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1. Introduction

The System of Environmental and Economic Accounting — Ecosystem Accounts (SEEA EA), adopted by the
UN Statistical Commission in March 2021, provides internationally recognized statistical principles and
recommendations for the valuation of ecosystem services and assets in a context that is coherent with
the concepts of the System of National Accounts (chapters 8-12; UN, 2021). In SEEA EA, a key purpose of
valuing ecosystem services and ecosystem assets in monetary terms is the integration of information on
ecosystem condition and ecosystem services with information in the standard national accounts. This
enables comparison of the supply and use of ecosystem services with the production and consumption
of other goods and services. Additionally, it supports the use of ecosystem information in standard
economic modelling and productivity analysis.

In 2024 Regulation (EU) No 691/2011 on environmental accounting will be extended with an amendment
on Ecosystem accounts. The amendment focusses on the extent account, condition account and supply
and use tables for ecosystem services in physical terms. Although monetary ecosystem accounts will not
become part of the extension of the legal base, text is included that the Commission may supplement
this Regulation with monetary accounts by means of a delegated act.

Among statisticians and more broadly, the use of monetary values of environmental stocks and flows in
the measurement and assessment of the environment has long been a point of discussion and
contention (UN, 2021). Besides various remaining methodological and compilation issues, a key
challenge is determining how to present the results to users and how to interpret them. Valuation of
ecosystem services and assets represents a special kind of data, which requires careful consideration
with regard to its dissemination. Results can easily be misinterpreted, misused or ignored (being too
complex to put into use). For example, a particular method may suggest that the economic value of an
ecosystem service is low, zero or negative. It would be irresponsible to conclude that the ecosystem
service and the associated asset truly have no value. This is particularly relevant when the resulting
values are used to compare alternatives in policy decision making.

Statistical institutes thus must take extra care when compiling and publishing these results. This is also a
key reason why statistical offices are often hesitant to start the compilation of the monetary SEEA EA
accounts. There is a clear need to provide more guidance on how to interpret and publish these data.
Therefore, the primary objective of this report is to clarify how the results of the monetary ecosystem
accounts are best interpreted and disseminated for statistical purposes. This will be done by taking the
results of the Dutch ecosystem accounts as an example.

The report builds upon previous work carried out on ecosystem accounting in the Netherlands (Statistics
Netherlands and WUR, 2020; Hein et al., 2021). In 2016, Statistics Netherlands and Wageningen
University started the implementation of SEEA EA for the Netherlands on behalf of the Ministry of
Agriculture. The overall aim was to test and implement SEEA EA ecosystem accounting on a national
scale, including the monetary ecosystem accounts. During the last years, the monetary physical supply
and use tables (PSUTs) and asset account have been compiled for 2013-2020. The methodology and
results have been published in several background reports (e.g. Statistics Netherlands and WUR, 2023).

In chapter 2 a short overview is provided of the monetary SEEA EA accounts and their key indicators. In
chapter 3, the methods and results of a decomposition analysis for ecosystem service values is



presented. The results of this decomposition analysis may help to better understand what changes in
value over time are actually telling us. Chapter 4 provides a broad overview on how compilers can best
present and interpret the data on monetary ecosystem values to users, taking data from Netherlands as
an example. Finally, in chapter 5 we will conclude and provide some general recommendations.

2. The monetary SEEA EA accounts and their key indicators

2.1 Short description of ecosystem valuation and the monetary SEEA EA accounts

The SEEA EA is a statistical system designed to create an integrated and internally consistent series of
accounts, offering a comprehensive and well-structured view of ecosystems (UN, 2021). Within the
ecosystem accounting framework, ecosystem services serve as the vital link connecting ecosystem assets
to the productive and consumptive activities of businesses, households, and governments. SEEA EA
defines ecosystem services (ES) as the contributions of ecosystems to the benefits that are used in
economic and other human activity. By recording flows of ecosystem services, the SEEA EA extends the
so called SNA production boundary, i.e. measurement scope of goods and services recorded in the SNA.
The accurate measurement of ecosystem services is central to presenting a fully integrated suite of
ecosystem accounts.

In the SEEA EA, ecosystem services and ecosystem assets are quantified in both physical and monetary
terms. A key benefit of employing a uniform monetary unit or numeraire is the capacity to create
uniform comparisons among different ecosystem services and assets (UN, 2021). This consistency
harmonizes with the established metrics used for products and assets in national accounts. This
harmonization necessitates the incorporation of exchange values, which, in turn, facilitate the
development of an integrated framework for pricing and quantification. This integration is in line with a
core objective of the SEEA EA, facilitating a comprehensive perspective on the relationship between the
economy and the environment.

Exchange values are the values at which goods, services, labour or assets are in fact exchanged or else
could be exchanged for cash. (2008 SNA, par. 3.118). In an ecosystem accounting context, exchange
values are those values that reflect the price at which ecosystem services and ecosystem assets are
exchanged or would be exchanged between willing buyers and sellers if a market existed (UN, 2021).
Since the ecosystem assets themselves are not actual market participants, the challenge in valuation lies
in establishing the assumptions about the institutional arrangements that would apply if there was an
actual market involving ecosystem assets. A further distinction can be made between a) exchange values
already captured in the SNA production boundary, but not recognized as such (for example the values for
most provisioning services), and b) exchange values captured in the SEEA EA extended production
boundary (for example health benefits from ecosystems or carbon sequestration), see Figure 2.1.
Exchange values are of interest because they allow direct comparison of values of ecosystem services
and assets with existing national accounting values. Therefore, this is the recommended approach to
apply in SEEA EA (UN, 2021).



Welfare economic values entail obtaining valuations that measure the change in the overall costs and
benefits associated with ecosystem services and assets (UN, 2021). Welfare values are often related to
changes in the sum of the producer and the consumer surplus. It includes so-called consumer surplus is,
i.e. the monetary gain 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. Welfare values are most commonly
used in economic and environmental cost-benefit analysis where the focus is on the impacts of various
policy choices on economic outcomes that are of common interest. The SEEA EA acknowledges the
significance of the welfare valuation approach in informing decision-making within public policy. This is
particularly evident in scenarios such as the evaluation of costs and benefits associated with additional
investments in regional planning. However, for reasons explained above, the current focus of the SEEA
EA is on producing estimates in exchange values.

Finally, intrinsic values refer to inherent value, that is the value that something has independent of any
human experience or evaluation. By definition, intrinsic values cannot be captures in monetary terms.
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Exchange values  Welfare values | Intrinsic values

captured in the capturing (not captured
SEEA EA consumer in monterary
extended surplus values)
production
boundary

Figure 2.1 Different value concepts recognized within the SEEA EA framework

Several valuation techniques are available to value the different ecosystem services. SEEA EA does not
proscribe any particular method, they can be applied as long as they are based on exchange values®. For
an overview of possible methods see SEEA EA chapter 9 and Monetary valuation of ecosystem services
and ecosystem assets for ecosystem accounting (NCAVES and MAIA,2022).

The value of an ecosystem assets can be derived using the net present value approach. In ecosystem
accounting, an ecosystem asset generates a bundle of ecosystem services, each valued separately. The
NPV formula is applied at the level of individual ecosystem services and the resulting discounted values
are aggregated to derive the monetary value of the ecosystem asset (SEEA EA par. 10.45). This approach
requires assumptions about the future flows of income, as well as about the discount rate used to
convert the future income to current values and the corresponding time horizon.

Monetary ecosystem values are integrated into several dedicated monetary accounts. These monetary
accounts play a key role in unraveling the economic aspects of ecosystem services and understanding

1 Although many different valuation methods can be applied, there is a strong preference in SEEA EA for using
methods that translate observable and revealed prices and costs into the values required for accounting purposes.



their substantial contributions to the well-being of society and the broader economy. The main
monetary ecosystem accounts encompass:

o The ecosystem services flow account in monetary terms that records the supply of ecosystem
services by ecosystem assets and the use of those services by economic units, including
households (See SEEA EA Chapter 9 for more information).

o The ecosystem monetary asset account that records information on stocks and changes in
stocks (additions and reductions) of ecosystem assets. This includes accounting for ecosystem
degradation and enhancement (see SEEA EA Chapter 10 for more information).

o The extended sequence of accounts that integrates the value of ecosystem services and
degradation/enhancement in the full sequence of national accounts, allowing derivation of
adjusted aggregates for production, income and savings (See SEEA EA Chapter 11 for more
information).

2.2 Monetary ecosystem indicators

Monetary indicators play a crucial role in the field of ecosystem accounting, offering a quantitative
approach to assess the economic value of ecosystems and their contributions to society and the
economy. Traditionally, efforts have revolved around assigning values to individual ecosystem services,
however there is a growing need to develop aggregate indicators that consolidate these valuations,
thereby addressing the need for a comprehensive overview. Indicators allow decision-makers to focus on
specific ecosystem services that are of particular importance or concern in a given context. Indicators
help us share complex data in a simple way, making it easier to understand. These indicators bridge the
gap between economic and ecological considerations by translating nature's benefits into monetary
terms, equipping decision-makers with the tools needed to evaluate trade-offs and make well-informed
choices. An overview of the key monetary indicators from the SEEA EA is shown in table 2.1.

Table 2.1: Potential indicators on monetary ecosystem services flows account and ecosystem asset
accounts

Monetary Further Spatial unit Disaggregation Unit of
indicators description measurement
Gross Ecosystem The economic value | Ecosystem Ecosystem type, Local currency
Product (GEP) added of all accounting area ecosystem services

ecosystem services classes

generated
GEP as a percentage | Contribution of Ecosystem Ecosystem type, Percentage
of GDP ecosystems to total | accounting area ecosystem services

economic activities classes
Value of ecosystem | Value added of Ecosystem Ecosystem type Percentage

services linked to
industry value
added

industries with
direct inputs of
ecosystem services

accounting area

Total ecosystem
asset value (TAV)

End of year
monetary
ecosystem asset
value

Ecosystem
accounting area

Ecosystem type

Local currency




Total ecosystem Ecosystem asset Ecosystem Ecosystem type Percentage
asset value (TAV) as | valueasa accounting area
a percentage of percentage of total
total national national wealth
wealth
Cost of degradation | Reduction to Ecosystem Ecosystem type, per | Local currency
addition of accounting area capita by
monetary administrative
ecosystem asset areas, planning
value attributable areas
to ecosystem
degradation

Gross Ecosystem Product (GEP) is calculated as the sum of all final ecosystem services at their exchange
value provided by all ecosystem types within an ecosystem accounting area over an accounting period. It
is adjusted by subtracting the net imports of intermediate services (SEEA EA par. 9.18). In cases where
the net imports of intermediate services (i.e., imports minus exports of intermediate services) are
negligible, GEP may be approximated as the sum of final ecosystem services supplied by the ecosystem
accounting area (EAA). GEP as an indicator summarizes the value that ecosystem services provide to
society annually as a single monetary metric for a certain area (Ouyang et al., 2020; Zheng et al., 2023).
GEP thus helps policymakers and economists to recognize the substantial contributions of nature to
human well-being and the economy. Additionally, expressing the Gross Ecosystem Product (GEP) as a
percentage of the Gross Domestic Product (GDP) can provide insights into the relative economic
significance of ecosystem services within a country or region. We will come back to this in chapter 4.

At the regional and local scale, GEP can be a powerful tool for assessing the economic contributions of
ecosystems to specific regions, such as provinces or local municipalities. When GEP is calculated and
analyzed at this level, it provides valuable insights into the unique ecosystem services and economic
dependencies of the area in question. For instance, in the Netherlands the accounts also include
monetary values of ecosystem services at the province level, and accordingly GEP data on this level can
help local policymakers and stakeholders to make informed decisions about resource management, land
use planning, and conservation efforts tailored to their specific environmental and economic context.
This localized application of GEP helps to bridge the gap between national-level policy objectives and the
intricacies of regional ecosystems.

The Total (Ecosystem) Asset Value (TAV) represents the aggregated value of a region or country's
natural assets, including its various ecosystems, and is part of broader efforts to recognize the economic
significance of natural resources and natural capital. The TAV represents a long-term value, providing an
estimate of the cumulative worth of natural assets over time. It doesn't typically change rapidly from
year to year. This is different from the GEP which is an annual flow measure, reflecting the economic
value of ecosystem services for a specific accounting period (usually a year).

Cost of ecosystem degradation is the decrease in the value of an ecosystem asset over an accounting
period that is associated with a decline in the condition of an ecosystem asset during that accounting
period (SEEA EA par. 10.21). This indicator thus reflects the loss of value of ecosystem capital due to a
decrease of ecosystem quality.



Examining indicators in monetary terms, along with the physical indicators, provides a well-rounded view
of the connection between nature and the economy. Monetary indicators put a price tag on the benefits
we get from nature, like clean air or crops, making it clear how they support our economy. On the other
hand, physical data tell us if ecosystems are in good shape, which matters for their ability to provide
those benefits. This two-sided approach helps decision-makers balance economic growth with
environmental protection and understand where we might need to make trade-offs to safeguard nature.
For example, the condition account looks at the quality of ecosystems in physical terms, helping us
assess how healthy they are and if they can keep delivering the services we rely on.

3. Decomposition analysis

3.1 introduction

Decomposition analyses allow identifying the main drivers of observed changes over time of a certain
variable. A well-known example is the decomposition analyses for CO, emissions, where the change in
emissions is explained by changes in economic production, energy mix and energy use. Such
decomposition analyses fall under two distinct but related categories: index decomposition analysis (IDA)
and structural decomposition analyses (SDA). In index decomposition analysis the link between impact
(such as energy, environmental employment) and production level is explored. In structural
decomposition analysis the link between impact and consumption activities is explored. Hence, SDA is
more comprehensive than IDA (since it requires explicitly accounting for the link between production
and consumption) but also requires more data (De Boer and Rodrigues, 2020).

In the SEEA EA, decomposition analysis has been used to analyze the changes in monetary asset values in
order to derive the accounting entries for the monetary asset account (see Annex 10.1 of the SEEA EA).
In principle, the same decomposition analysis can also be applied to monetary ecosystem service values,
i.e. to explain changes in ecosystem service values in time. In this section we will discuss the
methodology and present results of this analysis. In chapter 4 the results will be used to support the
interpretation of changes in monetary ecosystem values over time.

3.2 Methodology

Monetary values for ecosystem services can be decomposed in the following three elements:

1. Area effect: the change in the value that can be related to changes in area. For example, if the
area of forest decreases due to deforestation, it is to be expected that the value of ecosystem
services provided by the forests will also decrease.

2. Volume effect: the change in the value that can be related to changes in volume. In accounting,
volume reflects the combination of quantity and quality. Volume changes can thus have several
causes, including changes in demand and changes in ecosystem condition.

3. Price effect: the change in value that is related to changes in prices. For example, if the carbon
price used to value carbon sequestration increases this will increase the value for this service.



Basically, the change in monetary value of the ecosystem services (dV) can be expressed with the
following formula:

dvV=dA*dF/A*dV/F
where:
dA is the change in area of the ecosystem assets
dF/A is the change of the physical flow of the ecosystem service per hectare
dV/F is the change in the relative price of the ecosystem service

Accordingly, this decomposition analysis allows the identification of three effects. In addition, as we will
discuss below, it is useful to separate positive and negative volume effects?. For a more elaborate
description of the technical details for the decomposition analysis we refer to SEEA EA annex 10.1:
Application of the net present value method for valuing ecosystem assets and changes.

We have applied the decomposition analysis to analyze the changes in ecosystem service values that
occurred between 2013 and 2021 (the first and last year for which data is currently available). The final
ecosystem services that have been analyzed for the Netherlands are listed in table 3.1. Note that for
nature recreation and nature tourism a further disaggregation has been applied. In monetary terms
these are significant ecosystem services, making it worthwhile to apply a more detailed analysis.

Table 3.1 Overview of the ecosystem services that have been included in the Dutch ecosystem
accounts

Provisioning services
Crop provisioning
Grazed biomass provisioning
Timber provisioning
Regulating services
Drinking water filtration
Air filtration
Carbon sequestration in biomass and soil
Carbon retention
Pollination
Coastal protection
Cultural services
Nature recreation
Hiking
Cycling
Other outdoor recreation
Touring by car / motor
Outdoor sports (incl. watersport)
Nature tourism
Nature tourism: residents
Nature tourism: non residents
Other expenditure
Amenity service

2 0On the most detailed level (i.e. for a specific ecosystem service and a specific ecosystem type) the decomposition
analysis provides a positive or negative volume effect. When aggregated for the total of an ecosystem service or
the total of an ecosystem type, positive and negative volume effects may be separately accounted for.



The source data needed for this analysis are a) monetary values for the ecosystem services by ecosystem
type (monetary supply and use tables), b) physical data for ecosystem services by ecosystem type
(physical supply and use tables), and c) areas for the different ecosystem types (extent account). The
methodologies for calculating these source data can be found in background documents on the Dutch
ecosystem accounts (Statistics Netherlands and WUR, 2023).

The decomposition analysis has been calculated in Excel. For each ecosystem type the decomposition is
calculated for the different ecosystem services in separate excel sheets. Accordingly, values can be
decomposed on the level of a) ecosystem types, b) ecosystem services, b) the total ecosystem
accounting area, in this case the total of the Netherlands.

3.3 Results
For the presentation of the main results we will follow a top down approach: we start with the results for
the whole country, then zoom in to the specific ecosystem services and ecosystem types.

Total value of ecosystem services

The value for the total supply of ecosystem services (GEP) increased with 5444 million euro (in current
prices) between 2013 and 2021. This increase can largely be accounted for by an increase in the prices
for ecosystem services (3751 million euro). The total volume effect is also significant (1715 million euro),
whereas the total area effect (21 million euro) is small. The underlying volume effects show both a high
positive contributions (2542 million euro) and high negative contributions (-828 million euro). From this
we can thus also deduce the increase of GEP in constant prices, namely 1693 million euro.
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Figure 3.1 Decomposition results for the change in total supply of ecosystem services for the
Netherlands (2013-2021)
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Ecosystem services

Decomposition analyses for the different ecosystem services show quite diverse results. For nature
recreation and amenity service for example, the total increase in value is due to price effects and a
positive volume effect. For nature tourism we find a large price effect and a large negative volume effect.
For carbon retention, the price effect is most significant. Overall the area effects are very small.
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Figure 3.2 Decomposition results for ecosystem services values (2013-2021)
Ecosystem types

For all ecosystem types the total monetary value of supplied ecosystem services has increased for this
period. To a large extent this is due to price increases for the ecosystem services. In addition, for some
ecosystem types, such as forests, cropland, and grassland, we see a significant contribution of the
volume effect with regard to the overall value change. For other ecosystem types, such as dunes and
coastal area and lakes and reservoirs the negative volume effects are more significant than the positive
volume effects. Area effects are in comparison small, but still significant for some ecosystem types such
as cropland, grassland and urban green.
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Figure 3.3 Decomposition results for ecosystem types (2013-2021)

3.4 Interpretation of the decomposition analysis

In this section we discuss how the results of the decomposition analysis can be used for the
dissemination of monetary ecosystem values by looking more specifically at how to interpret the
different effects.

Area effect

Overall, the area effect usually plays a minor role in explaining the overall value changes, given that the
annual changes in extent are usually small. However, a more detailed examination of area effects
provides useful information and insights. The effects of extent changes are in general easy to interpret
and explain. Essentially, this effect illustrates the impact of land use changes on the value of the
supplied ecosystem services. A positive/ negative area effect indicates respectively an increase or
decrease of social economic benefits supplied by ecosystems as a result of land use changes. When
looking at specific ecosystem types, this effect can be directly associated with changes in extent (Figure
3.4). For example, the extent of cropland in the Netherlands decreased between 2013 and 2021 with 461
km2, which resulted in a decrease in value of supplied ecosystem services (63 million euro). Likewise the
extent of public green public space increased with 41 km2, which led to an increase in the value of
supplied ecosystem services (43 million euro). For specific ecosystem accounting areas, for example
provinces, the area effect reflects the overall land use changes that have occurred and their impact on
the value of ecosystem services that are supplied. For the total of the country, positive and negative area
effects will to a large extent balance out, and the overall effect will thus be small.
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Figure 3.4 Impact of extent changes (area effect) on ecosystem service values (2013-2021)

Price effect

The effect of price changes is also in principle straightforward to interpret. Prices for ecosystem services
(i.e. the monetary value per physical unit of the ecosystem service) are based on observed or imputed
prices. A change in these prices reflects primarily a change in scarcity of the ecosystem service and the
underlying ecosystem assets that supply them. For example, an increase in the carbon prices or nature
recreation prices reflect a higher demand with respect to the supply of these services. In that regard it is
interesting to compare the different price effects, for example for different ecosystem types.

Figure 3.5 shows the price effect as price indices, i.e. the average change in ecosystem service prices for
an specific ecosystem type, during a given interval of time. For the total of the Netherlands, ecosystem
service prices increased with 31.5 %. The increase in prices was higher than average for forests, marine
areas, dunes and coastal areas and below average for rivers and canals and urban green. This then would
be interpreted as a relative increased scarcity (more demand relative to supply) of the ecosystems
services supplied by forests, marine areas, dunes and coastal areas relative to rivers and canals and
urban green. These price indices can also be compared to other price indices like the consumer price
index, which for this period was 12 %.
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Figure 3.5 Impact of price changes (price effect) on ecosystem service values (2013-2021)

Volume effect

The effect of volume changes, i.e. changes in the physical supply per unit area (ha), is more difficult to
interpret. Figure 3.6 shows the volume effect for different ecosystem types, both the positive and
negative contributions to the change in value. Volume changes are in principle related to physical
changes in supply or use:

e On the supply side ecosystems may provide more or less ecosystem services per hectare due to
changes in ecosystem condition. For example, an improvement in the condition of forests may
increase carbon sequestration and retention. Likewise, a deterioration of ecosystem condition
(degradation) may result in a lower supply of ecosystem services, for example soil degradation
may lead to less crop provisioning services.

e On the use side, changes in demand can have an important impact on the volume of ecosystem
service provided and used. For example, population growth may increase the demand for
cultural services like nature recreation and the amenity services. Likewise, less demand will
lower the use of certain ecosystem services, like nature recreation or local climate regulation.

14
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Figure 3.6 Impact of volume changes (volume effect) on ecosystem service values (2013-2021)

It is difficult to determine and distinguish the driving forces for volume changes, because changes in
condition and demand may occur simultaneously. In SEEA EA, it is recommended to look at the condition
account in order determine whether a change in volume can be related to a condition or demand
change. However, this can be problematic to put into practice for several reasons. First, the focus for the
condition account is usually on the so called intrinsic values. These often do not have a direct
relationship with the amount of services supplied. Second, in practice the condition account requires a
lot of da