assets or economic activity
(Obst and Vardon, 2014).
The SEEA Central Framework is the first step in integrating ecosystem accounts into the SNA. In short, “It is
designed to complement and extend the accounting of the SNA through the valuation of environmental
assets, the integration of physical data about the environment (e.g. flows of energy, water, and air
emissions) and the recognition of ‘environmental’ activities and transactions in standard economic
accounts.” It accounts for both the monetary and the biophysical terms, regardless whether there is a direct
economic value. The second step is to the move towards natural capital accounting through exchange
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values. It should capture not just those services obtained by beneficiaries through the production of food,
energy, and materials (provisioning services), but also those services available to society (e.g. public goods
such as clean air and water and recreational opportunities from national parks, etc.). The process is still
experimental and there are no international guidelines yet. Therefore, the current method is that different
approaches of monetary valuation are appropriate in different contexts. Even when they are integrated
into the national accounts, there is still a level of subjectivity due to the lack of international standards (Obst
and Vardon, 2014). The following paragraphs will show examples of practical applications within the
national accounts of the Netherlands, specifically the (extended) supply and use tables and integrated nonfinancial balance sheets.

9.2.1 Extended supply and use tables
An important part of the system of national accounts are the so-called supply and use accounts (SAU). It
shows which sectors of the economy supply products and which sectors and/or economic actors use these
products, it also includes international trade. In these tables, there is a clear distinction between
intermediate products and final expenditure. Final expenditure is broken down into exports, final
consumption expenditure by households, final consumption expenditure by general government, gross
fixed capital formation and changes in inventories. This paragraph will demonstrate how natural capital
accounting could be integrated in these tables. As a start, an aggregated version of the standard supply and
use table, without natural capital accounts, for the year 2015 is presented in table 9.1. The tables in this
chapter may be difficult to read as they are zoomed out due to the page layout, therefore table 9.1, 9.2 and
9.3 can also be found in Appendix G.
Table 9.1- Supply and use table of the Dutch economy in 2015 in million euro (based on own calculations).

For the purpose of demonstrating the integration of natural capital accounts, the table shows an aggregated
version. The green lines which are named “SNA products” represent the sum of the standard industry
classifications. In the rows, there has been a distinction made between “agriculture”, “manufacturing and
mining” and “services”. These are needed to subdivide the ecosystem services in the next step. The bottom
right corner of the table shows the GDP for 2015, which was 690008 million euro.
A new category next to “SNA products” has to be created to account for natural capital, called “ecosystem
services”. A difficulty is that some of the value might already be accounted for in the regular SAU. Simply
adding ecosystem services would lead to double counting, which should be avoided. Table 9.2 shows the
changes in the SAU table when ecosystem services would be included. Ecosystem services are supplied to
the economy and are therefore found on the supply side. The value of the marine ecosystem services has
been calculated in the previous chapters. Note, for recreation and nature-related tourism , the broad scope
is adopted. The use table shows how the marine ecosystem services are used in the economy, either as
intermediate inputs or used by as final consumption.
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The provision of wind has been calculated by two different methods. In these tables the value from the
avoided damage method has been adopted. It is important to consider the method which leads to the
estimates. This is relevant for the underlying industries and beneficiaries that use and supply with the
support of the ecosystem service. The avoided damage cost values the CO2 emissions that are avoided due
to a cleaner form of energy generation. These are supplied directly by the ecosystem service, the provision
of wind. Considering supply, they contribute to the government policy targets of reducing emissions, which
is the reason that they also receive subsidies. The avoided damage is not accounted for in the general supply
and use table, therefore is received as an addition and double counting is avoided. The GDP will increase
with the value of these avoided emissions, with 34 million euro. If the resource rent method was applied,
the monetary value would have been accounted for differently. The provision of wind would be seen as an
input for the generation of electricity. It would be deducted from the “manufacturing and mining” industry
of the “SNA products” and added to “ecosystem services”. This would result in a zero sum change of GDP.
The specific ecosystem service and the specific method for valuation have an impact on how a country
should and can develop integrated supply and use tables.
Nature-related tourism and recreation are final products and consumed by households or recorded under
international trade when it regards non-residents of the Netherlands. A total of 1441 million euros comes
from incoming tourism and 474 million euros comes from Dutch residents, which are accounted for under
“Import/Export” and “Households” respectively. Again, the matter of double counting should be addressed.
As the method relies on expenditure data, we can assume that it is fully recorded in the industries of the
existing SNA products and therefore the gross value added and the net operating surplus. Integrating
ecosystem services means a shift between accounts. It is important to identify the industry types under
which the current expenditure is accounted. The largest share of the expenditure goes to “Services”
(accommodation, public transport, rental services), and a small share to petroleum (use of cars to travel to
a site). In this aggregated version, petroleum is found under “Manufacturing and Mining” and the rest under
“Services”. This means that the transport expenses should be split into public transport and personal
transportation which requires petroleum (cars and motorcycles). For recreation, the CVTO data shows the
different means of transport for different types of recreation (outdoor recreation, sports, water sports).
These shares are multiplied with the expenses on travel. For tourism, the national accounts report
expenditure on “petroleum”, which is assumed to be gas for the use of transport. This share has been
multiplied with the total expenditure to determine the share that should be attributed to “Manufacturing
and Services”. The remainder is directed to the industry “services”. The final result is that €22 million euro
is dedicated to “Manufacturing and Mining” and €1982 million euro is dedicated to “Services”.
Table 9.2- Changes supply and use table including ecosystem services for 2015 (based on own calculations).
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When we combine table 9.1 and 9.2, we obtain a new and integrated supply and use table. This is shown
in table 9.3.
Table 9.3- Extended supply and use table including ecosystem services for 2015 (based on own calculations).

The main conclusion from this extended SAU table is that the GDP is barely affected by the integration of
the selected marine ecosystem services. This can be explained by the fact that nature-related tourism and
recreation already exist in the general SAU table. The addition of these services is directly subtracted from
the SNA products, which leads to a zero shift in GDP. The provision of wind affects the GDP, because
avoiding CO2 emissions is currently not included in the supply and use tables. For other ecosystem services
we can expect that the GDP will also be affected, mostly by regulating services. Examples of these could be
carbon sequestration of oceans, pollination (gamete dispersal for the marine domain), air filtration,
groundwater filtration, biological regulation (pest and disease control), ocean nourishment (soil formation
and nutrition cycles) and natural coast protection from storms and extreme weather. For the terrestrial
part of the Netherlands, the CBS and WUR (2019a) found a change in GDP of €793 million euro by including
a set of regulating services. The main target of natural capital accounting is not to boost the GDP, but the
further specify the current accounts and to show what role environmental assets and ecosystems have. By
integrating them, it becomes clear where they contribute in the economy and what their value is. Of course,
the absolute values should be received with great carefulness as they are derived from experimental
accounting methods and do not claim to be the “true” value of nature. More on this in the discussion
chapter.

9.2.2 Integrated monetary balance sheets
The previous supply and use tables are constructed on an annual base and are suited for ecosystem services.
For ecosystem assets, it is interesting to look at the integrated monetary balance sheet, which refers to the
inclusion of ecosystem assets into the regular non-financial balance sheet from the national accounts of the
Netherlands. Non-financial assets are objects that have an economic value, over which property rights can
be exercised and that are not of a monetary nature. In practice this comes down to approximately all (nonmonetary) objects that can be sold. The financial assets are disregarded as they are not relevant for the
assessment. These provide insight into the financial situation in the Netherlands, such as the level of the
government debt, the mortgage debt of households and the share ownership of investment institutions for
example. The data can be found on Statline in the table: Non-financial balance sheets; national accounts
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(CBS, 2019g). Table 9.4 shows the result of the integrated monetary balance sheet. The first four columns,
representing different types of non-financial assets, are directly adopted from Statline.
Table 9.4- Integrated monetary balance sheet 2016 (based on own calculations).

Fixed
assets

Inventories

Land

Million euro

Million euro

Million euro

Opening balance
Revaluation
Capital formation
Other volume changes
Statistical discrepancy
Closing balance

€2043628
€-9286
€23761
€-184
€140
€2058059

€92703
€13
€3178
€-4
€0
€95890

Oil and gas
reserves

Marine ecosystem
assets

Million euro

Million euro

€982348
€100482
€0
€6977
€-2
€1089805

€113607
€-72903
€0
€-2459
€-1
€38244

€72071
€648
€4018
€0
€0
€76737

The last column, ‘Marine ecosystem assets’, has been calculated with the results from chapter 8. It shows
the “Opening balance” value and the “Closing balance” value of the year 2016 and the changes, which are
attributed to price changes (revaluation), or volume changes (capital formation). The “Other volume
changes” include the effects of exceptional, unexpected events on non-financial assets, and the “Statistical
discrepancy” refers to the case in which the final balance of the non-financial assets does not match the
opening balance plus the changes in the non-financial assets. The latter two are not applicable in the current
analysis. The marine ecosystem asset values have already been calculated in chapter 8, using the NPV
method. Table 9.5 gives an overview of the asset values. It also shows price change per ecosystem asset in
2016, compared to 2015. These are based on consumer price indexes of the specific relevant industries.
Table 9.5- Monetary asset values 2015 and 2016 (based on own calculations).

Ecosystem asset

2015

2016

Million euro

Million euro

The provision of wind
Nature-related recreation
Nature-related tourism

€1117
€10419
€60535

Price change
%

€2385
€10565
€63787

3,50%
1,10%
0,71%

The price change for the provision of wind refers to the change in the efficient price of carbon in a high
reduction scenario from 2015 to 2016 found in table 6.3. The price change for nature-related recreation
was found on Statline in the table: Consumer prices; price index 2015=100, for expenditure category
recreation and culture (CBS, 2020). The price change for nature-related tourism is not reported within this
table as tourism is composed of many different types of expenditure. Therefore, the expenditure categories
used in the monetary value of nature-related tourism are individually revalued with their industry specific
CPI’s in 2016 for the broad scope. The CPI’s for specific industries are also found on Statline in the table:
Consumer prices; price index 2015=100 (CBS, 2020). An overview is presented in table 9.6.
Table 9.6- Calculation of revaluation factor for price change in ecosystem assets for 2016 (based on own calculations).

Expenditure category
Accommodation
Foods/drinks
Admission fees
Recreation/sports
Public transport
Petroleum
Publishers
Total

Expenditure

Share of total

CPI

Million euro

%

%

€2837
€1773
€93
€150
€718
€64
€59
€5695

50%
31%
2%
3%
13%
1%
1%
100%

Weighted
revaluation factor
%

0,50%
1,80%
1,50%
1,10%
-1,10%
-5,10%
4,50%

0,25%
0,56%
0,02%
0,03%
-0,14%
-0,06%
0,05%
0,71%
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Table 9.6 shows the expenditures in absolute numbers and in percentages of the total. It also presents the
CPI’s to the corresponding expenditure category. These are used to calculate revaluation shares that lead
to a single revaluation factor for nature-related tourism. The sum of all the revaluation factors is a weighted
average for the price change. On average the nature-related tourism sector has seen a price change of
0,71% in 2016. When the change in volume and price level are known, it is possible to split the total change
in monetary value in a price component and volume component.
The formula to determine the price effect 𝛥𝑃𝐸𝑒,𝑡 for ecosystem service e in year t is as follows:
𝛥𝑃𝐸𝑒,𝑡 = (𝑃𝑒,𝑡 − 𝑃𝑒,𝑡−1 ) ∗ 𝑋𝑒,𝑡 .

(11)

The formula to determine the volume effect 𝛥𝑋𝐸𝑒,𝑡 for ecosystem service e in year t is as follows:
𝛥𝑋𝐸𝑒,𝑡 = (𝑋𝑒,𝑡 − 𝑋𝑒,𝑡−1 ) ∗ 𝑃𝑒,𝑡−1 .

(12)

In which 𝑃𝑒,𝑡 is the price of ecosystem service e in year t and 𝑋𝑒,𝑡 is the volume of ecosystem e in year
t. 𝛥𝑃𝐸𝑒,𝑡 and 𝛥𝑋𝐸𝑒,𝑡 refer to ecosystem service values. They can be turned into ecosystem asset values by
using the NPV method as was applied in chapter 8. It means dividing the values for 𝛥𝑋𝐸𝑒,𝑡 and 𝛥𝑃𝐸𝑒,𝑡 by
the corresponding discount rate applied to each ecosystem service The final aggregated results are shown
in table 9.4 in the categories “Revaluation” and “Capital formation”.
The total marine ecosystem assets value remains small compared to the total non-financial assets on the
balance sheet. An interesting finding is that the opening stock value of oil and gas reserves is higher than
the marine ecosystem assets, but the closing stock value has already surpassed the monetary value of the
oil and gas reserves. This is mainly due to the downscaling of the extraction in 2016 and the future policies
to completely stop the extraction. Table 9.4 is a preliminary example of how the inclusion of ecosystem
assets in the balance sheets would look like and how it compares to traditional non-financial assets. The
value currently includes a limited selection of the possible marine ecosystem assets. This selection could be
expanded in the future to present a more inclusive assessment of the monetary value of marine ecosystem
assets.

9.3 Policy implications
The supply and use tables and balance sheets are not the ends in itself, but the rather the means and tools
to use in policy, research settings and our general understanding of the societies we live in. This section will
dive deeper into the application of natural capital accounting within these domains.
The Millennium Ecosystem Assessment (MEA) in 2005 has changed our way of understanding the
relationship between biodiversity and ecosystem functioning towards an assessment of the benefits that
people obtain from ecosystem services. This has brought the analysis of ecosystems closer to the domain
of economics. It should create a world in which society and institutions appreciate natural capital as vital
assets, acknowledging that these assets are key in supporting human well-being and they should
incorporate their value into decision-making (Daily et al., 2009). It has a broader effect of integrating
different worldviews. Ecosystem services could be a platform that facilitates broad argumentation in
support of conservation and sustainable use (Schröter et al., 2014). Understanding the key relationships
among different ecosystems assets and also their part in national wealth is essential in valuing their role to
society and wellbeing. The process of monetary valuation makes it possible to identify the opportunity costs
of using environmental assets and design instruments to efficiently allocate these resources. Think of
instruments such as payment for ecosystem services, pricing, subsidies, taxes, access fees, property rights,
standards, certification, and so on. It further makes it possible to investigate the environmental
sustainability of our economic and anthropogenic activities. Does human interference change the value of
ecosystems? This is not the same as a change in physical state of ecosystem assets. This is partly because
the value of ecosystems depends on many factors other than their extent or productivity. Barbier et al.
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(2009) emphasize that an understanding of the changes in the value of ecosystem assets is crucial to an
understanding of the sustainability of economic activities.
Considering the asset accounts discussed in previous sub-chapters, it has some potential to measure wealth
and to assess sustainable use of resources. The physical accounts could show changes in stocks in for
example oil and gas reserves. If the physical stock decreases, it could be a sign of unsustainable use. In
contrast, when the stock declines in combination with lower extraction rates, this could be an indicator of
sustainable policy. Another way to look at sustainability is through the monetary value of the stock. When
physical reserves are declining, but the value remains constant through price changes, the policies are still
sustainable. Increasing prices would reflect a certain scarcity of the resource, which will lead to alternatives
to be more competitive such as renewable energy sources. This example illustrates the difference between
two concepts, “strong sustainability” and “weak sustainability”. They both reflect environmental economic
school of thought on how we could perceive sustainable use of resources with both physical and monetary
asset accounts (Edens and de Haan, 2010). These examples are related to research and our understanding
of society.
On a policy level, they are also useful. In essence, natural capital accounting has been designed to better
monitor changes in ecosystems and their services, and to show their interrelatedness with economics. It is
an information system rather than a specific policy goal and it supports decision-making and evaluation
(Obst and Vardon, 2014). Assessments based on natural capital accounting information can serve as early
warning systems that signal degradation or loss of ecosystem system value (Bateman et al., 2011). These
could in return result in policies that target ecosystem services or assets. It could further provide a
foundation for evaluating existing policies that focus on land-use change or nature conservation (Remme
et al., 2015). At local scale, spatial monetary accounts can contribute to analyzing and informing land-use
policies or understanding tradeoffs between ecosystem services. These can be made in cost-benefit
analyses, which is a common tool that translates apples-to-oranges comparisons into an overview of
different alternatives, with a common measurement unit (Daily et al., 2009). For example, for nature related tourism and recreation it is useful to identify areas that represent a high or a low economic value.
The absolute numbers are hard to interpret, but relative to each other, they could provide a starting point
for dialogue between policy-makers and other stakeholders to develop local land-use plans. Spatially
explicit monetary accounting can also support tradeoffs that occur as a result of changes in the landscape
(Remme et al., 2015). For example, the effects of a conversion of recreational sites to residential areas can
be displayed through changes in the monetary value of the area. Likewise, a new offshore wind farm could
reduce the monetary value of beach recreation, because it pollutes the viewshed. A synthesis conducted
by U.S. Minerals Management Service in 2007 found that the foremost concern of offshore wind farms is
the visual impacts of wind turbines on the landscape of the coastal area (Michel et al., 2007).
This value expressed in monetary terms further helps to raise awareness and to communicate the
importance of ecosystem assets to policy makers. This information enables more efficient use of limited
funds through identifying where protection and restoration is economically most important and can be
provided at lowest cost. (Crossman and Bryan, 2009;Crossman et al., 2011). Of course, economic valuation
will never in itself guide policy decisions, but it provides an approximation of the value of ecosystem
services. It should always be accompanied by additional information such as biophysical data, ethics and
qualitative assessments. The economic values of different ecosystem services hold relative value towards
each other and within a specific ecosystem service and/or asset, the change in value can be traced to
observe trends. It further shows the cost of absence of that service when certain decisions are made which
could lead to the reduction or complete loss of the natural environment in a certain area. Further research
and implementation in national accounting frameworks make it possible to provide more detailed insights
for conservation policies and trade-offs involved in changes in land use (De Groot et al., 2012).
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10.

Conclusions

The national accounts have been around for over 70 years and have provided an important tool for the
management of economies all over the world. Information is not a solution in itself, but has the ability to
guide policy makers in the private and public domain. An expansion of accounting information with the
environment could be seen as a considerable benefit in decision-making processes. The national accounts
would be expanded, while keeping the well-known tools and models (input–output, CGE, cost–benefit
analysis, and risk assessment frameworks) in place. Within the Netherlands a series of reports and pilot
programs have been performed on the valuation of ecosystem services and ecosystem assets, but this thesis
has made a first attempt to compile monetary accounts for the marine domain. The focus has been on three
specific ecosystem services which are highly relevant from a policy and economic perspective, namely the
provision of wind, nature-related tourism and nature-related recreation. The overall results are shown in
table 10.1.
Table 10.1- Results monetary value of marine ecosystem services and assets in million euro (based on own calculations).
Marine ecosystem services (million euro)
Marine ecosystem assets (million euro)
2015
2016
2017
2018
2015
2016
2017
2018
Provisioning services
Provision of wind
€34
€72
€106
€112
€1117
€2385
€3531
€3718
Cultural services
Nature-related recreation
€330
€334
€353
€10419 €10565 €11156
Nature-related tourism
€1916
€2019
€2217
€2377
€60535 €63787 €70061 €75099

The results are the first experimental monetary values and do not represent the ‘true’ value of nature. It
should be interpreted as the economic value of human benefits produced by ecosystems. The focus has
been on final consumption and actual use, excluding intermediate ecosystem services and capacity. Each
ecosystem service has been valued with valuation methods that are recommended by the SEEA EEA and
are in line with the SNA. Subsequently, the ecosystem asset values are calculated with the help of the NPV
method. These values have successfully been integrated in the standard balance sheets and the supply and
use tables of the Netherlands.
The provision of wind for electricity generation was valued by applying both the resource rent method and
the damage cost avoided method. The resource rent method should include subsidies to reflect a more
realistic market that represents real business conditions and to include social preferences to have more
sustainable sources of energy. However, the offshore resource rents remain negative, due to high
investment costs and O&M costs. The market is changing rapidly, and cost reductions are being realized
through technological efficiency gains and learning curves. The application of the damage cost method is
methodologically more straightforward and yields constant and positive monetary values. The difficulty lies
within choosing the right price for CO2. This thesis has applied three different prices, the ETS price, the social
cost of carbon (SCC) and the efficient price. It is recommended to use the efficient price with a high
reduction scenario, calculated by PBL, which incorporates public policy of the Netherlands. For international
comparison, the SCC holds more potential to be adopted and is supported by science. Overall, it remains
difficult to value an open access resource such as the provision of wind. The market is currently not paying
for the use of the ecosystem service and the methods to indirectly value the provision of wind are highly
experimental. The resource rent does not produce reliable results. There is a large volatility between the
different years and the total value is affected by a large scale of variables. It also neglects market conditions,
which could eliminate rents and therefore the value of nature would not be included in the market price.
The simple travel cost method based on expenditure data is the valuation method that should be applied
for nature-related tourism and nature-related recreation. Ecosystems play an important role in outdoor
recreation and tourism, by providing attractive environments for leisure activities. People often choose
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where to spend their leisure time based on the characteristics of the natural or cultivated landscapes in a
particular area. It is recommended to introduce a new ecosystem type ‘coastal dunes and beaches’ as the
distinction between the marine domain and the terrestrial domain is difficult to demarcate for tourism and
recreation. It was even possible to regionalize the results to recreational sites and municipality level with
some assumptions, using data from the national accounts and NBTC-NIPO.
The main advantage that monetary accounts hold over biophysical accounts is that it is possible to
aggregate the results as a total sum, because the metric unit is uniform. This is a logical consequence of
having the same unit of measurement, money. It helps to compare different ecosystem services and assets
with each other and observe relative differences between different countries (assuming equal methods).
The ability to aggregate the results, makes it possible to integrate them in existing accounting frameworks
such as the supply and use tables and balance sheets. To avoid double counting, the valuation methods and
the underlying ecosystem service and/or ecosystem asset should be studied closely. The avoided CO2
emissions resulting from the generation of electricity from offshore wind parks was not yet included in the
tables, leading to an increase in GDP. However, expenditure date from nature-related tourism and
recreation exists in the current accounts and is merely redistributed from traditional accounts to ecosystem
accounts. The overall effect on the GDP was found to be €34 million for 2015. The main target of natural
capital accounting is not to boost the GDP, but the further specify the current accounts and to show what
role environmental assets and ecosystems have.
On a policy level, natural capital accounts are also useful. In essence, natural capital accounting has been
designed to better monitor changes in ecosystems and their services, and to show their interrelatedness
with economics. It is an information system rather than a specific policy goal and it supports decisionmaking and evaluation. At local scale, spatial monetary accounts can contribute to analyzing and informing
land-use policies or understanding tradeoffs between ecosystem services. These can be made in costbenefit analyses, which is a common tool that translates apples-to-oranges comparisons into an overview
of different alternatives, with a common measurement unit. This value expressed in monetary terms further
helps to raise awareness and to communicate the importance of ecosystem assets to policy makers. This
information enables more efficient use of limited funds through identifying where protection and
restoration is economically most important and can be provided at lowest cost. Of course, economic
valuation will never in itself guide policy decisions, but it provides an approximation of the value of
ecosystem services. It should always be accompanied by additional information such as biophysical data,
ethics and qualitative assessments.
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11.

Discussion and recommendations

This thesis has shown that the valuation of ecosystem services and ecosystem assets is a complex
undertaking. It relies on experimental methods, different data sources, assumptions and lacks binding
international standards. All of the results should therefore be handled with care. There are methodological
and conceptual limitations and there is a danger of irresponsible use. This chapter will dive deeper into
some common pitfalls in the theory of natural capital accounting and it will also discuss some challenges
that arose during the calculations and conceptualization of the valuation of marine ecosystem services and
assets of the Dutch continental shelf.
Starting on a conceptual level, the first common challenge in working with ecosystem services is to create
a consistent definition of what ecosystem services are. Accounting requires standard definitions of
important concepts. Several definitions are applied in research, but the main differences can be traced back
to a single differentiation. This is whether ecosystem services are ‘the benefits provided by ecosystems’ or
‘contributions to these benefits’. (Edens and Hein, 2013). This thesis has chosen to follow the definition
proposed by the SEEA. In the SEEA EEA it was defined as “ecosystem services are the contributions of
ecosystems to benefits used in economic and other human activity” (UN, 2014). Meaning that ecosystem
services are not the benefits themselves, but contribute to the benefits perceived by humans.
A second important consideration is the concept of ‘value’ that the SEEA proposes. It has chosen for the
adoption of exchange values, excluding welfare values, referring to consumer surplus. Depending on
specific policy or research objectives, welfare values could be favored over exchange values. Perhaps they
should be calculated complementary in some cases to support discussion-making. They could be developed
using the same biophysical ecosystem accounts as a fundament. Going even further, some ecosystem
services might not be suited for any monetary valuation. It could be more worthwhile to find a nonmonetary approach and integrate this information into decision-making contexts. Sometimes because
valuation is not possible and in other cases where it is not desirable (Obst, 2018). Non-use values such as
existence and bequest values are excluded by definition because of the exchange value approach. It could
be argued that this leads to an underestimation of the total economic value. However, there are numerous
methodological flaws in estimating non-use values, that including them would be unwise. They are mostly
based on contingent valuation methods which have the danger to be sensitive to the specific framing of the
questions and might ignore budget constraints, therefore overestimate the economic values if respondents
do not actually have to pay their stated willingness to pay for an ecosystem service (UN, 2014).
Accepting exchange values leads to a selection of valuation methods that measure use-values. For
provisioning services, it is often less complicated as market prices can be used to perform the resource rent
method or look at the fees paid for harvesting rights of timber or land prices that are paid. These prices are
directly observable and accessible. It gets more difficult when direct prices are not available in open access
conditions such as fisheries or the provision of wind, where the price paid for the ecosystem service does
not exist. In this case, substitute situations could be found (e.g. fish raised in aquaculture systems) as a
means of value transfers. For regulating services, there is usually no direct market price available and other
valuation methods should be applied such as the replacement costs or damage avoided approach in which
exchange values can be simulated. Recent developments show that markets could emerge for ecosystem
services that were not priced before, such as the carbon market for carbon sequestration. The carbon
market in the EU results in a price for carbon emissions, which could be applied in an accounting framework.
It should be noted that these prices are also influenced by institutional arrangements and regulations and
are not a pure market outcome (Edens and Hein, 2013).
Moving towards specific methodological issues found during this thesis. Natural capital accounting does
currently not exist without a set of assumptions, which economic theory is familiar with. This is partly due
to the lack of international guidelines and data limitations. In the valuation of nature-related tourism and
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recreation, two issues remain with the travel cost method. The first relates to multi-destination trips. In the
current assessment, it is assumed that every activity taken by a visitor is a single trip. It could be that
someone goes for a hike and ends up on the beach for recreation (Clough & Meister, 1991). Combining
activities has implications for the calculations of expenses and will lead to an overestimation. It could be
that parking costs, fuel expenses and admission into the park are only paid once for both hiking and
recreation at the water. Dealing with this issue requires a deeper understanding of the motivations of
visitors and extent to which visitors combine activities. A second methodological issue is the valuation of
time. In many researches, the time spent travelling is considered as part of the travel cost. These are
opportunity costs; it could have been used to perform other activities such as work or on a hobby. In most
cases, the value of time is determined with the hourly income of the respondent (McConnel, 1985). This
has been left out of the assessment for two reasons. The first is that the data on income and time spend at
a recreational site is not available for the respondents. The second is that it measures welfare values instead
of exchange values, therefore not complying with the SNA.
Further research is needed towards the physical spatial scale and the regionalization of results. This thesis
has tried to disaggregate the ecosystem asset values, but was limited by time, data and the skills to use
software such as GIS. When considering spatial scale, ecosystem services can be defined at a wide range of
scales, from very local such as a park to very broad, such as forests covering thousands of square kilometers.
The difference between institutional and ecological scales should also be considered, ecosystems do not
stop at borders and are often transboundary, such as carbon sequestration, of which the impact is
measured for the Netherlands, but is beneficial on a global level. The current national approach in natural
capital accounting is institutionally based and might ignore ecological boundaries. Considering
regionalization, from a policy perspective, nature-related tourism and recreation might be more valuable
on a local scale. Knowing the monetary values between different recreational sites or per hectare, may be
useful in cost-benefit analyses in which trade-offs have to be made. It helps to more efficiently target areas
and draft customized policies. It could support to further detangle the share of recreation and tourism that
can be attributed to the presence of nature. Different data sources, such as mobile GPS data or more
detailed surveys, could be applied to better map the exact locations where the natural environment
supports nature-related tourism and recreation. Currently, the asset values are allocated to one ecosystem
type, “coastal dunes and beaches”. This ecosystem type is an aggregation and could be further specified.
In its current state, it remains an experimental statistical process in which the methods and considerations
differ from case to case. International standards should be the main goal that align methods, perspectives
and to make ecosystem accounts comparable and meaningful among different countries. It is crucial that
natural capital accounting receives broad awareness, not only from statistical offices that create them, but
especially from the potential users. They should have access to these accounts for cross-cutting policy
questions. Statistical offices should consider their needs in designing these accounts. Specific delineation
of measurement boundaries and articulation of connections between stocks and flows is required to create
an appropriate and integrated context. Such a framework will need commitment and maintenance with
estimates that are regularly updated. Investing in the monitoring and evaluation of these structured and
comprehensive information sets could be of tremendous importance when considering the application and
usefulness. It shows longer-term environmental trends, stimulates informed public discussion and
improved decision-making. It brings important disciplines together, environment and economics, and also
different countries that may face the same challenges. National accounts have once been created in a time
of emerging challenges and have proven their strength and value over time. Current environmental issues
face the same urgency as national accounts did following the economic crises of the Great Depression and
after the Second World War. Natural capital accounts should be improved and institutionalized as a
response to these new challenges (Obst and Vardon, 2014).
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Appendix A: Cartogram tourist areas in the Netherlands

* Category 2 excludes The Hague and Rotterdam.
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Appendix B: Offshore capital stock
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Appendix C: Onshore capital stock
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252

188
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224

242
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240
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1684
1677
1771
1974
2164
2423
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2867
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Appendix D: Travel costs per recreation area
Recreation area
Brouwersdam en Grevelingenzijde
Duinen van Goeree
Duinen van Voorne
Duinen tussen Den Haag en Hoek v. Holland
Duinen tussen Katwijk en grens Zuid- en NoordHolland
Duinen tussen Katwijk en Den Haag
Zuid-Holland

Limited Scope
4,9
2,7
4,3
25,3

Medium Scope
5,6
3,1
4,9
28,9

Broad Scope
8,1
4,4
7,1
41,6

18,7
29,4
85,3

21,3
33,6
97,5

30,6
48,3
140,1

Noordduinen / Grafelijkheidsduinen
Zwanenwater
Pettemerduinen
Hondsbosche duinen
Schoorlse Duinen
Wieringen
Strand Bergen / Egmond / Schoor
Noordhollands duinreservaat
Strand Wijk aan Zee - Velsen (Noordpier
Kennemerduinen / Heerenduinen / Duin en
Kruidberg
Strand Zandvoort / Bloemendaal
Amsterdamse Waterleidingduinen
Texel bos en duin
Waddendijk en Polder van Texel
Strand Texel
Noord-Holland

3,1
0,9
2,2
2,2
6,3
1,7
8,8
8,8
4,4

3,6
1,1
2,5
2,5
7,2
1,9
10,0
10,0
5,0

5,1
1,5
3,6
3,6
10,2
2,8
14,3
14,3
7,1

8,8
11,3
4,4
4,4
3,1
4,4
74,7

10,0
12,9
5,0
5,0
3,6
5,0
85,5

14,3
18,3
7,1
7,1
5,1
7,1
121,4

Grevelingen - Brouwersdam
Kust West- Zeeuws- Vlaanderen
De Manteling
Neeltje Jans
Oranjezoon
Rammegors
Rammekenshoek
Slot haamstede, Zeepeduinen, Meeuwenduinen
Verklikkerduinen en Vroongronden
Waterdunen
Het Zwin
Zuidkust Schouwen - Duiveland
Zuidwestkust Walcheren
Boswachterij Westenschouwen
Zeeland

3,5
2,4
0,6
1,7
1,6
0,1
1,0
1,4
0,5
0,8
0,4
1,6
3,7
1,8
20,9

4,0
2,7
0,7
2,0
1,8
0,1
1,1
1,6
0,5
0,9
0,4
1,8
4,2
2,1
23,9

5,9
3,9
1,0
2,9
2,6
0,2
1,6
2,3
0,8
1,3
0,6
2,6
6,1
3,0
34,7

Friesland

20,2

23,2

33,6

201,2

230,0

329,7

Total

Appendix E: Industry types national accounts
National accounts industry type
original

Translated

TextielConfectieLeer*
AardoliePekCokes
Eindchemie*
AudioVideoCompOptis.*

Textiles/leatherwork
Petroleum
Final chemistry
Audio/Video/Computer
Electrical machines and household
appliances
Furniture/matrasses
Production other goods
Rail transport
Other public transport
Taxi transport
Inland shipping
Sea / coastal shipping
Aviation
Storage / other transport services
Accommodations
Food/drinks
Publishers
Distribution of films/radio/TV
LeaseRentalOther
Travel agency
Travel organizations
Other business services
Arts/theater/events
Culture/museams/nature
management
Gambling
Sports/recreation
Employer and employee funds
Funeral / wellness

Elektr.mach&huish.ap*
Meubel-/matrasprod.*
Prod.v.Ov.goederen*
Spoorvervoer gd/pers
Ov.openbaar vervoer
Taxivervoer
Binnenvaart
Zee-/kustvaart
Luchtvaart
Opslag/Ov.dnst.verv.*
HorecaLogiesverstrek
Horeca eten/drinken
Uitgeverijen
ProdDistribFilmTVRad*
LeaseVerhuurOverig
Reisbemid&reserver.
Reisorganisaties
Ov.zakel.dnstverlen.
KunstTheaterEvenem.*
CultuurMuseaNat.beh.
Gokwezen*
SportOntspanning
Werkg.Werkn./Fondsen*
Begraf./Welness/Wass*

* The red marked industries have been excluded from the assessment. They do report expenditure
for multiple-day tourism, however, their relationship with nature is even beyond the broad scope.
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Appendix F:Monetary value tourism per municipality in million euro
Broad
scope

Medium
scope

Limited
Scope

2015

2016

2017

2018

2015

2016

2017

2018

2015

2016

2017

2018

Noord-Holland

515

551

598

651

359

383

416

456

90

93

94

100

Den Helder

45

36

42

43

31

25

29

30

8

6

7

7

Schagen

63

64

67

71

44

44

47

50

11

11

11

11

Bergen

86

95

105

109

60

66

73

76

15

16

17

17

Castricum

38

40

42

44

26

28

29

31

7

7

7

7

Heemskerk

4

0

0

5

3

0

0

4

1

0

0

1

Beverwijk

9

12

12

13

7

8

8

9

2

2

2

2

Velsen

20

23

24

29

14

16

17

20

3

4

4

4

Bloemendaal

20

22

27

31

14

15

19

22

4

4

4

5

Zandvoort

63

71

76

82

44

49

53

57

11

12

12

13

Texel

166

188

202

224

116

131

141

157

29

32

32

34

Zuid-Holland

288

295

332

349

200

210

231

249

50

51

52

55

Noordwijk

56

65

72

75

39

45

50

52

10

11

11

11

Katwijk

17

10

23

24

12

7

16

17

3

2

4

4

Wassenaar

46

49

51

54

32

34

36

38

8

8

8

8

Westvoorne

43

34

41

43

30

24

29

30

8

6

7

7

GoereeOverflakee

125

136

145

153

87

95

101

107

22

23

23

23

Zeeland

767

802

897

972

540

567

625

673

136

138

141

147

SchouwenDuiveland

312

319

336

363

217

221

234

254

55

54

53

56

Veere

270

287

323

354

188

199

225

248

47

48

51

54

Vlissingen

12

13

17

17

9

9

12

12

2

2

3

3

Sluis

173

184

222

238

120

128

155

166

30

31

35

36

Friesland

347

370

390

404

235

246

272

292

59

60

61

64

Vlieland

54

58

62

66

38

40

43

46

10

10

10

10

Terschelling

123

134

140

140

86

93

98

98

22

23

22

21

Ameland

126

134

140

148

88

93

97

104

22

23

22

23

Schiermonnikoog

43

45

47

50

30

31

33

35

8

8

7

8
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Appendix G: Supply and use tables
Table 9.1- Supply and use table Dutch economy 2015 (based on own calculations).

Table 9.2- Changes supply and use table including ecosystem services for 2015 (based on own calculations).
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Table 9.3- Extended supply and use table including ecosystem services for 2015 (based on own calculations).
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Appendix H: Abiotic CICES table (v5.1)
Section
Provisioning (Abiotic)

Division
Water

Provisioning (Abiotic)

Water

Provisioning (Abiotic)

Water

Provisioning (Abiotic)

Water

Provisioning (Abiotic)

Water

Provisioning (Abiotic)

Water

Provisioning (Abiotic)

Water

Provisioning (Abiotic)

Water

Provisioning (Abiotic)

Non-aqueous natural abiotic ecosystem
outputs
Non-aqueous natural abiotic ecosystem
outputs
Non-aqueous natural abiotic ecosystem
outputs
Non-aqueous natural abiotic ecosystem
outputs

Provisioning (Abiotic)
Provisioning (Abiotic)
Provisioning (Abiotic)

Provisioning (Abiotic)

Non-aqueous natural abiotic ecosystem
outputs

Provisioning (Abiotic)

Non-aqueous natural abiotic ecosystem
outputs

Provisioning (Abiotic)

Non-aqueous natural abiotic ecosystem
outputs

Provisioning (Abiotic)

Non-aqueous natural abiotic ecosystem
outputs

Provisioning (Abiotic)

Non-aqueous natural abiotic ecosystem
outputs

Group
Surface water used for
nutrition, materials or energy
Surface water used for
nutrition, materials or energy
Surface water used for
nutrition, materials or energy
Surface water used for
nutrition, materials or energy
Ground water for used for
nutrition, materials or energy
Ground water for used for
nutrition, materials or energy
Ground water for used for
nutrition, materials or energy
Other aqueous ecosystem
outputs

Class
Surface water for drinking

Code
4.2.1.1

Class type
By amount, type, source

Surface water used as a material (non-drinking
purposes)
Freshwater surface water used as an energy source

4.2.1.2

By amount & source

4.2.1.3

By amount, type, source

Coastal and marine water used as energy source

4.2.1.4

By amount, type, source

Ground (and subsurface) water for drinking

4.2.2.1

By amount, type, source

Ground water (and subsurface) used as a material
(non-drinking purposes)
Ground water (and subsurface) used as an energy
source
Other

4.2.2.2

By amount & source

4.2.2.3

By amount & source

4.2.X.X

Mineral substances used for
nutrition, materials or energy
Mineral substances used for
nutrition, materials or energy
Mineral substances used for
nutrition, materials or energy
Non-mineral substances or
ecosystem properties used for
nutrition, materials or energy
Non-mineral substances or
ecosystem properties used for
nutrition, materials or energy
Non-mineral substances or
ecosystem properties used for
nutrition, materials or energy
Non-mineral substances or
ecosystem properties used for
nutrition, materials or energy
Non-mineral substances or
ecosystem properties used for
nutrition, materials or energy
Other mineral or non-mineral
substances or ecosystem

Mineral substances used for nutritional purposes

4.3.1.1

Use nested codes to allocate other
provisioning services from nonliving systems to appropriate
Groups and Classes
Amount by type

Mineral substances used for material purposes

4.3.1.2

Amount by type

Mineral substances used for as an energy source

4.3.1.3

Amount by type

Non-mineral substances or ecosystem properties
used for nutritional purposes

4.3.2.1

Amount by type

Non-mineral substances used for materials

4.3.2.2

Amount by type

Wind energy

4.3.2.3

Amount by type

Solar energy

4.3.2.4

Amount by type

Geothermal

4.3.2.5

Amount by type

Other

4.3.2.6

Use nested codes to allocate other
provisioning services from non-

83

Regulation & Maintenance
(Abiotic)

Transformation of biochemical or physical
inputs to ecosystems

Regulation & Maintenance
(Abiotic)

Transformation of biochemical or physical
inputs to ecosystems

Regulation & Maintenance
(Abiotic)

Transformation of biochemical or physical
inputs to ecosystems

Regulation & Maintenance
(Abiotic)
Regulation & Maintenance
(Abiotic)
Regulation & Maintenance
(Abiotic)
Regulation & Maintenance
(Abiotic)
Regulation & Maintenance
(Abiotic)
Regulation & Maintenance
(Abiotic)

Transformation of biochemical or physical
inputs to ecosystems
Regulation of physical, chemical, biological
conditions
Regulation of physical, chemical, biological
conditions
Regulation of physical, chemical, biological
conditions
Regulation of physical, chemical, biological
conditions
Other type of regulation and maintenance
service by abiotic processes

Cultural (Abiotic)

Direct, in-situ and outdoor interactions with
natural physical systems that depend on
presence in the environmental setting

Cultural (Abiotic)

Direct, in-situ and outdoor interactions with
natural physical systems that depend on
presence in the environmental setting

Cultural (Abiotic)

Indirect, remote, often indoor interactions
with physical systems that do not require
presence in the environmental setting

Cultural (Abiotic)

Indirect, remote, often indoor interactions
with physical systems that do not require
presence in the environmental setting
Other abiotic characteristics of nature that
have cultural significance

Cultural (Abiotic)

properties used for nutrition,
materials or energy
Mediation of waste, toxics and
other nuisances by non-living
processes
Mediation of waste, toxics and
other nuisances by non-living
processes
Mediation of waste, toxics and
other nuisances by non-living
processes
Mediation of nuisances of
anthropogenic origin
Regulation of baseline flows
and extreme events
Regulation of baseline flows
and extreme events
Regulation of baseline flows
and extreme events
Maintenance of physical,
chemical, abiotic conditions
Other

Physical and experiential
interactions with natural
abiotic components of the
environment
Intellectual and representative
interactions with abiotic
components of the natural
environment
Spiritual, symbolic and other
interactions with the abiotic
components of the natural
environment
Other abiotic characteristics
that have a non-use value
Other

Dilution by freshwater and marine ecosystems

5.1.1.1

living systems to appropriate
Groups and Classes
Amount by type

Dilution by atmosphere

5.1.1.2

Amount by type

Mediation by other chemical or physical means
(e.g. via Filtration, sequestration, storage or
accumulation)
Mediation of nuisances by abiotic structures or
processes
Mass flows

5.1.1.3

Amount by type

5.1.2.1

Amount by type

5.2.1.1

Amount by type

Liquid flows

5.2.1.2

Amount by type

Gaseous flows

5.2.1.3

Amount by type

Maintenance and regulation by inorganic natural
chemical and physical processes
Other

5.2.2.1

Amount by type

5.3.X.X

Natural, abiotic characteristics of nature that
enable active or passive physical and experiential
interactions

6.1.1.1

Use nested codes to allocate other
provisioning services from nonliving systems to appropriate
Groups and Classes
Amount by type

Natural, abiotic characteristics of nature that
enable intellectual interactions

6.1.2.1

Amount by type

Natural, abiotic characteristics of nature that
enable spiritual, symbolic and other interactions

6.2.1.1

Amount by type

Natural, abiotic characteristics or features of
nature that have either an existence, option or
bequest value
Other

6.2.2.1

Amount by type

6.3.X.X

Use nested codes to allocate other
provisioning services from nonliving systems to appropriate
Groups and Classes
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Appendix I: Biotic CICES table (v5.1)
Section

Division

Group

Class

Code

Class type

Provisioning (Biotic)

Biomass

Cultivated terrestrial plants for
nutrition, materials or energy

Cultivated terrestrial plants (including fungi, algae)
grown for nutritional purposes

1.1.1.1

Crops by amount, type (e.g. cereals,
root crops, soft fruit, etc.)

Provisioning (Biotic)

Biomass

Cultivated terrestrial plants for
nutrition, materials or energy

1.1.1.2

Material by amount, type, use, media
(land, soil, freshwater, marine)

Provisioning (Biotic)

Biomass

Cultivated terrestrial plants for
nutrition, materials or energy

Fibres and other materials from cultivated plants,
fungi, algae and bacteria for direct use or processing
(excluding genetic materials)
Cultivated plants (including fungi, algae) grown as a
source of energy

1.1.1.3

By amount, type, source

Provisioning (Biotic)

Biomass

Cultivated aquatic plants for
nutrition, materials or energy

Plants cultivated by in- situ aquaculture grown for
nutritional purposes

1.1.2.1

Plants, algae by amount, type

Provisioning (Biotic)

Biomass

Cultivated aquatic plants for
nutrition, materials or energy

1.1.2.2

Plants, algae by amount, type

Provisioning (Biotic)

Biomass

Cultivated aquatic plants for
nutrition, materials or energy

Fibres and other materials from in-situ aquaculture
for direct use or processing (excluding genetic
materials)
Plants cultivated by in- situ aquaculture grown as an
energy source

1.1.2.3

Plants, algae by amount, type

Provisioning (Biotic)

Biomass

Reared animals for nutrition,
materials or energy

Animals reared for nutritional purposes

1.1.3.1

Animals, products by amount, type
(e.g. beef, dairy)

Provisioning (Biotic)

Biomass

Reared animals for nutrition,
materials or energy

Fibres and other materials from reared animals for
direct use or processing (excluding genetic materials)

1.1.3.2

Material by amount, type, use, media
(land, soil, freshwater, marine)

Provisioning (Biotic)

Biomass

Reared animals for nutrition,
materials or energy

Animals reared to provide energy (including
mechanical)

1.1.3.3

By amount, type, source

Provisioning (Biotic)

Biomass

Reared aquatic animals for nutrition,
materials or energy

Animals reared by in-situ aquaculture for nutritional
purposes

1.1.4.1

Animals by amount, type

Provisioning (Biotic)

Biomass

Reared aquatic animals for nutrition,
materials or energy

1.1.4.2

Animals by amount, type

Provisioning (Biotic)

Biomass

Reared aquatic animals for nutrition,
materials or energy

Fibres and other materials from animals grown by insitu aquaculture for direct use or processing
(excluding genetic materials)
Animals reared by in-situ aquaculture as an energy
source

1.1.4.3

Animals by amount, type

Provisioning (Biotic)

Biomass

Wild plants (terrestrial and aquatic)
for nutrition, materials or energy

Wild plants (terrestrial and aquatic, including fungi,
algae) used for nutrition

1.1.5.1

Plants, algae by amount, type
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Provisioning (Biotic)

Biomass

Wild plants (terrestrial and aquatic)
for nutrition, materials or energy

Fibres and other materials from wild plants for direct
use or processing (excluding genetic materials)

1.1.5.2

Plants, algae by amount, type

Provisioning (Biotic)

Biomass

Wild plants (terrestrial and aquatic)
for nutrition, materials or energy

Wild plants (terrestrial and aquatic, including fungi,
algae) used as a source of energy

1.1.5.3

Material by type/source

Provisioning (Biotic)

Biomass

Wild animals (terrestrial and aquatic)
for nutrition, materials or energy

Wild animals (terrestrial and aquatic) used for
nutritional purposes

1.1.6.1

Animals by amount, type

Provisioning (Biotic)

Biomass

Wild animals (terrestrial and aquatic)
for nutrition, materials or energy

Fibres and other materials from wild animals for
direct use or processing (excluding genetic materials)

1.1.6.2

Material by type/source

Provisioning (Biotic)

Biomass

Wild animals (terrestrial and aquatic)
for nutrition, materials or energy

Wild animals (terrestrial and aquatic) used as a
source of energy

1.1.6.3

By amount, type, source

Provisioning (Biotic)

Genetic material from all biota
(including seed, spore or gamete
production)
Genetic material from all biota
(including seed, spore or gamete
production)
Genetic material from all biota
(including seed, spore or gamete
production)
Genetic material from all biota
(including seed, spore or gamete
production)
Genetic material from all biota
(including seed, spore or gamete
production)
Genetic material from all biota
(including seed, spore or gamete
production)
Other types of provisioning service
from biotic sources

Genetic material from plants, algae or Seeds, spores and other plant materials collected for
fungi
maintaining or establishing a population

1.2.1.1

By species or varieties

Genetic material from plants, algae or Higher and lower plants (whole organisms) used to
fungi
breed new strains or varieties

1.2.1.2

By species or varieties

Genetic material from plants, algae or Individual genes extracted from higher and lower
fungi
plants for the design and construction of new
biological entities
Genetic material from animals
Animal material collected for the purposes of
maintaining or establishing a population

1.2.1.3

Material by type

1.2.2.1

By species or varieties

Genetic material from animals

Wild animals (whole organisms) used to breed new
strains or varieties

1.2.2.2

By species or varieties

Genetic material from organisms

Individual genes extracted from organisms for the
design and construction of new biological entities

1.2.2.3

Material by type

Other

Other

1.3.X.X

Transformation of biochemical or
physical inputs to ecosystems

Mediation of wastes or toxic
substances of anthropogenic origin
by living processes
Mediation of wastes or toxic
substances of anthropogenic origin
by living processes
Mediation of nuisances of
anthropogenic origin

Bio-remediation by micro-organisms, algae, plants,
and animals

2.1.1.1

Use nested codes to allocate other
provisioning services from living
systems to appropriate Groups and
Classes
By type of living system or by waste or
subsistence type

Filtration/sequestration/storage/accumulation by
micro-organisms, algae, plants, and animals

2.1.1.2

By type of living system, or by water or
substance type

Smell reduction

2.1.2.1

By type of living system

Provisioning (Biotic)

Provisioning (Biotic)

Provisioning (Biotic)

Provisioning (Biotic)

Provisioning (Biotic)

Provisioning (Biotic)

Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)

Transformation of biochemical or
physical inputs to ecosystems
Transformation of biochemical or
physical inputs to ecosystems
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Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)

Transformation of biochemical or
physical inputs to ecosystems

Mediation of nuisances of
anthropogenic origin

Noise attenuation

2.1.2.2

By type of living system

Transformation of biochemical or
physical inputs to ecosystems

Mediation of nuisances of
anthropogenic origin

Visual screening

2.1.2.3

By type of living system

Regulation of physical, chemical,
biological conditions

Regulation of baseline flows and
extreme events

Control of erosion rates

2.2.1.1

By reduction in risk, area protected

Regulation of physical, chemical,
biological conditions

Regulation of baseline flows and
extreme events

Buffering and attenuation of mass movement

2.2.1.2

By reduction in risk, area protected

Regulation of physical, chemical,
biological conditions

Regulation of baseline flows and
extreme events

Hydrological cycle and water flow regulation
(Including flood control, and coastal protection)

2.2.1.3

By depth/volumes

Regulation of physical, chemical,
biological conditions

Regulation of baseline flows and
extreme events

Wind protection

2.2.1.4

By reduction in risk, area protected

Regulation of physical, chemical,
biological conditions

Regulation of baseline flows and
extreme events

Fire protection

2.2.1.5

By reduction in risk, area protected

Regulation of physical, chemical,
biological conditions

Lifecycle maintenance, habitat and
gene pool protection

Pollination (or 'gamete' dispersal in a marine
context)

2.2.2.1

By amount and pollinator

Regulation of physical, chemical,
biological conditions

Lifecycle maintenance, habitat and
gene pool protection

Seed dispersal

2.2.2.2

By amount and dispersal agent

Regulation of physical, chemical,
biological conditions

Lifecycle maintenance, habitat and
gene pool protection

Maintaining nursery populations and habitats
(Including gene pool protection)

2.2.2.3

By amount and source

Regulation of physical, chemical,
biological conditions

Pest and disease control

Pest control (including invasive species)

2.2.3.1

By reduction in incidence, risk, area
protected by type of living system

Regulation of physical, chemical,
biological conditions

Pest and disease control

Disease control

2.2.3.2

By reduction in incidence, risk, area
protected by type of living system

Regulation of physical, chemical,
biological conditions

Regulation of soil quality

Weathering processes and their effect on soil quality

2.2.4.1

By amount/concentration and source

Regulation of physical, chemical,
biological conditions

Regulation of soil quality

Decomposition and fixing processes and their effect
on soil quality

2.2.4.2

By amount/concentration and source

Regulation of physical, chemical,
biological conditions

Water conditions

Regulation of the chemical condition of freshwaters
by living processes

2.2.5.1

By type of living system
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Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)
Regulation &
Maintenance
(Biotic)

Regulation of physical, chemical,
biological conditions

Water conditions

Regulation of the chemical condition of salt waters
by living processes

2.2.5.2

By type of living system

Regulation of physical, chemical,
biological conditions

Atmospheric composition and
conditions

Regulation of chemical composition of atmosphere
and oceans

2.2.6.1

Regulation of physical, chemical,
biological conditions

Atmospheric composition and
conditions

Regulation of temperature and humidity, including
ventilation and transpiration

2.2.6.2

Other types of regulation and
maintenance service by living
processes

Other

Other

2.3.X.X

Cultural (Biotic)

Direct, in-situ and outdoor
interactions with living systems that
depend on presence in the
environmental setting
Direct, in-situ and outdoor
interactions with living systems that
depend on presence in the
environmental setting
Direct, in-situ and outdoor
interactions with living systems that
depend on presence in the
environmental setting
Direct, in-situ and outdoor
interactions with living systems that
depend on presence in the
environmental setting
Direct, in-situ and outdoor
interactions with living systems that
depend on presence in the
environmental setting
Direct, in-situ and outdoor
interactions with living systems that
depend on presence in the
environmental setting
Indirect, remote, often indoor
interactions with living systems that
do not require presence in the
environmental setting
Indirect, remote, often indoor
interactions with living systems that
do not require presence in the
environmental setting

Physical and experiential interactions
with natural environment

Characteristics of living systems that that enable
activities promoting health, recuperation or
enjoyment through active or immersive interactions

3.1.1.1

By contribution of type of living system
to amount, concentration or climatic
parameter
By contribution of type of living system
to amount, concentration or climatic
parameter
Use nested codes to allocate other
regulating and maintenance services
from living systems to appropriate
Groups and Classes
By type of living system or
environmental setting

Physical and experiential interactions
with natural environment

Characteristics of living systems that enable activities
promoting health, recuperation or enjoyment
through passive or observational interactions

3.1.1.2

By type of living system or
environmental setting

Intellectual and representative
interactions with natural
environment

Characteristics of living systems that enable scientific
investigation or the creation of traditional ecological
knowledge

3.1.2.1

By type of living system or
environmental setting

Intellectual and representative
interactions with natural
environment

Characteristics of living systems that enable
education and training

3.1.2.2

By type of living system or
environmental setting

Intellectual and representative
interactions with natural
environment

Characteristics of living systems that are resonant in
terms of culture or heritage

3.1.2.3

By type of living system or
environmental setting

Intellectual and representative
interactions with natural
environment

Characteristics of living systems that enable aesthetic
experiences

3.1.2.4

By type of living system or
environmental setting

Spiritual, symbolic and other
interactions with natural
environment

Elements of living systems that have symbolic
meaning

3.2.1.1

By type of living system or
environmental setting

Spiritual, symbolic and other
interactions with natural
environment

Elements of living systems that have sacred or
religious meaning

3.2.1.2

By type of living system or
environmental setting

Cultural (Biotic)

Cultural (Biotic)

Cultural (Biotic)

Cultural (Biotic)

Cultural (Biotic)

Cultural (Biotic)

Cultural (Biotic)
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Cultural (Biotic)

Cultural (Biotic)

Cultural (Biotic)

Cultural (Biotic)

Indirect, remote, often indoor
interactions with living systems that
do not require presence in the
environmental setting
Indirect, remote, often indoor
interactions with living systems that
do not require presence in the
environmental setting
Indirect, remote, often indoor
interactions with living systems that
do not require presence in the
environmental setting
Other characteristics of living systems
that have cultural significance

Spiritual, symbolic and other
interactions with natural
environment

Elements of living systems used for entertainment or
representation

3.2.1.3

By type of living system or
environmental setting

Other biotic characteristics that have
a non-use value

Characteristics or features of living systems that have
an existence value

3.2.2.1

By type of living system or
environmental setting

Other biotic characteristics that have
a non-use value

Characteristics or features of living systems that have
an option or bequest value

3.2.2.2

By type of living system or
environmental setting

Other

Other

3.3.X.X

Use nested codes to allocate other
cultural services from living systems to
appropriate Groups and Classes
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