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0. EXECUTIVE SUMMARY
0.1. Objective
The objective of this report is to review progress after the first phase of the Knowledge Implementation
Project on the Integrated system for Natural Capital and ecosystem services Accounting (KIP-INCA) and
to explore options for moving forward. The rationale for KIP-INCA and its design together with scenarios
for its implementation, coupled with resource implications, are presented.

0.2. Natural Capital Accounting background
National accounting has become an essential support tool for policy making at EU, national, regional,
local level and for businesses. Including our natural resources and our human capital in this form of
accounting is needed to support smart, sustainable and inclusive growth. It is widely accepted that a broad
range of economic activities are dependent upon natural capital1 but natural assets are not infinite and are
under threat of depletion and degradation as a consequence of economic activity and other drivers of
change.
The 7th Environment Action Programme (EAP) and the EU Biodiversity Strategy include objectives to
develop natural capital accounting (NCA) in the EU, with a focus on ecosystems and their services.
Ecosystem services are the benefits that nature provides to society. Ecosystems services include food
provision, air and water filtration, pollination, climate regulation and protection against natural disasters
such as flooding and many others. Many of these essential services are not visible because they are not
priced on markets and hence not accounted for in current socio-economic decisions. The incorporation of
ecosystems into standard accounting frameworks is essential to mainstream nature and biodiversity in
decision making, and to promote more resource efficient and sustainable choices about our future.
Ecosystem accounting complements the system of national accounts (SNA). It builds on the System of
Environmental-Economic Accounting – Central Framework (SEEA CF) which provides methodological
guidelines for setting up accounts for environmental assets as individual resources such as timber
resources or water resources. The UN SEEA EEA (Experimental Ecosystem Accounting) goes beyond
the central framework to give guidance on setting up accounts that reflect the role of ecosystems and their
services. It is still in an experimental phase but may become a UN standard at a later stage.
Internationally, some countries such as Canada and Australia have started developing natural capital
accounts and work is also proceeding in some developing and middle income countries with the help of
the World Bank and the UN Statistical Division. Most of these ecosystem accounting approaches are in
experimental stages.
At EU level, important results have been achieved under the EU initiative on Mapping and Assessment of
Ecosystems and Services (MAES), as well as on categorising ecosystem services through the Common
International Classification of Ecosystem Services (CICES). The European Environment Agency (EEA)
has piloted land and water accounts, whilst the JRC has gained relevant experience and important
knowledge on modelling ecosystem services. RTD has funded relevant research and innovation projects
that KIP-INCA can build on, such as FP7’s OPERAs, OpenNESS projects or the Horizon 2020 action
ESMERALDA.
Within Member States, progress is also being made on NCA. For example, the Netherlands produced a
comprehensive pilot study on ecosystem accounting for the Limburg province, and is planning to extend
1

see section 1.1 for a definition of 'Natural Capital'
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the approach in 2017 and 2018 to the whole country. The UK developed pilot thematic ecosystem
accounts, and broad monetary valuation estimates at national level. Other Member States also started
work.
However, significant work still needs to be done in order to develop comprehensive EU natural capital
accounts. This is the key objective of this KIP.

0.3. The KIP-INCA project
The KIP-INCA project aims to design and implement an integrated accounting system for ecosystems and
their services in the EU by connecting relevant existing projects and data. The foundation of the system is
a common data platform of geo-referenced information on ecosystems and their services. KIP-INCA
builds on the first phase of MAES work, which aims to map and assess ecosystems and their services in
the EU, and supports the second phase of MAES which aims to value ecosystem services and integrate
them into accounting and reporting systems by 2020. KIP-INCA aims to establish an accounting system
at the EU level, primarily using EU-wide data sources, to support Member States in developing accounts
at national level. Larger scale data at national, regional or local level could be linked to this EU layer for
more detailed analysis and Member States would be able to link their systems into the central EU system.
The KIP-INCA partners are Eurostat, DG Environment (ENV), DG Research and Innovation (RTD), DG
Joint Research Centre (JRC) and the European Environment Agency (EEA). Phase 1 of the project aimed
to review the state of play and to develop a proposal and resource plan for an EU-wide ecosystem
accounting system, which is part of this report.

0.4. Policy implications of KIP-INCA
Natural capital accounts would provide added value in a range of specific policy contexts. This includes
supporting macro-economic policies and greening the European Semester, as it would also facilitate the
development of macro-level physical and/or economic indicators that are consistent with the National
Accounts and thus could complement GDP. These indicators could make more explicit the contribution of
natural capital to economic development alongside financial and social capital. There are also many
potential advantages of using natural capital accounts in sectoral policies. For example in forest policies
accounts can provide tangible and systematic information reflecting the true value of forest ecosystem
services beyond timber production alone. For agricultural, regional and marine policies, accounts can
inform further policy development in a more systematic manner, help better target measures and
investments, or for example help better quantify the contribution of marine ecosystems to Ocean
Governance and the blue economy. Other applications include support for a range of environmental
policies such as the EU Birds and Habitats Directives, the Water Framework Directive and the Floods
Directive, the Marine Strategic Framework Directive, the development of a trans-European network of
green infrastructure (TEN-G), or monitoring the impact of nature-based solutions. In time, natural capital
accounting could help support the Environmental Reporting fitness check. For businesses, KIP-INCA
could provide a concrete framework for their performance reporting, to help measure business
opportunities and dependencies on natural resources, in physical and monetary terms.
Further KIP-INCA work would also provide an EU contribution to the further development of
international guidelines such as UN SEEA EEA, providing a consistent basis for measuring progress at
international level, and providing opportunities for synergies in reporting in a range of contexts, including
on the 2030 sustainable development agenda. By pioneering an EU agreed approach to natural capital
accounting and expanding global knowledge, this also contributes to making the EU 'A stronger global
actor'.
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0.5. Project design
KIP-INCA would be designed to produce accounts of: ecosystem extent (delineating ecosystems and
measuring changes in areas covered by ecosystems); ecosystem condition (capturing parameters that are
linked to essential ecosystem processes, per type of ecosystem); ecosystem service supply and use
(connecting the generation of ecosystem services by ecosystems to the use by economic sectors and
activities, following international classifications), experimental asset accounts (in monetary terms, based
on the net present value of the expected flow of ecosystem services) and capacity accounts (capacity of an
ecosystem to generate ecosystem services under sustainable ecosystem management). Additional thematic
accounts (e.g. land, biodiversity, water, fish) could be considered for specific policy focuses and benefits.
Integrated accounts aim to integrate information from the ecosystem services supply and use, ecosystem
asset account and national accounts (institutional sector accounts and balance sheets). Given that the full
assets and integrated accounts can only be developed once the basic accounts are available, these could
become part of a proposal for a follow-up phase of KIP-INCA, although some first prototypes could be
produced for illustration in phase 2. These types of accounts will support the full integration of ecosystem
accounts into economic decision making at national and EU level.
The data architecture proposed for KIP-INCA involves taking different data sets and integrating them into
a common geospatial platform in a way that will avoid bottlenecks in data processing. This integrated
data platform would enable efficient data sharing and the production of derived data sets and accounting
tables to underpin further analysis.

0.6. Scenarios
Three broad scenarios with increasing level of ambition as regards priorities for moving forward with the
implementation of KIP-INCA until 2020 and associated resource implications are presented. The
scenarios are (1) carrying on with 'business as usual' (BAU), and two levels of increasing ambition,
commitment and engagement: (2) basic KIP-INCA or (3) full (enhanced) KIP-INCA. These scenarios are
summarised below, with detailed strengths and weaknesses included in the technical report.

0.6.1. Business as Usual
This scenario would partially achieve the objectives of KIP-INCA based on 'business as usual', including
only the activities for which each partner is already committed to. Coordination would continue as is
currently the case, relying on the willingness of partners to contribute.
This scenario would eventually deliver a limited set of priority but simplified ecosystem condition
accounts and ecosystem services supply-and-use accounts. Ecosystem extent accounts would be produced
at resolution varying from 30m to 1km, depending on ecosystem and area.
Some monetary accounts would be compiled based on existing JRC methods on the valuation of a
specific set of ecosystem services. All accounts would be based solely on currently existing data sources
including CORINE, Copernicus and LUCAS. Models would not be specifically adapted to KIP-INCA
needs.
This scenario goes some way to realise the potential of NCA in the EU. However, although a minimum
EU wide system would be achieved, it would probably not provide a sufficiently robust EU level
framework to have a significant impact on Member States by 2020, and could lead to a fragmented
approach between the EU level and Member States. The limited set of ecosystem services and ecosystem
condition indicators under this scenario would likely permit only a limited use of ecosystem accounting
results to underpin policy decisions at EU level.
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0.6.2. Basic KIP-INCA
This scenario expands on the business as usual option by adding a dedicated Horizon 2020 project, a
grants programme to national statistical offices, the development of marine ecosystem accounts, and
increased efforts to improve the data situation, models and coverage of ecosystem services for terrestrial
ecosystems. The minimum set of ecosystem services would include a balance of provisioning, regulatory
and cultural services: crops, timber, fish, pollination, water purification, air filtration, carbon
sequestration, recreation and tourism, and to the extent possible also flood protection.
This scenario also requires stronger overall management and coordination through a dedicated Horizon
2020 project officer from RTD, a dedicated KIP-INCA coordinator from Eurostat and an inter-service
steering committee.
The Horizon 2020 programme would launch a call for proposals to implement KIP-INCA at Member
State level, supported by EU level data sources and methodology. Based on an open design, Member
States would test and implement ecosystem accounts at national level based on guidance developed at EU
level. Additionally, calls for proposals would continue to be launched to tackle longer term knowledge
gaps such as on the link between biodiversity and ecosystem function, services and capacity, and
valuation methodologies for accounting.
This scenario starts the stepwise development of marine ecosystem accounts to ensure that the wide range
of ecosystem services they provide in the EU are adequately taken into account. Initial focus would be on
producing extent and condition accounts, before developing marine ecosystem services, based on a prior
feasibility study. Including marine ecosystem accounts would support the implementation of the Common
Fisheries Policy and the Marine Strategy Framework Directive, and contribute to future Commission
priorities such as the Ocean Governance and the blue economy. Marine ecosystems are very important
natural assets for many Member States.
This scenario helps build long term capacity, buy-in and commitment at Member State level. It enables an
effective approach to testing of design and methodologies leading to a robust and harmonised system
across the EU. It also provides added benefits related to improved coverage and data for terrestrial
ecosystems and inclusion of marine ecosystems. However the accounts will remain incomplete by 2020
given that several important regulating ecosystem services will not be included at least in the coming 3 to
5 years.

0.6.3. Full (Enhanced) KIP-INCA
The full (enhanced) KIP-INCA scenario goes beyond the basic KIP-INCA to: (a) work towards a greater
spatial resolution for accounting; (b) consider a greater range of ecosystem services (including regulating
services such as the full inclusion of flood control) and (c) provide more significant grant programs to
build Member States statistical as well as analytical capacity, including with a potential focus on
developing pilot monetary accounts at national level. The result would be more extensive accounts, in
particular with further progress on monetary accounts, and quicker implementation. It would also lead to
EU level accounts for services for which the current models have not yet been developed with the
accuracy required, in particular flood control, water purification, and air filtration.
Incorporating data of better spatial resolution and improving spatial referencing of data would allow
better representation and more accurate accounting of ecosystems and their services, including those
occurring in small areas. Emphasis would be on including Very High Resolution imagery from
Copernicus and developing other ecosystem data at larger resolution, including exploring the use of
GEO/GEOSS data.
Expanding the range of ecosystem services would provide more representative information on the range
and overall value of ecosystem services in operation, with use across a broader range of policy areas. This
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would facilitate more rapid implementation and help mainstreaming of natural capital in key policies at
national and EU level.
The work on valuation and experimental monetary accounts would aim to develop robust and well tested
approaches to valuation and monetary accounts. Such work would be based on producing an overall EU
system, methodology and guidelines to work with Member States that are at different stages of
development. It would include testing ways to deal with possible shortcomings and of handling those
aspects that cannot be monetised. This would ease integration with national accounts and support the use
of ecosystem accounting results for economic decisions.
This scenario would produce the most comprehensive ecosystem accounts, including high resolution of
data, an enhanced number of ecosystem services and progress with the monetary analysis of ecosystem
services for accounting. The result would be ecosystem accounts that more accurately represent the range
of ecosystem services at play. It would also develop the work on valuation in a more comprehensive and
consistent manner across the EU. Correspondingly, the resource implications are the highest.

0.7. Deliverables per scenario overview
Accounts /
Scenario

BAU

Basic KIP-INCA

Full (Enhanced) KIP-INCA

Ecosystem
extent

Yes, at resolution varying
from 30m to 1km
depending upon ecosystem
and area

Yes, partially at a
resolution of up to
10m and integrating
land cover and
ecosystem data

Yes, at resolution of 10m, with
higher resolution (2.5 m) for
specific parts of Europe and
integrating different
ecosystem-related data sets

Ecosystem
Condition

Yes, but only for a limited
set of indicators at low
spatial resolution, for
terrestrial ecosystems only.

Yes, for a more
comprehensive set of
indicators at
improved spatial
resolution for both
terrestrial and marine
ecosystems

Yes, for a complete set of
indicators at high spatial
resolution for both terrestrial
and marine ecosystems and
allowing for enhanced
monitoring of ecosystem
condition in the EU

Ecosystem
services supply
and use

Yes, but only for a limited
set of services for terrestrial
ecosystems (some
provisioning services,
pollination, carbon
sequestration)

Yes, for a more
comprehensive set of
services
(provisioning
services including
fisheries, pollination,
carbon sequestration,
tourism, and to the
extent possible flood
protection)

Yes, for an elaborate set of
ecosystem services
(provisioning services
including fisheries, pollination,
carbon sequestration, flood
control, water purification,
erosion control, air filtration,
tourism, recreation)

Ecosystem
services
accounts in
monetary
terms

Yes, but only for a limited
set of services would there
be development of pilot
monetary accounts (e.g.
water
purification,
pollination, recreation)

Yes, but only for a
limited set of
services would there
be development of
pilot monetary
accounts (e.g. water
purification,
pollination,

Wider set of pilot monetary
accounts.
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Accounts /
Scenario

BAU

Basic KIP-INCA

Full (Enhanced) KIP-INCA

recreation)
Ecosystem
asset accounts
in monetary
terms

No

Experimental work
and prototypes

Yes, including valuing assets
with regards to a their ability
to supply a comprehensive
selection of services & further
steps taken towards the
development of valuation
methods for some of the
regulating and cultural services
that can currently not be
valued

Ecosystem
capacity

No

Experimental work
and prototypes

Yes, methods for analysing
capacity will be further
developed and tested for a
range of services including
regulating services

Integrated
Accounts

No

Some first
exploration

Yes, further experimentation
and testing

Depending on the scenario chosen for phase 2 (2016-2020), it is likely that a phase 3 might be needed,
which would build on the deliverables of phase 2 and develop further incomplete components to work
towards fully developed ecosystem accounts in the EU.

0.8. Management and Governance
Eurostat is prepared to continue coordinating the further implementation of KIP-INCA, with continued
strong involvement of other partners, and with an effective management structure to be put into place to
ensure timely delivery of outcomes.
Regarding interaction with Member States, a flexible structure to engage both MAES and statistical
communities will be developed, using existing bodies where possible. This could include for example
continued parallel interactions with the MAES Working Group and with the Eurostat environmental
accounts Working Groups, combined with e.g. annual workshops bringing together both expert
communities.
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0.9. General roadmap for the full (enhanced) KIP-INCA (scenario 3)
KIP-INCA
components

2017
CORINE & Copernicus

Data
foundation and
architecture

Ecosystem
extent account

Data architecture & pilot tools
developed

2018
Copernicus High Resolution
Layers (HRL) (part)
Integration of LUCAS and
sector statistics in geospatial
platform

2019
Copernicus HRLs (all)

Copernicus HRLs (all)

Integration of reporting data
(Nature directives, WFD) etc.
in geospatial platform

Integrated EU data sets
Integration of Member States
data in geospatial platform

Tier 3 completed (EUNIS x
CORINE + Copernicus HRLs)

Tier 1 completed

Tier 2 under testing

Tier 2 completed

(MAES x CORINE)

Tier 3 under development

(MAES x CORINE x
Copernicus)

 pilot account

2020
(and beyond)

full accounts

Tier 3 under testing
Ecosystem
condition
account

Ecosystem
services
accounts

(Monetary)
Valuation

Methodological approach
consolidated building on MAES
work streams

Application of approach on
basis of available data
 pilot account

Refinement of approach and
improvement of data
foundation on basis of
experience in pilot accounts

Roll-out of refined
methodology and update of
data foundation

Roll-out of refined
methodology and update of
data foundation

Development of first batch of
accounts

Improvement of related
models and data foundation

Updating and development of
remaining batch of accounts

 pilot account

Update of 1st accounts

 updated pilot accounts

 full accounts

 full accounts
Development of methodological
approach

Application to first set of
ecosystem service flows
 first pilot account
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Review and refinement
Application to second set of
ecosystem service flows

Roll-out of refined
methodology
 full pilot accounts

KIP-INCA
components

2017
First pilot EU accounts and
methodologies

Use and
applications

Interaction with
Member States

2018

2019

2020
(and beyond)

Review of pilot EU accounts
and methodologies as input to
policy & Green Economy
discussions, and first
experiments in EU MS.

Use of accounts in analysing
trends in green infrastructure
and marine policies

Horizon 2020 action and
statistical grants: call for
proposals to champion and pilot
work with EU MS.

Horizon 2020 action and
statistical grants: launched to
champion and pilot work with
EU MS.

Horizon 2020 action work and
statistical grants: initial results
published

Horizon 2020 action and
statistical grants: publication
of outcomes

Reporting to MAES WG &
Eurostat Directors group & WG

Reporting to MAES WG &
Eurostat Directors group &
WG

Combined statistical & MAES
working group formed

Statistical & MAES working
group regular meetings

Further technical workshops

2nd EU NCA conference

Use of ecosystem service
accounts as input to CAP review
as far as possible

Workshops on selected technical
issues

1st EU conference on natural
capital accounting
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Use of refined accounts for
better management of natural
capital, e.g. in Natura 2000
areas
Regular production of key
indicators

1. INTRODUCTION
1.1. Accounting for ecosystems and other natural capital
Accounting is a core element of socio-economic decision-making at EU, national, and business levels.
For many countries, national accounts have been regularly compiled for the last 50 years. National
accounts that we know today emerged during the Great Depression of the 1930s. At that time there was
no clear measure of overall economic activity and instead policy-makers had to make their choices based
on a mixture of information on variables such as foreign trade, manufacturing orders and employment
data.
The first international standard for national accounts, the System of National Accounts (SNA), was
introduced by the United Nations in 1953. Since then, the ongoing refinement and development of
comparable economic data around the world has underpinned a large number of economic and other
related policies, at national and international level.
There are many definitions of natural capital in the literature. The pragmatic approach for the KIP-INCA
is to follow the definition provided in the 7th EAP: "biodiversity, including ecosystems that provide
essential goods and services, from fertile soil and multi-functional forests to productive land and seas,
from good quality fresh water and clean air to pollination and climate regulation and protection against
natural disasters." As highlighted in the 1st objective of the 7th EAP, the Union’s economic prosperity and
well-being is underpinned by its natural capital.
Including our natural resources and our human capital in accounting is a vital step to achieve economic
growth that is equitable and sustainable. Today, it is widely accepted that a broad range of economic
activities are dependent upon natural capital and natural resources. However, these so-called
"environmental assets" are not infinite and are in addition under threat of depletion and degradation as a
consequence of economic activity.
Therefore, incorporating information on environment and ecosystems into standard accounting
frameworks is an essential element in mainstreaming environment and scarce resources in socioeconomic decision-making and broadening the evidence base for sustainable development. The
contribution of natural capital to economic development can be made explicit alongside produced or
manufactured capital and links can be made to social advancement, employment and national wealth.
Natural Capital Accounting (NCA) is a tool to measure the changes in the stock and condition of natural
capital at a variety of scales and to integrate the value of ecosystem services into accounting and reporting
systems. From NCA one can develop macro indicators that provide relevant environment-related
information alongside GDP and employment. NCA would mainstream biodiversity and ecosystems in
economic decision-making and ensure that natural capital continues delivering ecosystem services to our
economy and society in the long term. Overall, it should contribute to the better management of the
Union’s natural capital.
Society depends on ecosystems and the services they provide. The ecosystems approach2 goes beyond
looking at natural resources such as water, minerals or timber as separate commodities. Ecosystem
2

The Conference of the Parties to the Convention on Biological Diversity, at its Fifth Meeting, endorsed the
description of the ecosystem approach and operational guidance and recommended the application of the principles
and other guidance on the Ecosystem Approach (decision V/6). The seventh meeting of the Conference of the
Parties agreed that the priority at this time should be on facilitating implementation of the ecosystem approach and
welcomed additional guidelines to this effect (decision VII/11). See https://www.cbd.int/ecosystem/
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services are the multiple benefits that nature provides to humanity – and these depend directly on the
well-functioning of ecosystems, based to a large degree on the diversity of species, their abundance and
their interactions.
Ecosystems provide direct benefits, such as food provision, but also indirect regulation services which are
essential for ensuring long-term well-being, such as soil formation and retention, oxygen production,
carbon sequestration, air and water filtration, pollination and climate regulation and protection against
natural disasters such as flooding and many others.
Ecosystem-based approaches are increasingly relevant in security studies, such as those that examine
global risks associated with biodiversity and ecosystem collapse. Thus in many ways, environmental and
ecosystem accounting could help strengthen the evidence base for better informed socio-economic
decision making and also potentially help avoid environmental and related economics collapses in the
future.
It should also be clear that there are limitations in the use of natural capital accounting for decision
making. Traditionally accounting shows measures of economic activity and the system of national
accounts is based on market exchange values only, as opposed to measuring social welfare and
externalities. This excludes consumer surplus (the difference between what consumers are willing to pay
and what they actually pay) which would normally be considered in cost-benefit analyses.

1.2. Ecosystem accounting
Building on the biophysical description of ecosystem extent and condition, ecosystem accounting
integrates the flows of services from these ecosystems that contribute to economic and other human
activity. Ecosystem accounting complements, and builds on, the accounting for environmental assets as
described in the international System of Environmental-Economic Accounting – Central Framework
(SEEA CF, see Section 2).
In the SEEA CF, environmental assets are accounted for as individual resources such as timber resources,
soil resources and water resources. In ecosystem accounting, the accounting approach recognises that
these individual resources function in combination within a broader system, and a much broader set of
natural resources is considered, with a specific focus on the supply and use of ecosystem services.
Accounts of some ecosystem services have been developed in an experimental fashion in some EU
Member States such as the UK, France, Germany and the Netherlands (see Section 3.1). One example
from the Limburg Province in the Netherlands shows the contribution of these services in biophysical
terms and also in monetary terms. Such estimates can be used to compare with other forms of economic
activity in the region and to see trade-offs and opportunities – for example showing the relative monetary
importance of the provision crops, drinking water and tourism (see Annex 2).
It should be borne in mind that many of these ecosystem accounting approaches so far are still in
experimental stages, and it is likely that many will need to be revised and refined – for example by
refining valuation methods and expanding the range of services that are included, as discussed in Section
0. However, such work does illustrate that the protection of nature is not only important in its own right,
but also provides direct economic benefits to business, government, and households. The use of this type
of information for policy is illustrated in Section 4.
As yet there are no comprehensive accounts of ecosystem services and their valuation at EU level – and
this constitutes one of the core challenges of the KIP-INCA work proposed.
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1.3. Policy context and the aims of KIP-INCA
Establishing a sound method for NCA with a strong focus on ecosystems and their services is a key
objective of the 7th Environment Action Programme (EAP) and of the EU Biodiversity Strategy to 2020.
However, significant work needs to be done in order to develop full EU natural capital accounts. This is
one of the key objectives of this Knowledge Innovation Project (KIP).
The KIP on an Integrated system for Natural Capital and ecosystem services Accounting (KIP-INCA)
aims to design and implement an integrated accounting system for ecosystems and their services in the
EU by connecting relevant existing projects and data collection exercises to build up a shared platform of
geo-referenced information on ecosystems and their services. It builds on the biophysical work
undertaken in the first phase of the EU MAES initiative and in its second phase aims to value ecosystem
services and integrate them into accounting and reporting systems by 2020.
In order to enable ecosystem accounting at EU scale, the KIP-INCA accounting framework requires an
operational geospatial data infrastructure that pulls together geospatial information about ecosystems
from various sources. KIP-INCA could help to make these data sources consistent in terms of update
cycles, spatial resolution, thematic scope, and data policies.
The KIP-INCA will work in a manner that is consistent with UN standards on environmental economic
accounting. The UN System of Environmental-Economic Accounting – Experimental Ecosystem
Accounting (SEEA EEA) provides a framework for testing ecosystem accounting at different levels and
KIP-INCA will use this framework as guidance. The EU will feed the results of KIP-INCA into the
development of an international standard for ecosystem accounting.
The KIP-INCA mainly uses EU-wide data sources. In addition data available at national or local level on
a finer scale could be linked to this EU layer for more detailed analysis. Interested Member States should
be able to link into this EU system.
Bio-physical and economic data related to the extent and condition of ecosystems should be integrated in
a systematic way, so that they can be aggregated and disaggregated at the required scale, including at
national level, to complement figures of economic performance. The project aims to explicitly account for
a wide range of ecosystem services and demonstrate in monetary terms the benefits of investing in nature
and the sustainable management of resources. Macro-indicators would also be developed to assess the
economic importance and value of ecosystems and their services alongside GDP. The outputs should be
useful to a range of policy areas. A number of such policy uses are described in Section 4.
With information about the extent, type and condition of ecosystems, and the quantities and values of
ecosystem services flows the KIP-INCA project will be able to:
 Present a comprehensive overview of the stock of ecosystem assets and related ecosystem service
flows;
 Show interdependencies between natural capital and economic activities;
 Allow measurement of the changes in these elements over time;
 Present information at different scales: e.g. at the scale of ecosystem units, river basins, biogeographic regions but also the regional, national or EU level, and enable the aggregation (or
disaggregation) of information at different scales;
 Provide a reliable basis for decision making on the use of natural resources.
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The project is structured in 2 main phases, a first phase referred to as ‘feasibility and design’ in the
project’s Scoping Paper3 (KIP-INCA Phase 1 from May 2015 – Summer 2016) and a follow-up
implementation phase (KIP-INCA Phase 2 foreseen for 2016 – 2020).
The project partners comprise the following Commission services: Eurostat (ESTAT), DG Environment
(ENV), DG Joint Research Centre (JRC), DG Research and Innovation (RTD), and the European
Environment Agency (EEA).

1.4. Objectives and structure of the report
This report presents the results of KIP-INCA Phase 1 which aimed to study the feasibility of an EU wide
integrated accounting system based on EU data and using UN standards. The two main tasks of KIPINCA Phase 1 were to develop a prototype system using existing data and to reflect on policy
applications of INCA.
The lessons learnt during KIP-INCA Phase 1 were used to make a proposal and resource plan for an EUwide ecosystem accounting system, to be implemented in KIP-INCA Phase 2 (2016 – 2020).
The main outputs of KIP-INCA Phase 1 include presentations of case studies from EU Member States
(see Section 3), an analysis of policy applications of an EU-level accounting system (Section 4), an
assessment of the feasibility based on prototypes for selected accounts using existing data and models
(see Section 5), and the actual proposal for the design of the EU-wide ecosystem accounting system as an
operational system and its data foundation (see Sections 5 and 6). Section 7 treats the governance of KIPINCA. The approach to building the system is presented in three levels of ambition, mainly in terms of
scope, necessary data sources and resource implications, in Section 8.
The report is a joint effort of KIP-INCA partners, i.e. Eurostat (co-ordinator and project manager), ENV,
EEA, JRC and RTD and supported by experts from Wageningen University, led by Prof. Lars Hein. The
report has benefited from consultations with EU Member States with practical experience in ecosystem or
natural capital accounting and Commission Services, other than KIP-INCA partners, who had been
identified as important potential users of the proposed ecosystem accounting system. In addition, the
preparation of the report has also built on existing EU-level work, including the results of the MAES
initiative, and EU-funded research and innovation projects and actions, such as ESMERALDA, (Horizon
2020), OPERAs and OpenNESS (FP7).

2. THE UN SEEA FRAMEWORK
The System of Environmental-Economic Accounting (SEEA) contains the internationally agreed standard
concepts, definitions, classifications, accounting rules and tables for producing comparable accounts on
the environment and its relationship with the economy (UNSD, 2016). The SEEA framework follows a
similar accounting structure as the System of National Accounts (SNA), which is the global standard to
produce statistics on economic production and consumption, and produced capital assets. Gross Domestic
Product is among the indicators that are derived from the national accounts. The alignment of the SEEA
framework with the SNA facilitates the integration of environmental and economic statistics. This allows
understanding the economic implications of changes in the environment using an internationally
comparable measurement framework.

3

https://webgate.ec.europa.eu/fpfis/wikis/pages/viewpage.action?pageId=105094763&preview=/105094763/138
846733/KIP-INCA-ScopingPaper.pdf
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The SEEA is a system for organising and combining spatial, environmental, economic and statistical data
for the derivation of coherent indicators and descriptive statistics to monitor the interactions between the
economy and the environment and the state of the environment to better inform decision-making (UNSD,
2016). At present, the SEEA consists of three parts:
1) the Central Framework (SEEA CF), which was adopted by the UN Statistical Commission as the
first international standard for environmental-economic accounting;
2) Experimental Ecosystem Accounting (SEEA EEA); and
3) Applications and Extensions of the SEEA.
Subsystems of the SEEA framework elaborate on specific resources or sectors, including: Energy, Water,
Fisheries, Land and Ecosystems, and Agriculture. These 'sub-systems' are fully consistent with the overarching SEEA, but provide further details on specific topics and try to build bridges between the
accounting community and the community of experts in each specific subject area.
Ecosystem accounting is a coherent and integrated approach to the measurement of ecosystem assets and
the flows of services from them into economic and other human activity (UN et al., 2015). Ecosystem
accounting complements the accounting for environmental assets as described in the SEEA CF. In the
SEEA CF, environmental assets are accounted for as individual resources such as timber resources, soil
resources and water resources. In ecosystem accounting, the accounting approach recognises that these
individual resources function in combination within a broader system, which is reflected in the inclusion
of a broader set of indicators on ecosystem state and functioning. Furthermore, ecosystem accounting also
includes regulating and cultural services, which are not considered in the SEEA CF. The SEEA CF, on
the other hand, includes non-renewable assets such as oil and gas and mineral resources, as well as data
on economic activities in the environment sector including environmental expenditure.
The alignment with the national accounts as described in the SNA distinguishes ecosystem accounting
from various ecosystem valuation approaches building on the Millennium Ecosystem Assessment such as
the Economics of Ecosystems and Biodiversity (TEEB) and more recently the Intergovernmental sciencepolicy Platform on Biodiversity and Ecosystem Services (IPBES) frameworks.
Advantages are that this brings a consistent set of definitions for key concepts, facilitates applying a
coherent valuation approach and avoiding double counting, and allows comparing outputs from the
ecosystem accounts with economic statistics measured in the national accounts. However this also means
that ecosystem accounts typically do not take into account welfare values and are not designed to support
social cost-benefit analyses, which would normally be based on a broader set of values. Ecosystem
Accounting builds upon the broad range of literature in the field of ecosystem services and ecosystem
monitoring, recent insights in spatial modelling and the increasing availability of spatial data, and the
advances made with natural capital accounting in the statistical and environmental economic communities
– including earlier work by the European Environment Agency (EEA, 2011).
The ecosystem accounting approach is described in the UN SEEA Experimental Ecosystem Accounting
framework (UN et al., 2014) and the recent draft Technical Recommendations for Experimental
Ecosystem Accounting (draft available), and has been applied in a range of case studies in various
countries including Australia (ABS, 2015), and the Netherlands (Remme et al., 2014, 2015; CBS/WUR,
2016), and has also been used in support of the UK National Ecosystem Assessment. Other Member
States with ecosystem accounting initiatives are France, Germany, Italy and Spain (Oviedo et al., 2010).
Some of the European initiatives are briefly described in Section 3.
The main distinguishing features of the ecosystem accounting approach are the following (as adapted
from UN et al., 2015):
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 The SEEA EEA includes accounting for the changes in ecosystem condition (including changes in
biodiversity) and the flows of ecosystem services. Often, measurement of these two aspects of
ecosystems is undertaken in separate fields of research.
 The SEEA EEA encompasses measurement in both biophysical terms (e.g. hectares, tonnes) and in
monetary terms where flows of ecosystem services are ascribed monetary valuations through various
market and non-market valuation techniques. The valuation of ecosystem services also supports the
valuation of ecosystem assets.
 The SEEA EEA is designed to facilitate comparison and integration with the economic data prepared
following the System of National Accounts (SNA). This leads to the adoption of clear measurement
boundaries and valuation concepts and facilitates the mainstreaming of ecosystem information with
standard measures of income, production and wealth that is required for analysis of, for example,
sustainability and green economy issues.
 The SEEA EEA provides a broad, cross-cutting perspective on ecosystems at a country or regional
level. In principle, while many of the concepts can be applied at a detailed level, the intent is to
provide a broad picture to enable integration with the broad picture of the economy from the national
accounts.
The SEEA EEA approach consists of five core accounts, four thematic accounts and four integrated
accounts (see Table 1 for an overview of the core accounts). Typically information is produced both in
maps and in tables, where physical or monetary information may be aggregated for administrative or
physical units.
Table 1: The SEEA EEA ecosystem accounts
Account
Accounts
for
ecosystem assets

Accounts
ecosystem
services

for

Definition

Example

extent

Records ecosystem types which are
defined on the basis of aspects such as
land cover, soils, hydrology and
ecosystem use.

e.g. the extent of temperate
deciduous forest

Ecosystem condition
account

Reflects the state and functioning of
ecosystems, as expressed in a range of
indicators covering such aspects as
vegetation, soils, hydrology.

e.g. percentage organic
matter in the topsoil, or
level of fragmentation of
forest ecosystems

Ecosystem monetary
asset account

Indicates the net present value of the
expected flow of ecosystem services over
a discount period and for a given
discount rate

e.g. the NPV of the
contribution
of
all
ecosystem services of a
specific ecosystem type to
the economy in euro.

Ecosystem services
supply and use table
– physical terms

Reflects the flow of ecosystem services,
expressed in various physical units,
during an accounting period, typically
one year.

e.g. amount of timber
produced in Mediterranean
sclerophyl
forests
or
amount of air pollutants
filtered out of ambient air
by vegetation.

Ecosystem services
supply and use table
– monetary terms

Reflects the flow of ecosystem services,
expressed in euro, during an accounting
period, typically one year.

Ecosystem
account
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The thematic accounts (see Section 0) provide specific information on, respectively land (cover, use, land
cover change and/or ownership), carbon (stocks and flows including sequestration in vegetation and soils
and emissions from ecosystems), biodiversity (species relevant for biodiversity conservation and/or for
ecosystem functioning) and water (stocks, flows and uses, in line with the SEEA Water Framework). The
integrated accounts (see Section 5.8) consist of:
1) Combined presentations;
2) Extended supply and use table;
3) Sequence of accounts for institutional sectors; and
4) National and sector balance sheets.
These accounts combine information from the core accounts and the various accounts of the SNA in order
to provide an integrated picture of ecosystem-economy interactions. Typically they do not require new
data to be collected.

3. RELEVANT INITIATIVES IN MEMBER STATES AND COMPLEMENTARITY WITH EU ACCOUNTS
3.1. Existing work in Member States
The ambition of the KIP-INCA is to provide a platform for the integration of models and data from a
wide range of sources, including data available at Member States level, into a single EU-level information
system. This can only be achieved if data from all sources are compatible.
Exchange of information between KIP-INCA, other initiatives related to natural capital accounting at the
EU level (e.g. ESMERALDA project) and activities at Member State level takes place as part of the EUlevel MAES meetings and KIP-INCA workshops, facilitating coordination and helping maintain and/or
enhance compatibility.
As part of KIP-INCA Phase 1, workshops with Member States advanced in NCA have been organised
with the goal to inform Member States about KIP-INCA and to benefit from ongoing work at country
level. The workshops also confirmed ongoing in several Member States, including France, Germany, the
Netherlands and the UK.
In France, a nation-wide appraisal of ecosystems and their services has been made. It involves a wide
range of stakeholders and aims to assess the condition of ecosystems and the values they produce. As a
parallel exercise, France has been testing the technical guideline of the Secretariat of the Convention on
Biological Diversity, titled ‘Ecosystem Natural capital Accounts: A Quick Start Package. This exercise
will also examine the application of the technical guideline for policy-making.
Germany aims at identifying a national set of ecosystem services indicators. The German approach
separately considers indicators for ecosystem-services supply and ecosystem-services use. This approach
helps disentangle the multitude of factors affecting the provisioning of ecosystem services, including
separating human inputs from natural inputs. It also allows for a better understanding of changes in the
flows of ecosystem services, as changes in their flow can result from changes in human demands but also
from changes in ecosystem condition that impacts on the capacity of ecosystems to provide certain
services.
The Netherlands has explored a regional approach to natural capital accounting for the Limburg
province (see Box 1 and Annex 1), adopting a solid methodology. Physical and monetary accounts for
several ecosystem services, including the production of crops and fodder, hunting, recreational cycling,
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production of drinking water, air quality regulation and carbon sequestration, have been produced for the
Limburg province. The Dutch example shows what can be achieved in NCA in a data-rich environment. It
is also a good example how research results can become operational systems4.
Box 1: Ecosystem accounting for Limburg province
In a comprehensive pilot study on ecosystem accounting conducted for Limburg province, the
Netherlands, Statistics Netherlands together with Wageningen University developed an ecosystem
services supply and use account.
The accounts include eight different ecosystem
services that were mapped and valued in both
physical and monetary units. The figure below
provides an example for one ecosystem service, i.e.
air filtration, defined as the capture of particulate
matter air pollutants by vegetation as function of
vegetation type. This provides a benefit to people
by lowering the exposure of people to air pollutants
compared to a situation without vegetation, which
can be valued on the basis of reduced medical costs
from air pollution related diseases and lost work
days. Other ecosystem services analysed are crop
production, animal fodder production, hunting,
ground water extraction, carbon sequestration and
different types of recreation.
The pilot shows that it is feasible to develop
national accounting conform ecosystem accounts
and can inform policy makers on trends in natural
capital, areas and ecosystem services under
particular threat, and the dependence of each
economic sector on ecosystems.
The information in the accounts can also be used in support of environmental (impact) assessments or
social cost benefit analysis related to specific policies or investments. For instance, in Limburg, the
societal benefits of the new plans for expanding the network for nature conservation were examined using
the ecosystem accounts. More details can be found in Annex 1.
The accounts have the following policy uses, as elaborated in more detail in Annex 1: (i) monitoring of
the status of natural capital; (ii) indicating areas, ecosystem types and ecosystem services of particular
concern for policy makers; (iii) monitoring the status of biodiversity as well as indicating specific areas or
aspects of biodiversity under particular threat; (iv) quick response to information needs; (v) monitoring
the effectiveness of various policies; and (vi) (not elaborated in Annex 1) providing input to economic
policies by showing the dependency of economic sectors on ecosystem capital. With regards to point (vi),
for instance, the European accounts would be able to show areas with a high potential to stimulate and
increase the ecotourism industry (see Annex 2).
The Limburg experience will be extended in 2017 and 2018 to the whole country. It provides physical
accounts with a high level of detail, thanks to the richness of geo-spatial data, but demonstrates also the
limits of current valuation and monetisation techniques, and area where experimentation is still needed.
4

The Limburg case relies, amongst others, on the findings of the European Research Council (ERC) project
“Ecospace”, which Principal Investigator was Dr. Lars Hein.
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The national scale ecosystem accounts to be developed will include an expanded set of ecosystem
services (from the current 8 to 12 services), as well as accounts dealing with ecosystem condition,
ecosystem assets, biodiversity and carbon. The accounts will be developed by Statistics Netherlands and
Wageningen University.
The work in the United Kingdom has used an ecosystem-type approach: it considers a whole suite of
ecosystem services provided by a certain type of ecosystem at the national scale. Ecosystem asset and
ecosystem services accounts have already been produced for woodlands and freshwater ecosystems. A
pilot study on accounts for peat lands has been conducted, and work on accounts for coastal margins and
farmland has been planned for the near future. Although these accounts are preliminary and they are
being improved as new information is obtained, ecosystem accounts in the UK have been found useful for
promoting the concept of natural capital accounting among decision-makers and the public. There is a
strong political commitment to further develop and exploit them in decision-making.

3.2. Existing work at EU level
3.2.1. Mapping and Assessment of Ecosystems and their Services (MAES)
A sound foundation for the development of natural capital accounts and for the second KIP-INCA Phase
2 has been achieved through the work undertaken so far on mapping and assessment of ecosystems and
their service through the EU MAES initiative that works under Target 2 and Action 5 of the EU
Biodiversity Strategy to 2020. The collaborative work of the different MAES partners (including the
INCA partners, Member States, RTD funded research projects, cities and stakeholders) has resulted in
conceptual guidance, data and indicators which can be used for mapping ecosystems and quantifying
ecosystem condition and ecosystem services, in main ecosystems including urban. This material is
available in four MAES reports. In addition, the dedicated institutional support to the MAES initiative
from the EEA and the JRC provides a substantial amount of background material, data, models, and
reports which will become available for INCA.
The working group MAES oversees the implementation of Action 5 of the EU Biodiversity Strategy: Map
and assess the state and economic value of ecosystems and their services in the entire EU territory;
promote the recognition of their economic worth into accounting and reporting systems across Europe.
Since its start in 2012 the working group has developed an analytical framework for mapping and
assessment (first MAES report) which includes a typology for ecosystems and which adopts the CICES
classification for ecosystem services. Ecosystem pilot studies were set up on forests, agro-ecosystems,
freshwater ecosystems, and marine ecosystems to develop indicators at EU and national level for mapping
and assessing ecosystem services (second MAES Report). More recently two pilots on soil and urban
ecosystems have been set up; building on the outcomes of the work undertaken for the last years, mainly
by the European Environment Agency, and JRC. The third MAES report provides an overview about
available information on ecosystem condition and proposes a flexible methodology to assess it; a fourth
MAES report on urban ecosystems was published in May 2016.

3.2.2. EU contribution to the general accounting framework
Europe has made substantial contributions to the development of the UN SEEA since the 1990s, both to
the SEEA CF and to SEEA EEA. The Commission (Eurostat) is one of the institutional partners signing
off on the SEEA CF and SEEA EEA handbooks.
Eurostat is one of the founding members of the UN city group 'London Group', which aims to provide an
informed forum to share practitioners' experience of developing and implementing environmental
accounts. Eurostat is also a member of the UN Committee of experts on environmental-economic
accounting (UNCEEA), which is charged with mainstreaming environmental accounts, making
international standards and advance in the implementation of the SEEA. Europe has been a leading region
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in developing and implementing the accounting framework. Eurostat and the European Statistical System
(i.e., the network of European producers of official statistics) have been engaged in pilot studies since the
2000s, developing methodological aspects (e.g. classifications, products/activities lists, etc.), drafting
practical compilation guidelines according to SEEA, facilitating compilation tools and not least setting up
a legal basis for the production of SEEA-based environmental accounts in Europe. Eurostat continues to
improve the quality of SEEA data with better and earlier estimates, legislation on the format of quality
reports and standards for data transmissions, etc.
As regards the SEEA EEA, Eurostat, as member of the London Group Bureau, has promoted discussions
on experimental ecosystem accounts at international level. The London Group discusses this topic in the
annual meetings in the last years and there have been dedicated sessions since 2013. Other activities
include the participation in methodological development at international level (in particular by Eurostat
and the EEA) as well as practical testing of ecosystem accounting concepts and methodologies, mainly by
the EEA.
DG Environment is engaged in the World Bank project on ‘Wealth Accounting and Valuation of
Ecosystem Services’ (WAVES), via financial support and as a member of its steering group. Furthermore,
DG ENV also provides financial support to the UN Statistical Division for a project to support the
development of ecosystem accounting in Brazil, China, India, Mexico, and South Africa, in cooperation
with UNEP.
As part of the EU MAES imitative, an analytical framework has been developed by the EEA to identify
the capacity of marine ecosystems to generate services and build the first ecosystem accounts for marine
commercial fish stocks and associated flows of marine fish for human consumption. This was an
important input into identifying indicators for marine ecosystem services in the EU and provides a useful
platform for the further development of marine ecosystem accounts (see Section 5.5).
EEA experimental accounts exist for biomass carbon and biodiversity but these still require further testing
and development.
The European Environment Agency has developed the concept of ‘ecosystem capital accounting’ (EEA,
2011), which has informed part of the guidance under SEEA EEA. The European Environment Agency
has also published some accounts that correspond to thematic accounts under UN SEEA (see Section 0).
The most developed of these are the EEA land accounts which are based on CORINE Land Cover (CLC)
and the water quantity accounts that correspond to the concepts set out in SEEA CF.
The EEA has also developed two cross-cutting tools that are important for ecosystem accounting. The
first one is the ‘Common International Classification of Ecosystem Services’ (CICES) that the EEA has
supported since 2009 and for which it is the international custodian organisation. CICES underpins work
on ecosystem services in the EU MAES initiative and is also the classification system that is foreseen for
use under KIP-INCA.
The second cross-cutting contribution is the system of ‘Land Ecosystem Accounting’ (LEAC) that has
been developed on the basis of the first EU land accounts (1990-2000). The results of that work and
subsequent land accounts are made available via a structured, relational database model in order to allow
quick and easy analyses – the ‘LEAC cube’. The databases are publicly accessible through the Internet
and provide users with a ready-made tool for their own land account calculations.

3.2.3. EU wide data production
On the data side CORINE land cover and land use maps based on satellite imagery and its successor
program Copernicus provide vast amounts of earth observation data that are essential for mapping
ecosystems.
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The LUCAS survey5 carried out by Eurostat every three years which is synchronised with CORINE
collects valuable in-situ information on land use and land cover including information on the condition of
ecosystems at more than 270 000 points across all EU member states.
Building on these data sources important work on mapping, assessing and classifying ecosystems and
their services (through Mapping and Assessment of Ecosystem Services, MAES6, CICES7) have already
implemented essential building blocks for an integrated system of accounts at EU level.

3.2.4. The role of European research
The development and implementation of natural capital and ecosystem services accounts are tasks inbetween policy and research. The work done so far at European level would not have been possible
without substantial research efforts that established a solid science-base.
In this context, the European Framework Programmes for research and innovation have invested
resources in the development and operation of natural capital and ecosystem services accounts, often
upon request of DG ENV and/or other Commission services.
Horizon 2020 and its predecessors have also invested in the development of basic knowledge about
biodiversity and ecosystems, through projects such as OpenNESS, OPERAS and ESMERALDA (see Box
2), MARS (on freshwater ecosystems, € 9 million EU contribution, €12 million full budget) or STEP (on
pollination, €3.5 million EU contribution, €4.7 million full budget), amongst others.
Box 2: Research projects on NCA
OpenNESS (“Operationalization of natural and ecosystem services: from concepts to real world
application”; FP7 collaborative project; EU contribution: €9 million; total budget: €11.5 million; end
date: 31/05/2017; http://www.openness-project.eu/ ) This large project (35 partners from 17 countries,
coordinated by the Finnish Environment Institute, SYKE) aims at translating the concepts of ecosystem
services and natural capital into operational frameworks that provide tested, practical and tailored
solutions for informing sustainable land, water and urban management at different scales.
The project combines a sound analysis of the state-of-the-art (for instance, deliverable D4.1, on integrated
valuation of ecosystem services, which cover the existent techniques and analyse their pros and cons)
with the development of frameworks (for example, deliverable D4.2, on valuation methods). This
theoretical background is tested in 27 case studies, from which operational recommendations will be
extracted.
Other work packages analyse the regulatory frameworks in Europe (WP2) and review the linkages
between natural capital and ecosystem services covering data from 690 journals and 13 ecosystem
services. OpenNESS has established strong links and interactions with public and private stakeholders
(policy-makers, enterprises, local residents).
OPERAs (“Operational potential of Ecosystem Research Applications”; FP7 collaborative project; EU
contribution: €9 million; total budget: €11.5 million; end date: 30/11/2017; www.operas-project.eu/):
The project involves 27 partners from 12 countries, coordinated by the University of Edinburgh. Its
objective is to close the gap between the wealth of ecosystem science and its practical application in
policy- and decision-making practice. Its analyses whether, how and under what conditions natural capital

5

LUCAS stands for the Land Use and Coverage Area frame Survey.

6

http://ec.europa.eu/environment/nature/knowledge/ecosystem_assessment/index_en.htm

7

www.cices.eu
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and ecosystems concepts can move beyond the academic domain towards practical implementation in
support of sustainable ecosystem management.
Amongst the main results achieved so far, OPERAs has delivered reviews on monetary and socio-cultural
valuation methods, is complementary to the analysis done by OpenNESS and useful for KIP-INCA.
OPERAs is leading to a large number of publications, accessible in the project’s website.
OpenNESS and OPERAs closely collaborate in the development of a common platform named as Oppla
(www.oppla.eu), which combines resources derived from both projects and has the ambition to be a
platform for co-design and collaboration that facilitates the matching between users and producers in a
sort of marketplace for products and services. Test cases on the operationalization of natural capital and
ecosystem services will be available, and Oppla could serve to communicate the cases of the KIP-INCA.
ESMERALDA (“Enhancing ecosystem services mapping for policy and Decision making”; Horizon
2020 Coordination and Support Action; EU contribution: 3€ million; total budget: 3.1€million; end date:
31/07/2018; www.esmeralda-project.eu/):
This project is a Horizon 2020 coordination and support action (CSA), with 25 partners led by the Kiel
University. It aims at ensuring the timely delivery to EU member states in relation to Action 5 of the
Biodiversity Strategy, supporting the needs of assessments in relation to the requirements for planning,
agriculture, climate, water and nature policy. Being a CSA, it is less focused on producing novel
knowledge than OpenNESS and OPERAs. Its methodology capitalises on existing natural capital and
ecosystem services projects and databases (e.g. OpenNESS, OPERAs, national studies).
ESMERALDA has been designed to support Member States involvement in the EU MAES initiative, and
benefits from the FP7 research projects such as OpenNESS & OPERAs. It provides support to member
states to elaborate their ecosystem services mapping and assessment. The deliverable: “Economic
Assessment Methods and Applications”, currently in its initial draft, provides an overview of economic
methods for the assessment of ecosystem services (including ecosystem accounting). It will be tested in a
case studies and a final guidance on the strengths, weaknesses and ‘tier’ of each approach will be
available by the end of the project. Another important expected outcome of the project is the
identification of stakeholders and expectations vis-à-vis the EU, national and regional authorities.
The ERA-NET BiodivERsA8 Co-Fund Call 2015 on understanding and managing biodiversity dynamics
improving ecosystem functioning and delivery of ecosystem services, has selected 26 projects for a total
funding amount of over 33 Million euro. Valuation is one of the areas covered by the ERA-NET
BiodivERsA (2010-2011 joint call on biodiversity and ecosystem services, and their valuation9), with
projects co-funded by the EU and Member States. BiodivERsA is drafting a Strategic Research Agenda
where valuation plays a key role. Other relevant EU research investments include those under Societal
Challenge 2, with a focus on agriculture and forestry10.
Last but not least, DG RTD represents the European Commission as one of the four co-chairs in the
Group on Earth Observations (GEO). GEO is an intergovernmental partnership of more than 100
governments and 90 participating organisations, which coordinate their strategies on Earth observation
and implement a Global Earth Observation System of Systems (GEOSS). By 2015, more than €260
million have been invested through FP7 and Horizon 2020 to support more than 60 projects.

http://www.biodiversa.org/
http://www.biodiversa.org/79
http://www.provide-project.eu/#wps-section

24

GEO/GEOSS is a potential source of geospatial data for the KIP-INCA11, since one of the 8 GEO Societal
Benefit Areas deals with "Biodiversity and Ecosystem Sustainability". GEO is also supporting the socalled “Citizens Observatories”, community-based environmental monitoring and information systems
embedded in portable or mobile personal devices. The EKC’s KIP on Citizens Science is already
capitalising on the results of such R&I projects. They are a potential source of data for in situ data
collection.

3.2.5. Review of work related to land-based ecosystems
Through its support to MAES, the JRC has gained relevant experience and important knowledge on
mapping ecosystems and mapping and modelling ecosystem services. This knowledge base is developed
by several units of the JRC and can be applied for developing ecosystem accounts as well as ecosystem
services accounts (see also Annexes 3 and 4).
A JRC study (2015)12 published in 2015 can be considered as a first pilot account of ecosystems and their
services at the European scale. In particular, changes observed between 2000 and 2010 in the extent of
ecosystems, as derived from different land cover and land use data, and the supply or use of ecosystem
services were reported. Urban area and forests were observed to increase in area while the area of
cropland and grassland decreased. Changes in the other ecosystem types were smaller. The report
described increasing trends in several provisioning and regulating ecosystem services which are
presumably driven by a complex interaction of changes in agricultural production, afforestation, higher
ecosystem productivity and increased protection of nature. Pollination and habitat services were found to
decrease (see Box 3 for a pollination account at EU level).
Whereas this JRC study is one of the first attempts to assess time trends of ecosystem services at EU and
Member State level, it still lacks the necessary rigour which is required for accounting purposes. Much
progress has been made though since the start of KIP-INCA in 2015. Two concrete examples are the
application of high resolution earth observation data to assess time trends of water bodies and the
development of a proto-type account for water purification services at EU scale. The latter study, which is
submitted to a scientific journal, reports a case study of integrated ecosystem and economic account based
on SEEA EEA. It presents a stock and flow account, in physical and monetary terms, for the ecosystem
service water purification at EU and country level over a 20-year time period (1985-2005). The study uses
nitrogen as indicator for water quality. Rivers, lakes and wetlands can process, retain and remove excess
nitrogen in a similar way as water treatment plant. The difference is that ecosystems do it for free. Using
different physical and economic models the study calculates how much in-stream nitrogen is retained by
the European river network, what are sustainable service levels to continue delivering the service and how
net present value can be used to estimate the capacity of river ecosystems to perform this ecosystem
service.

11
12

www.geoportal.org
Maes et al. (2015). Mapping and Assessment of Ecosystems and their Services: Trends in ecosystems and
ecosystem services in the European Union between 2000 and 2010. EUR 27143 EN.
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Box 3: EU case study – Accounting for pollination
The productivity of many agricultural crops depends on the presence of pollinating insects and the
ecosystems that support insect populations. While cereals do not profit from pollination, important fruit,
vegetable, nut, spice, and oil crops do. The demand for pollination services is generated by the decision of
the farmer to plant crops, which profit from pollination. At this point, wild pollinators deliver economic
value which can be measured (or modelled) and accounted for.
How to quantify and account for pollination?
Forest edges, grasslands rich in flowers or riparian areas are ecosystems which offer suitable sites for wild
pollinator insects such as honey bees, bumblebees and butterflies. As soon as these insects start foraging,
ecosystems that host these insect populations have the potential to increase the yield of adjacent crops that
are dependent on insect mediated pollination. This can be modelled using the JRC's territorial modelling
platform LUISA13.
Accounts for crop production, pollination potential and yield gap
In 2000 farmers across the EU harvested more than 18 million metric ton of crops which are dependent on
insect pollinators. Ten years later this value had increased with 6% to 19.5 million ton. Also the yield gap,
the percentage of crop production that would be lost in absence of insect pollination, increased. In this
period pollination potential was estimated to decrease across all ecosystem types but urban areas. Net loss
of the area of grassland and heathland has reduced habitat for pollinator insects and has lowered wild
pollination potential.
Table 2: Example of pollination service account
Yield of dependent crops (1000 ton)
Year

2000

Change in 2010

2000

Change in 2010

Yield gap (% )
2000

Change in 2010

25.8%

 2%

16,4  +4%

Urban areas
Cropland

Pollination potential (between 0 and 1000)

18 312

 6%

30,3  -4%

Grassland

63,1  -27%

Woodland and forest

62,5  -28%

Heathland and shrub

178,4  -41%

Sparsely vegetated land

43,5  -82%

What can we learn from this account?
Between 2000 and 2010 demand for pollination services has increased while supply decreased. This gap
has to be filled with managed pollination (managed honey bees or bumblebees). Cost savings for farmers
are possible if wild pollinators are present to support crop pollination.
In addition, several other direct contributions to MAES are available which are highly relevant for the
further development of ecosystem services accounting. Of particular interest are:
 Guidance on mapping and assessment of forest ecosystem services: The report14 illustrate by means
of a series of case studies the implementation of mapping and assessment of forest ecosystem services
in different contexts and at three geographical levels: i.e. regional, national and European-wide. It
13

Grazia Zulian, Joachim Maes* and Maria Luisa Paracchini Land 2013, 2(3), 472-492; doi:10.3390/land2030472

14

http://publications.jrc.ec.europa.eu/repository/handle/JRC98777
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contains methodological aspects, data issues, approaches, limitations, gaps and further steps for
improvement are analysed for providing good practices and decision making guidance from the
experience gained.
 Indicators of biodiversity in agro-ecosystems: insights from Article 17 of the Habitat Directive and
IUCN Red List of Threatened Species. The report15 is a useful illustration of how Art.17 assessment
data can be used for mapping ecosystem condition of cropland and grassland.
 Assessing water ecosystem services for water resource management. This article16 develops an EU
wide framework linking ecosystem condition to ecosystem services in freshwater ecosystems.

3.2.6. Review of experience with marine ecosystems and their services
The development of the SEEA EEA has focused on terrestrial ecosystems. This means that no direct
methodological guidance is available under SEEA EEA for developing bio-physical ecosystem assets and
ecosystem service accounts for marine ecosystems, reflecting the particular challenges posed by marine
ecosystems. However, the importance of marine and coastal ecosystems and the services they provide
across the entire provisioning, regulating and cultural service spectrum has been recognised since the
Millennium Ecosystem Assessment. Furthermore, a substantial amount of work has gone into describing
and analysing marine ecosystems and their services around the globe and in Europe over the last decade
(cf. Liquete et al., 2013) which can be considered as a sound basis to start developing marine ecosystem
accounts. Here the main developments are briefly summarized.
A paper written mainly by staff of the JRC (Liquete et al., 201317) reviewed and summarised existing
scientific literature related to marine and coastal ecosystem services (MCES) with the aim of extracting
and classifying indicators used to assess and map them. This found 145 papers that specifically assessed
marine and coastal ecosystem services from which 476 indicators could be extracted. The majority of the
case studies was found in mangroves and coastal wetlands and was mainly concentrated in Europe and
North America. This review summarised the state of available information related to ecosystem services
associated with marine and coastal ecosystems that is directly applicable to Europe. The cataloguing of
MCES indicators and the integrated classification of MCES provided in this paper establish a background
that can facilitate the planning and integration of future assessments. In addition, the paper also provided
recommendations how to improve existing ecosystem service classifications to make them more suitable
for the marine context.
The second MAES report (Maes et al., 201418) developed a first review of ecosystem service indicators
that would be applicable to the main ecosystem types in Europe. This comprehensive review also
included four marine and coastal ecosystem types for which 33 potential ecosystem service indicators
were identified. In addition, the JRC has mapped 30 CICES marine ecosystem services categories19.
Together with an EEA pilot study on marine fish stock accounts this work can be a starting point for
developing at least some selected ecosystem service accounts at European level.

15

http://publications.jrc.ec.europa.eu/repository/handle/JRC97800

16

http://www.sciencedirect.com/science/article/pii/S1462901116300892

17

Liquete et al (2013): Current Status and Future Prospects for the Assessment of Marine and Coastal Ecosystem
Services: A Systematic Review’; PLOS One.

http://publications.jrc.ec.europa.eu/repository/handle/JRC93906
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These maps constitute a crucial basis for the development of marine capital accounts. Furthermore, the
recent ‘State of European Seas’ report (EEA, 2015) provides a comprehensive overview of the status of
all European seas, based on reporting under EU directives. This provides a good baseline which official
data are available to build physical asset accounts on extent and condition of European marine
ecosystems.
In March 2016 the EEA organised a workshop on ‘Developing an EU Ecosystem Accounting System –
Focus on marine ecosystems’ together with the French Ministry for the Environment in Paris. The
workshop was held as part of the KIP-INCA project and served as a rapid assessment of options for
marine ecosystem accounting and the knowledge required to implement them. The workshop focused on
the biophysical dimension of ecosystem accounting, i.e. accounts for ecosystem assets and ecosystem
services rather than monetary accounts.
The workshop participants concluded that the SEEA EEA guidance on ecosystem accounting can be
applied to the design of marine ecosystem asset and services accounts - even though some adjustments are
likely required for adapting the accounting concept to marine systems. For instance, the (seasonal or
daily) mobility of species in the water column creates a specific analytical challenge. Furthermore, the
three-dimensional nature of marine ecosystems was discussed as an additional challenge for constructing
accounts on ‘ecosystem extent’ in the water column.
Nevertheless, even in the short-term, existing data and knowledge (through a few case studies) are
considered sufficient to begin with the development of first marine ecosystem accounts. Case studies
were seen as a good option for moving marine ecosystem accounting forward. Starting to build up such
‘pilot’ accounts would allow identifying data and knowledge gaps, and provide feedback in a longer term
perspective.
In the medium-term perspective, some new possibilities were identified such as the use of remote sensing
and modelling for monitoring the condition of some ecosystem components. Further investment into
collecting ecosystem-related data for marine systems would allow constructing more detailed and
convincing marine ecosystem accounts than feasible with current data.
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4. POLICY APPLICATIONS AT EU LEVEL
This Section outlines some of the ways in which Natural Capital Accounting (NCA) and a system such as
INCA could provide added value in a range of specific policy contexts. This is based on what, in
principle, such a system could provide. To develop this work further, greater interaction with specific
policy areas will be needed to help ensure that NCA approaches could be co-developed, adapted and used
in a number of policy areas in the longer term.

4.1. Macro-economic policies and indicators at EU level
Accounting can make the contribution of natural capital to economic development explicit alongside
produced or manufactured capital and human capital, as well as making clear links to social advancement,
employment, and national wealth. In this way NCA provides important input to macro decision-making at
regional, national or EU level. Policies and examples of how NCA can contribute at EU level include:
Green Economy, Growth and Jobs, EU Annual Growth Surveys, Europe 2020 Strategy and its potential
follow-up:
 Highlight the economic values of natural capital (stock and flows) such as the monetary values of the
economic goods and services produced in a specific year or in a specific sector, alongside other
economic information.
 Enable the identification of opportunities and trade-offs at national or EU level between key economic,
social and environmental priorities.
 Evaluate investment and policy options in a way that better reflects true costs to society and directly
addresses externalities, when including accounts of exchange as well as welfare values.
 Provide concrete information to contribute to the Greening of the European Semester and Europe 2020
and its potential follow-up.
Development of macro-indicators alongside GDP:
Box 4: What are macro-indicators and what exists for natural capital?
Macro-indicators provide aggregated information that is periodically released, most often at a national,
EU or international level. A common example of a macro-indicator from the field of economics is Gross
Domestic Product (GDP) that presents total national economic output. Other examples include inflation,
employment and population.
A macro-indicator for natural capital would inform decision makers by providing an aggregated
assessment of the 'state of nature' (in physical and/or monetary terms) to be used in comparison alongside
other socio-economic indicators.
Macro-indicators for natural capital have yet to be fully developed and used in a widespread way. Some
national-level macro-indicators for ecosystem performance have however been developed. For example,
Scotland has developed the Natural Capital Asset Index (NCAI)20 to monitor changes in natural capital
and better inform decision making. Launched in 2011, the NCAI monitors the quality and quantity of

20

Scottish Government, 2015. Natural Capital Asset Index. Webpage, available from:
http://www.gov.scot/Topics/Environment/Countryside/Landusestrategy/Monitoring/Indicator5
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terrestrial habitats, according to their potential to deliver ecosystem services now and into the future.
Similar approaches exist in the Norwegian Nature Index21. The UK produces national-level monetary
values of ecosystems.
 Accounts provide a solid and systematic basis on which to develop macro-indicators of natural capital
either in physical or monetary terms. Macro-indicators could be based on aggregates of national
accounts, ensuring consistency, reliability and comparability at EU level.
 This can lay the foundations for the development of new macro-indicators that can inform decisionmaking alongside, or in combination with, GDP or other macro indicators.

4.2. Sectoral policies
NCA can contribute to the better understanding, articulation, and accounting of the range of services that
ecosystems provide (provisioning, regulating and cultural). These services stand alongside those typically
accounted for, such as the provision of timber or food, and need to be explicitly taken into account. Some
benefits cut across several sectoral policies due to the nature of the ecosystem service, or have co-benefits
from one policy area to another (e.g. peri-urban forests might, in addition to providing air and water
purification services, also contribute to mitigation and adaptation). Natural Capital Accounting can help
identify these synergies, as well as potential trade-offs.
An issue which is also cutting across sectors is the issue of the distribution of costs and benefits of
ecosystem services, and the challenges and opportunities of designing payment for ecosystem services
schemes. NCA could demonstrate potential new income sources for land owners (for example in the
forest sector).
Finally, NCA can contribute to the development of consistent and streamlined forms of reporting across a
range of policies and at different stages of the policy cycle: planning and development, monitoring and
review, and at a range of different spatial scales, including at regional, national or at EU level.
Specific examples of policies to which NCA can add value are presented below.
Environmental policies:
 (The 7th EAP, the EU Biodiversity Strategy and the Birds and Habitats Directive, the Water
Framework Directive, The Marine Strategic Framework Directive, the Soil Thematic Strategy, air
quality policy, the circular economy):
 Explicitly account for the range of ecosystem services and demonstrate in monetary terms the benefits
of investing in nature, biodiversity, water and air quality and the sustainable management of resources.
 Provide a common reference basis to help assess progress towards targets related to ecosystem
restoration, such as Target 2 of the EU 2020 Biodiversity Strategy to restore 15% of degraded
ecosystems (which translates Aichi biodiversity target 15 of the CBD's strategic plan for biodiversity
2011-2020).
Box 5: Developing ecosystem accounts for protected areas in England and Scotland
A joint study from the Department for Environment, Food and Rural Affairs (UK) and the Scottish
Government (201522) covered ecosystem accounts for protected areas in England and Scotland. The study
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had main aims to both test ecosystem accounting methodologies and inform resource management
decisions within protected areas, with implications for policy.
Ecosystem accounting for protected areas
Three interrelated accounts were created: asset (comprising extent and condition), physical flow and
monetary accounts. Accounts were split into 6 broad ecosystem types (woodland; enclosed farmland;
semi-natural grassland; open waters, wetlands and floodplains; mountains, moorlands and heaths; coastal
margins) within each protected area. Asset, physical flow and monetary flow accounts were created for all
and then totalled. Where time-series data was held for indicators, changes were shown over time.
Policy implications for protected areas
Through informing resource management within protected areas, the ecosystem accounts can have
implications for related policy. It was recognised that the authorities responsible for protected areas may
know that the ecosystem they manage is valuable, but ecosystem accounts can help improve the
communication of wider benefits in economic terms to other parties. Accordingly, the study identified
possible policy implications for ecosystem accounts of protected areas including:
 Promoting understanding and awareness amongst stakeholders of the value provided by an area,
including management authorities and the wider public;
 Creating public support for an ecosystem and its services;
 Influencing legislative decisions or securing funding, for example through targeting habitat
enhancements to increase flows of ecosystem services;
 Improving the evidence base for decision-making in the protected areas themselves – including
finding appropriate balances for competing priorities;
 Identifying opportunities to enhance the ecosystem functionality of different spaces within an area
to maximise the delivery of all ecosystem services.
 Exploring innovative mechanisms for revenue generation – for example payments for ecosystem
services, biodiversity offsetting, user fees or helping the narrative to promote visitor donations;
Relevance for EU policy
With existing reporting requirements within the EU for protected areas such as Natura 2000, data held for
protected areas has the potential to be of a higher quality than other areas. Accordingly, protected areas
could be a thematic focus for further analysis, experimental accounting or even staggered implementation.
Further consideration is required before any such conclusions are made.
Forest management (EU Forest Strategy):
 Tangible and systematic information reflecting the true value of forest ecosystem services beyond
wood production alone such as: carbon sequestration, water filtration, soil retention, flood avoidance,
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& Silcock, P. (2015), ‘Developing ecosystem accounts for protected areas in England and Scotland: Main
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tourism and leisure and air purification. For example, UK estimates from national forest accounts and
associated services indicated that the value of a tree is worth fifteen times its value in timber (see inset
box). Similar work carried out in Germany, Spain or by EU-funded research projects indicated similar
magnitudes.
 Provide systematic input into forest-related policy making and into forest land use planning and
management decisions.
 Demonstration of potential new income sources through 'Payment for Ecosystem Services' schemes
for land owners. These would also involve less dependence on timber market volatility, since the value
would be spread across a number of forest services, rather than solely timber.
Box 6: The Value of a Tree: ecosystem services in UK woodland
The UK Office for National Statistics (ONS, 201523) studied the values of UK woodland ecosystems. The
study considered three ecosystem services (timber production, carbon sequestration and recreation),
calculating monetary flows for them. The results are presented in the graph below.

Notes: prices are in 2013 constant prices
Initial estimates from the monetary services account indicate that the value of timber removed is only a
small part of the total value of ecosystem services provided by UK woodlands. The first published results
show that in 2009 to 2013 the value of a tree was roughly 15 times that of its timber value (with values
ranging from 24 times to 14 times), based on only three ecosystem services. Work is ongoing to firm up
these figures.
Agricultural and Regional polices:
 Provide information in a systematic manner for future policy reviews;
23

Office for National Statistics, 2015. Statistical Bulletin: UK Environmental Accounts 2015:
http://www.ons.gov.uk/economy/environmentalaccounts/bulletins/ukenvironmentalaccounts/2015-07-09/pdf

32

 Numerical illustrations of the benefits of investing in more sustainable forms of farming, connecting
landscapes and increasing biodiversity, or of green infrastructure approaches to regional development;
 Provide a sound basis for specific analyses at regional or more local scales, and provide authorities
with a wide range of environmentally-favourable options to choose from;
 Help better target investment in projects or measures by including a wider range of values related to
ecosystems;
Marine Policies (MSFD, CFP, Blue Economy, Ocean Governance):
Natural Capital Accounting of marine ecosystems can help to quantify the contributions of marine
ecosystems to blue growth in a systematic manner. This could include a range of marine ecosystem
services including: provisioning services, such as fish provision or the development of medical products;
regulating services such as coastal resilience and protection, carbon sequestration and oxygen production;
and cultural services such as leisure and tourism activities. In particular, the valuation of these services,
where possible, can be useful in understanding relative contributions of ecosystem services to the blue
economy.
 Help in demonstrating opportunities and trade-offs in marine socio-economic decision-making, for
example trade-offs with other main marine economic areas (mineral extraction, transport,
manufacturing and tourism) as well as trade-offs and opportunities with regard to job creation.
 Accounts of condition or capacity can help indicate levels of sustainable use of marine ecosystems.
 Contribute to develop a systematic approach to developing and representing information about marine
assets and the state of the oceans.
Box 7: NCA: contributions to Blue Economy
Estimates of UK Natural Capital Accounts24 show that the ecosystem service of marine carbon
sequestration is dominated by the “North Sea Carbon Pump” which sequesters around 2 million tonnes of
carbon annually (around 7mt CO2e for marine systems compared to 12.5mt CO2e for woodland). This
indicates the relatively high importance of marine systems in carbon sequestration compared to landbased forest sources. Furthermore, based on UK accounts, estimates of the annual value of marine carbon
sequestration is £490m, in addition to recreational values of £400m.
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Image source: Data from IFREMER, graphic from Yann Suche, AAMP.
Work in France on ecosystem service accounts in the region of St Malo25 have shown the relative
importance of leisure services (such as onshore and offshore recreational fishing, hiking, recreational
boating and others) have a significant contribution to the economy compared to the value of fish ladings.
This illustrates that cultural services can be at least - if not more - important than provisioning and is also
consistent with estimates of the importance of coastal tourism - for example, 45% of nights spent in paid
accommodation within the EU are spent in coastal municipalities.
Urban and land use planning and Environmental Impact Assessment Directive:
 Provide a concrete basis for evaluating land-use planning decisions. For example:


25

Planning plantation woodland areas nearer to urban areas because of air and water purification
services and leisure and health benefits.

Martin, J-C., Mongruel, R. and Levrel, H. 2015. A household production and consumption function for marine
recreational activities using cultural ecosystem services. An accounting approach for the Gulf of Saint-Malo
(France). Amure Publications, Working Papers Series D-39-2015. Available online: http://www.umramure.fr/electro_doc_amure/D_39_2015.pdf
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Planning the creation of wetlands in suitable areas, thus increasing water quality for human
consumption;



Informing trade-offs in urban planning in areas with high value ecosystem services and high
density populations, etc.

Climate Change Policies:
 Numerical values of contribution to mitigation ecosystem services, such as carbon absorption due to
oceans, peat lands, and forests, and contributions to valuations of nature-based adaptation strategies.
For example, it has been estimated that the annual UK accounting value of marine carbon
sequestration is £490m.
 Costs, benefits and investment opportunities at local, regional or national level of nature-based
solutions for climate adaptation strategies, such as nature-based coastal or flood protection schemes
(for example, the restoration of wetlands and flood plain instead of resorting to more costly high-tech
solutions). To include demonstrating financial implications for insurance companies and public
budgets.
Health and well-being polices:
 Provide the basis for estimating the benefits of nature and ecosystems to human health at macro level,
whilst having potential implications for health care policies and their review at national and EU level.
For example, assessing the contributions to premature death reductions and health care costs by
improving air quality and introducing more green spaces in urban areas.
Flood risk management:
 Present and quantify the contributions of a number of ecosystems services to flood risk management,
and using accounts to advise on flood risk status and identify when action may be required. See box 6
as an example of the contribution of forest other services to mitigating flooding.
 Land use change can have impacts on flood risk. NCA provides a framework to monitor land use and
the ecosystem's ability to perform services over time and to flag areas for potential concern. For
example in England26 or Scotland27, planning systems exist to prevent any developments that would
increase the probability of flooding. NCA could provide evidence to adhere to such planning systems.
 Provide methods to monitor and enhance understanding of the possible trade-offs between flood risk
management and other ecosystem services. For example, in wetlands the low water levels that provide
flood storage potential comes at a trade-off to CO2 emission reductions, the preservation of
archaeological features and other factors.
Box 8: NCA and flood risk management
The European Environment Agency (2015)28 considered the role of forests in helping to manage flood
risk. Through retaining excess rainwater and lessening, or even preventing, extreme run-offs forests
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provide ecosystem services that can reduce the impacts of floods. The study presents findings from
65,000 catchments across Europe. In comparison with water basins with forest cover of 10%, total water
retention is 25% and 50% higher in water basins where the forest cover is more than 30% and 70%,
respectively. It is clear that the extent and density of forest cover would form part of NCA information
that would inform flood risk management.
The study also found that the ability of a forest ecosystem to retain water depends on characteristics
including: tree composition, tree density, age of forest, length of vegetation growing season and number
of layers of vegetation cover. This suggests NCA systems also containing data on key characteristics of
any forest would provide additional information to inform flood risk management.
Studies have found (for example, Acreman et al. 2011) that ecosystem services do not work in isolation
and that services will not only support each other but also conflict with each other and flood risk
management services are no different. Such research suggests that NCA can also provide important
holistic information of other contributing services that together can better inform flood risk management
strategies.
Research and innovation policies:
 Provision of tools to assess the impacts of research and innovation (i.e. Horizon 2020) policies and
actions in environmental and economic terms. For instance, for Nature-Based Solutions and/or
Sustainable Cities actions

4.3. Business and business related policies
In the context of the Union's promotion of environmentally responsible business practices, NCA has the
potential to provide a concrete basis for business performance reporting by explicitly mapping out
the impacts and/or dependencies on natural resources and placing a monetary value on them. This
would give companies clarity on how much they depend on nature to generate revenue and provides a
common metric to embed sustainability in business decision-making. Greater transparency would be
introduced, alongside accountability in the way natural resources are exploited.
NCA also contributes to better management and reduction of risks. It further informs investors about risks
and opportunities of their placements directly or indirectly related to natural resources. The TEEB
reports29 give a lot of background on potential benefits. Ongoing work from the EU Business and
Biodiversity platform and the CBD global platform also provide some useful input, and the soon to be
launched Natural Capital Protocol should also provide some guidance.
In the longer term, NCA also means that business accounting can be compatible with national accounts so
they can feed into each other. Specific examples include:
Business Accounting and Reporting:
 Provide a consistent basis and reference for business accounting and reporting on nature and
environmental related assets and investments. This in turn can transform business strategies and plans,
contribute to the better management of risks, as well as highlighting investment opportunities by
directly seeing costs/values related to nature.
 For the disclosure of non-financial reporting and accounting Directives, NCA can facilitate business
reporting, in a way that is consistent with national accounting and reporting.
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the TEEB website: http://www.teebweb.org/areas-of-work/advancing-natural-capital-accounting/
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 Further informs investors about risks and opportunities.
 At international level, a number of initiatives such as the "Friends of Paragraph 47" following Rio+20
and the Global Reporting Initiative have been put into place, with potential for NCA work to
contribute to these.

4.4. International policies
Finally at international level, NCA can contribute to a globally consistent approach to account for
ecosystems and their value. The EU contributes to the UN development of accounting standards such as
the UN SNA, UNSEEA (which includes environmental reporting) and the UN SEEA EEA which is still
in an experimental phase but includes ecosystem accounting. These standards can contribute to a
consistent approach to reporting at international level and monitoring the Sustainable Development Goals
(SDGs). In turn, these benefits can ensure that the EU continues to play a lead role in international
environmental affairs through its support and use of effective measures, international standards and
accounting relating to natural capital, for example:
Contribution to UN international standards:
 EU work on NCA can contribute to the further development of international standards such as UN
SEEA EEA both at conceptual and practical levels. There are also likely to be contributions to
implementation of NCA in developing and middle income countries, such as through projects directly
supported by EU funding and with the World Bank or the UN.
International UN Agenda 2030 for Sustainable Development:
 Providing a consistent basis for measuring progress to achieve the goals and targets, and contribute to
a reduction in parallel reporting. Some natural capital indicators developed could, in the longer term,
become input to macro-indicators for measuring progress at an international level.
Interactions with IPBES:
 KIP-INCA could play a major role and contribute significantly to international developments related
to valuation and accounting of ecosystem services, including the Intergovernmental Platform on
Biodiversity and Ecosystem Services (IPBES)30. The involvement of KIP-INCA would valorise and
recognise on-going efforts and contribute to the reputation of the EU. KIP-INCA could also learn from
IPBES, which has recently adopted a scoping document on a methodological assessment of the diverse
conceptualisation of multiple values of nature and its benefits, including biodiversity ecosystem
functions and services. IPBES also adopted a Summary for Policy-makers of the methodological
assessment of scenarios and models of biodiversity and ecosystem services, which stresses the
importance to engage policy-makers and stakeholders at an early stage and to cooperate with IPCC on
the integration of respective models.
 In relation to marine, the adoption of the UN World Ocean Assessment and the upcoming IPBES
global assessment on biodiversity and ecosystem services due in 2019 are significant opportunities to
develop connections with accounting work. These will cover coastal and marine biodiversity,
ecosystem structure and functioning.
Trade:
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 Provide gross numerical estimates of the value of loss/gain of ecosystems and nature-based services in
guiding bilateral and multilateral trade agreements.
Development:
 Supporting the adoption of NCA in developing countries will enhance their capacity for sustainable
decision making processes and help in guiding foreign and internal investments. It can therefore help
to increase the effectiveness of EU development and cooperation policies and ODA contributions.

5. INCA DESIGN
5.1. Introduction
This section describes the design and analytical logic for the KIP-INCA Phase 2 proposal and presents the
state of art for different components of the EU ecosystem accounting system as a proof of the feasibility
of the whole design. The KIP-INCA Phase 2 is expected to provide two major outputs: the concrete
implementation of SEEA EEA at European level and the development of the necessary data infrastructure
(see Section 6). Both components will require an iterative approach.
The methodological reference frame for developing ecosystem accounts in the EU is provided by two key
components: the global ecosystem accounting guidance set out in SEEA EEA and the analytical
framework developed within the MAES process which is set out in four reports31.

Figure 1: Components of UN System of Environmental-Economic Accounting- Experimental Ecosystem
Accounts

Section 2 has already described the methodological approach for ecosystem accounting developed at
global level (with strong EU input). Figure 1 below illustrates the different components of SEEA-EEA.
These include accounts of ecosystem extent, ecosystem condition, ecosystem services and thematic
accounts (physical accounts) as well as monetary accounts which help to integrate the results of
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ecosystem accounting with the System of National Accounts (SNA). Both physical accounts and
monetary accounts will also be developed in KIP-INCA.
This methodological reference frame is very useful but requires fine-tuning and adaptation for developing
an ecosystem accounting approach that is suited to Europe’s land use history and ecology as well as
European Union policy targets. Physical EU ecosystem accounts should ideally be:
 Representative of key ecosystem functions / MAES ecosystem types;
 Targeted on functional ecological units (river basins, mountain areas etc.);
 Aligned with key EU policy targets (as spelled out in the 7th EAP and the EU Biodiversity Strategy to
2020);
 Possible to update on a yearly/regular basis;
 Transparent and easily communicable.
A similar set of considerations can also be developed for the selection of the priority ecosystem service
accounts to be developed in KIP-INCA Phase 2. The basket of ecosystem services to be tracked should
ideally represent:
 All or most of the 12 main MAES ecosystem types;
 All main divisions of CICES (the ‘Common International Classification of Ecosystem Services’);
 Representative of key ecosystem functions / types of ecosystem (capital) stock and flows;
 Ecosystem services with a high communication or social value;
 Consideration of multiple ecosystem services simultaneously;
From an analytical perspective it would be very useful if the selected ecosystem services would allow us
to answer the following questions:
 Whether the biological resource base for fundamental economic sectors / our survival is sustainable
(e.g. track outputs from agriculture, forestry, fisheries, drinking water etc.)?
 What is the impact of key environmental policy areas on ecosystem service flows (e.g. water policy,
climate policy, biodiversity policy, the MSFD/fisheries policy etc.)?
 What are key trade-offs between different ecosystem service types (e.g. provisioning – cultural,
provisioning – regulating etc.)?

5.2. INCA architecture
This section makes a first proposal for the general INCA architecture. More details about the different
accounts are then presented in the following sections of this chapter.
The core task for KIP-INCA Phase 2 is the implementation of EU ecosystem accounts as pilot and final
versions and to develop the corresponding data infrastructure and data sets. Figure 2 describes the overall
set-up of KIP-INCA. Data, models and a shared spatial data platform (green arrows on the left) constitute
the basis of all the accounts which, in turn, deliver user oriented outputs in the form of accounting tables,
maps and geospatial information, and indicators which describe the state and trends of natural capital
(green arrows on the right of the diagram).
The following ecosystem accounts will be developed:
 Ecosystem extent accounts for all MAES ecosystem types (Section 5.3);
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 Ecosystem condition accounts (Section 5.4);
 Thematic accounts including land, water, biodiversity, and fish stocks (Section 5.5);
 Physical and monetary ecosystem service flow accounts (Section 0);
 Ultimately, KIP-INCA Phase 2 will also produce integrated accounts (Section 5.8).

Figure 2: Proposed overall architecture of EU ecosystem accounting system

Figure 2 provides an outline of the overall work flow proposed for the development of different parts of
the EU ecosystem accounting system. This would move from experimental over pilot to final accounts.
The INCA partners can decide to publish experimental accounts as pilot accounts. Once these pilot
accounts are further developed and validated, they can be published as final accounts. At several places in
the data flow, quality control and quality assurance is foreseen. QC/QA includes the use of standards for
metadata descriptions (INSPIRE for geospatial information, or the ecosystem services blueprint) and the
validation of experimental and pilot accounts via standard statistical quality control procedures.

5.3. The ecosystem extent accounts
Ecosystem extent accounts delineate ecosystems and measure the changes in the area covered by
ecosystems. Ecosystem extent accounts also provide a spatial framework for all further ecosystem
accounts and presents information on the changing composition of ecosystem types at the most
disaggregated level.
Thus they allow for a better understanding of changes in ecosystems and their capacity to generate
ecosystem services (SEEA EEA, 2014).
Ecosystem extent accounts show the opening and closing stock of land in a spatial unit (ha or km²) for a
range of ecosystem types. At this stage, the basic data infrastructure is aggregated from CORINE data and
stored in a standard grid system. This provides a platform for data integration, measurement and
aggregation and comparison at different spatial scales and between different input data layers. Because of
their basic set up, ecosystem extent accounts are useful for various analytical assessments, e.g. trends of
ecosystem types by biogeographic region, by water basin, or the loss of natural land to urban areas. Note
that the level of detail available in the database determines the accuracy of the results and the level
(national, regional or local) at which results can be used for analysis and decision making.
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The approach proposed by KIP-INCA partners is based on the main terrestrial, freshwater and coastal
ecosystem types used in MAES: urban, cropland, grassland, woodland and forest, heathland and
shrub, sparsely vegetated land, inland wetlands, rivers and lakes, marine inlets and transitional
waters, coastal, shelf, and open oceans. These broad ecosystem types correspond well to ongoing
ecosystem assessment work and can be developed from the data sets that are available at European level,
mainly CORINE / Copernicus.
The proposal for Phase II is to further differentiate the broad MAES ecosystem categories into more
specific ecosystems types that correspond better to the diversity of European ecosystems. This could be
done in three steps which can be described as Tiers 1, 2 and 3. Tier 1 corresponds to the basic
classification building on the broad MAES ecosystem types. Further refinement in Tiers 2 and 3 would
build on selecting groups of CLC classes or individual CLC classes that have a good match with clearly
defined and/or vulnerable European ecosystems. Tier 1 would provide complete European coverage
whereas the Tiers 2 and 3 would focus on biogeographic regions or ecological areas where the targeted
ecosystems exist.
The following preliminary tables illustrate this layered approach with the example of the stock and
changes of European ecosystem for the periods 2000 – 2006 and 2006 – 2012 based on CORINE. These
accounts correspond to the proposed Tier 1 and include the EEA-39 countries.
Table 3: Stock and change account for European ecosystems, EEA 39 countries, 2000 – 2006 in km².32
AREA in KM2
1
Urban

Ecosystem extent 2000
Reductions to initial ecosystem extent
Additions to initial ecosystem extent
Net additions to ecosystem extent
(additions - reductions)
Net additions as % of initial year
Total turnover of ecosystem extent
(reductions + additions)
Total turnover as % of initial year
Stable ecosystem stock in KM2
% of ecosystem stock that was stable
Ecosystem extent 2006
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2
Cropland

MAES ECOSYSTEM TYPES
4
5
6
7
8
9
Woodland Heathland Sparsely
Inland Rivers and
Marine
and forest and shrub vegetated wetlands
lakes
Inlets and
land
transitional
waters
654,699 2,008,028
184,065 345,055
129,571
140,658
27,820
3,593
48,038
4,743
2,452
635
318
72
1,711
49,127
4,192
1,982
144
978
110

3
Grassland

Total

226,116
1,951
8,329

2,040,087
10,976
6,656

+ 6,378

- 4,320

- 1,882

+ 1,089

- 551

- 470

- 491

+ 660

+ 38

+ 2.8

- 0.2

- 0.3

+ 0.1

- 0.3

- 0.1

- 0.4

+ 0.5

+ 0.1

10,798

17,632

5,304

97,165

8,935

4,434

778

1,296

182

139,651

4.5
224,166
99.1
232,494

0.9
2,029,111
99.5
2,035,766

0.8
651,106
99.5
652,817

4.8
1,959,990
97.6
2,009,117

4.9
179,322
97.4
183,514

1.3
342,603
99.3
344,585

0.6
128,936
99.5
129,079

0.9
140,340
99.8
141,319

0.7
27,748
99.7
27,858

2.4
5,782,707
98.8
5,852,532

Provisional data
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5,852,532
69,826
69,826

Table 4: Stock and change account for European ecosystems, EEA 39 countries, 2006 – 2012 in km².33
AREA in KM2
1
Urban

Ecosystem extent 2006
Reductions to initial ecosystem extent
Additions to initial ecosystem extent
Net additions to ecosystem extent
(additions - reductions)
Net additions as % of initial year
Total turnover of ecosystem extent
(reductions + additions)
Total turnover as % of initial year
Stable ecosystem stock in KM2
% of ecosystem stock that was stable
Ecosystem extent 2012
source: EEA/CLC V18.5 DD calculation

2
Cropland

MAES ECOSYSTEM TYPES
4
5
6
7
8
9
Woodland Heathland Sparsely
Inland Rivers and
Marine
and forest and shrub vegetated wetlands
lakes
Inlets and
land
transitional
waters
652,817 2,009,117
279,496 344,585
129,079
141,319
27,858
4,722
69,766
1,253
2,181
189
272
84
3,246
70,394
586
1,913
248
1,256
48

3
Grassland

Total

232,494
2,539
8,259

2,035,766
11,812
6,867

5,852,532
92,817
92,817

+ 5,720

- 4,945

- 1,476

+ 628

- 667

- 268

+ 59

+ 984

- 36

+ 2.5

- 0.2

- 0.2

+ 0.0

- 0.2

- 0.1

+ 0.0

+ 0.7

- 0.1

10,798

18,680

7,968

140,161

1,839

4,094

436

1,528

132

185,635

4.6
229,956
98.9
238,215

0.9
2,023,954
99.4
2,030,821

1.2
648,096
99.3
651,342

7.0
1,939,351
96.5
2,009,746

0.7
278,243
99.6
278,829

1.2
342,404
99.4
344,316

0.3
128,891
99.9
129,138

1.1
141,047
99.8
142,303

0.5
27,774
99.7
27,822

3.2
5,759,715
98.4
5,852,532

Woodland and forests cover most of the area in Europe and are an important ecosystem for a wide range
of ecosystem services. Between 2000 and 2012 forests have shown an increasing trend in Europe. The
extent of woodland and forest increased 1,089 Km2 (0.05%) between 2000 and 2006. The slight increase
in forest area can partly be explained by the development of woodland on abandoned farmland and by
active afforestation (EEA, 2010). This example shows also the risks of implementing natural capital
accounts based on data with insufficient resolution. Trends are not fully reliable due to the margin of error
of the data sets, especially if the analysis was done at detailed, e.g. sub-national level.
The MAES ecosystem type ‘Woodland and forest’ includes many different types of wooded areas and is
well-suited to tracking the extent of forest ecosystems as a broad land use category aligned with the Tier
1. To gain a better understanding of what is happening to individual woodland and forest types in an
ecological perspective it is necessary to differentiate further by disaggregate to Table Tier 2 and Tier 3.
‘Forests’ are made up of two major elements, standing forest and transitional woodland and shrub (EEA,
2006). Standing forest is split into broad-leaved, coniferous and mixed woodlands. Figure 3 provides a
closer look at the additions and reductions to forest ecosystem stock, for the CORINE Land Cover types:
 311 Broad-leaved forest,
 312 Coniferous forest,
 313 Mixed forest and
 324 Transitional woodland-shrub
for the periods 2000 – 2006 and 2006 – 2012 in km². The level of this analysis (which builds on
preliminary data) corresponds to the Tier 2 above.
2000 – 2006

33

2006 – 2012

Provisional data
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Figure 3: Additions and reductions to forest ecosystem stock for 2000 - 2006 and 2006 – 2012 in km².34

The analysis shows that changes per forest type can be much higher compared to the changes observed
for forest as a whole and as such shows the potential for additional insights gained from more focused
analysis. This needs to be developed further and combined with other bio-physical or spatial data, for
example by looking at trends in certain biogeographical regions or the change of forest cover across
different water basins in Europe. Significant additional analytical insights are expected from this work in
KIP-INCA Phase 2.

5.4. The ecosystem condition accounts
Ecosystem condition is a concept that has been explored in ecological literature, the SEEA EEA technical
guidance and most recently in the MAES process, in particular the third MAES report. There are a
number of possible interpretations of the ‘condition’ concept, with the most recent MAES framework
describing it as the "the physical, chemical and biological state of an ecosystem at a particular point in
time".
An assessment of ecosystem condition should aim to capture parameters that are linked to essential
ecosystem processes, such as nutrient cycling or photosynthesis. An important question to ask, therefore,
is how individual condition parameters relate to specific ecosystem characteristics and/or ecosystem
processes. The most important condition parameters to be analysed may therefore change with the aspect
or function of a specific ecosystem to be tracked.
The SEEA EEA handbook and the related draft technical recommendations leave substantial space for
interpretation and experimentation in this regard. Table 4.4 in the SEEA EEA handbook suggests five
aspects of condition that could be considered (vegetation, biodiversity, soil, water, carbon) in an example
for a condition account for a single land cover and ecosystem unit. If one wants to cover a wider range
ecosystem units (or types) then more parameters may become relevant and the draft technical
recommendations suggest that there are a number of approaches that could be considered for developing
ecosystem condition accounts (top-down as well as bottom-up). Altogether the SEEA EEA documents
provide useful reference but leave it to the user to decide which approach to choose for a given context.
Given the scope for experimentation provided by SEEA EEA and the need to develop an approach on
ecosystem condition that is suited to the European ecological and land use context the analytical frame
developed under the MAES ecosystem assessment work becomes the next obvious starting point. The
third MAES report (Erhard et al., 2016) discusses the question of how to assess ecosystem condition in its

34

Provisional data
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chapter 4. The MAES report suggests that ecosystem condition can be assessed via two approaches:
indirectly via an analysis of pressures acting on ecosystems and directly by tracking habitat condition,
biodiversity and environmental quality.
The third MAES report on mapping provides an overview of the main pressures causing ecosystem
change (habitat change, climate change, ‘overexploitation’ (unsustainable land or water use or
management), invasive alien species. It also makes an assessment of the condition of Europe’s
ecosystems and provides further expert reviews using reporting by Member States under the Birds and
Habitats Directives, the Water Framework Directive and the Marine Strategy Framework Directive as
well as the use of earth observation data for assessing vegetation productivity and phenology. The
subsequent methodological section points out that:
 Indicators for the ‘health’ (i.e. condition) of ecosystems do not always fully address the multifunctionality of ecosystems,
 Habitat quality indicates condition for species but not necessarily for ecosystem services ,
 Structural components of ecosystems can be useful indirect indicators of ecosystem condition, e.g. tree
age class distribution or amount of dead wood in forests,
 Information on the physical-chemical condition of ecosystems is often lacking, and
 Chemical condition of freshwater and marine ecosystems and the physical condition of river and sea
beds are important indicators for habitat quality and biodiversity and also address other important
ecosystem functions (e.g. carbon sequestration).
This review of condition parameters is helpful in pointing to candidate parameters to include in an
experimental or pilot account of ecosystem condition. It does not, however, discuss critical condition
parameters ecosystem by ecosystems, so additional analytical and ecological information needs to be used
for a complete evaluation of potential condition parameters for European ecosystems.
The EEA provided an initial review of potential condition parameters against criteria relating to policy
relevance, match with SEEA EEA, feasibility and continuity. This has resulted in an initial set of potential
condition parameters that could be utilised in ecosystem condition accounts for different MAES
ecosystem types. This section sets out how different condition parameters could be allocated to the range
of ecosystem types identified in the MAES analytical approach.
The proposal has been developed on the basis of the following premises:
 The condition parameters chosen should match critical pressures on, and fundamental changes in,
ecosystem condition identified in recent MAES work.
 As far as feasible condition parameters should be chosen that are applicable and comparable across all
MAES ecosystem types, for example indicators related to biodiversity.
 Where appropriate or necessary ecosystem-specific condition parameters were included.
 The overall number of condition parameters per ecosystem type should not be too high (e.g. in the
range of 3 – 5) to avoid complicating the construction and calculation of the overall account too much.
 The condition parameters finally chosen should ideally be underpinned by data sets that allow a
reliable quantitative analysis of trends at suitable spatial and temporal scale.
Table 5 shows the allocation of condition parameters grouped into six different aspects of ecosystem
condition across the nine different MAES ecosystem types plus three marine ecosystem types proposed
under MAES.
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Table 5: Relevance of ecosystem condition aspects for MAES and marine ecosystem types
MAES
Ecosystems/
Condition
theme

Urban

Crop
land

()



()

Grassland

Woodland
and forest

Heathland
and shrub











()







Sparsely
vegetated
land

Inland
wetlands

Rivers
and
lakes







()

()



()

()

Marine
inlets and
transit.
waters

Coastal

Shelf

Open
Ocean





























()







Biodiversity
Nutrient
pressure
Soil status
related
Freshwater
related
Marine
related
Urban
related



The condition parameters related to biodiversity and nutrient pressure are crosscutting, whereas those
relating to soil status, freshwater, marine and urban ecosystems are ecosystem specific. This is due to the
fact that biodiversity status and nutrient pressure are important condition parameters for all ecosystem
types whereas the other aspects are by their nature only relevant to those ecosystems that they relate to.
Three or four broad ecosystem condition aspects that are considered relevant for each individual MAES
and marine ecosystem type would be selected. These require further differentiation to develop clearly
identified and measurable parameters for ecosystem condition. This may increase the final number of
condition parameters per each ecosystem type.
This selection needs to tackle three key issues:
 How to identify what are the most important ecosystem condition parameters for which data are
available or can be collected or derived from other datasets (for instance using LUCAS or
Copernicus);
 Which additional ecosystem condition parameters need to be included; and
 How many condition parameters should be covered / can be understood per ecosystem type?
Table 6 illustrates the whole concept for the ecosystem types ‘Cropland’, ‘Woodland and forest’ and
‘Rivers and lakes’.
The condition parameters for the last ecosystem type would be derived from reporting under the EU
Water Framework Directive (WFD) and hence combine a number of underpinning measures of good
ecological status for each of three listed condition components. The characteristics of the ecosystem types
‘Cropland’ and ‘Woodland and forest’ are similar in the sense that both are managed ecosystems where
nutrient flows and soil carbon drive productivity but also influence strongly influence ecosystem
condition. Biodiversity as a cross-cutting condition parameter is represented by several potential submetrics for each of these ecosystem types – but the methodological basis is well-developed for only two
of those (reporting and EBCC data).
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EBCC data

Reporting

Table 6: Illustration of potential ecosystem ecosystem-specific condition parameters for three MAES types.

The section above illustrates the overall approach for allocating ecosystem condition parameters to
MAES and marine ecosystem types in a multi-step process. The definition of an operational set of
condition parameters for all ecosystem types on the basis of an expert consultation (incl. from the
Commission services) will be part of KIP-INCA Phase 2.
Work is also ongoing at the EEA to test inter alia how reporting under the Water Framework Directive or
the Habitats Directive can be used for building ecosystem specific condition parameters. The question of
identifying the right parameters for measuring ecosystem condition is also being tackled under the
ongoing MAES process on ecosystem assessment. Both analytical processes can inform each other and
need to be seen and organised as one single working stream. A methodological proposal for EU
ecosystem condition accounts will be tabled by early 2017.

5.5. Proposal for ecosystem extent and condition accounts for marine ecosystems
This section presents a first combined proposal for accounts for ecosystem extent and condition for
marine ecosystems. It builds on the outcomes of the KIP-INCA workshop on marine ecosystem accounts
(see Section 0) and previous work and experience at EEA and JRC.
The starting point for the proposal is a review whether the SEEA EEA conceptual approach is useful and
applicable for marine ecosystems. The current conclusion is that it is indeed possible to develop marine
ecosystem accounts building on the concepts in SEEA EEA even though some modifications are required
(see also section 3.2.6).
The first question to tackle in developing a proposal for ecosystem extent accounts is whether it is
possible to identify distinct marine ecosystem types whose spatial distribution can be determined as the
basis for ecosystem extent accounts. There is existing work within JRC, EEA and EU research projects
that provides a good foundation for implementing such an approach. In addition, there is an increasing
pool of shared spatial ecosystem data at EU level that is being further developed, via EMODNET in
particular. Expert knowledge of marine ecosystems also suggests that habitats and species could represent
relevant functional units in this regard (i.e. ecosystem components). Thus, some species (sessile) can be
defined/ characterised by their habitat requirements, temperature range, etc., and others (mobile) can be
qualitatively attributed to habitats.
The second component in developing ecosystem extent accounts is to identify the appropriate analytical
units for marine ecosystem accounts (‘Ecosystem Accounting Units’). Different approaches have been
discussed so far: units based on a 1 km² grid, division into marine regions and sub-regions seas as per the
MSFD, the MAES marine ecosystem types (although those need some revision, cf. Maes et al. (2013,
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2014)35), as well as including the ‘photic limit’36 into existing marine ecosystem/habitat typologies. The
last three approaches appear the most promising but need to be tested before the final approach for
implementation in an EU system of marine ecosystem accounts can be determined.
The general approach for classifying condition parameters as physical, chemical and biological conditions
which has been developed for terrestrial and freshwater ecosystems in the MAES process (see e.g. Erhard
et al., 2016) is also applicable to marine ecosystems. The frameworks and experience developed in
implementing EU environmental legislation, in particular the Marine Strategy Framework Directive
(MSFD) also provides important background in this regard. Following the above, the condition of marine
assets can be interpreted as the ecological status of the ecosystem asset/ecosystem component, which can
be assessed directly or indirectly via pressure indicators. The MSFD has defined 11 descriptors for
assessing marine ecosystem condition, expressed as ‘(good) environmental status’ (for more info see:
http://ec.europa.eu/environment/marine/good-environmental-status/index_en.htm). These descriptors
could constitute a starting point for measuring marine ecosystem condition as far as they are underpinned
by quantified indicators (which is currently not often the case).
Similar to the challenges linked to assessing the condition of terrestrial ecosystems, more work is required
within the MAES process to further strengthen the assessment of marine ecosystem condition and links to
services. This should lead to a methodological proposal for EU ecosystem condition accounts during
2017.

5.6. Thematic accounts
The thematic accounts complement the core system of accounts within the overall SEEA EEA
framework. Thematic accounts provide information into the policy making process in their own right and
allow a systematic and cross-cutting analysis of particular ecosystem assets (e.g. land, biodiversity etc.).
The thematic accounts also help build input data layers and contextual information for the core accounts.
SEEA EEA lists the following concrete thematic accounts: land, water, biomass carbon and biodiversity.
The issue-specific focus of these accounts corresponds to the approach set out in the SEEA CF and
facilitates their development. The EEA has developed accounting approaches that correspond to thematic
SEEA accounts as part of its early investment into ecosystem accounting. The most developed of these
are the land and water accounts.
The EEA land accounts are based on CORINE Land Cover (CLC) and were first developed for the
period 1990-2000 (EEA, 2006), and subsequently updated on the basis of later CLC data sets (EEA,
2010; EEA, forthcoming)37. Land accounts start with an opening balance which represents the physical
areas of different land cover types at the beginning of the accounting period (time 1). These land cover
elements are transformed by the process of land cover change to produce the closing balance at the end of
the accounting period (time 2). The gains and losses (flows) are the transfers of land area between land
cover types.
Land accounts seek to describe how land resource stocks change over time in a consistent and systematic
way. A given land cover can be modified, degraded or destroyed (consumed) and a new type generated.
Example of land cover changes that can be analysed via land accounts are the transformation of farmland
35

36
37

http://ec.europa.eu/environment/nature/knowledge/ecosystem_assessment/pdf/MAESWorkingPaper2013.pdf
http://ec.europa.eu/environment/nature/knowledge/ecosystem_assessment/pdf/2ndMAESWorkingPaper.pdf
The photic limit is the limit of the photic zone, i.e. the zone where there is enough light penetration to allow photosynthesis

Information on the EEA land accounts methodology as well as access to underpinning data layers is available
under: http://www.eea.europa.eu/themes/landuse/interactive/land-and-ecosystem-accounting-leac
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or natural areas to built-up urban land or conversions within agricultural land cover categories, e.g. a
change of grassland to arable land or permanent crops. This provides a systematic record of the
importance of and location of different land cover trends and facilitates an analysis of their environmental
impact. For example, land accounts show the consumption of fertile agricultural land by roads and urban
areas or the fragmentation of natural coast lines by the expansion of tourism-related infrastructure and
housing. Land accounts are closely linked to ecosystem extent account and use the same source data (see
Section 5.3).
EEA has developed water accounts that correspond to the concepts set out in SEEA CF. These show the
availability of water in European water basins during the course of each year for the period 2002 – 2012
(an update is forthcoming) and are the basis for the calculation of the EEA indicator ‘water exploitation
index’. The available volume of water per water basin is compared to water abstraction and use by
economic sectors and private households and allows a detailed comparison of supply and demand per
water basin38.
Thematic accounts for biomass carbon and biodiversity are under development but have made less
progress than land and water accounts. While the methodological foundation for biomass carbon accounts
is quite well-established it has so far proven difficult to compile sufficiently accurate data sets for
required key input variables at the scale envisaged (1 km2). Based on the ecosystem extent account,
however, in combination with other datasets, for instance on forest age or biomass, more accurate
analyses of biomass carbon in Europe would be possible.
Methodological guidance for biodiversity accounting is being developed within a global project that is
taken forward by the UNEP World Conservation Monitoring Centre with support from the UN Statistical
Division. The project is advised by an international expert group with participation of EU Member States
and the EEA. The expected global guidance will provide the frame for further development work at EU
level.
On the marine side it could be very useful to develop a thematic asset account for marine commercial fish
stocks as they are a critical component of food provisioning for Europe’s population (and beyond). EEA
has already done a lot of development work proposes the following design of accounts for European fish
stocks:
 An asset account for commercial fish species (using total fish biomass, as a proxy measure for
condition of stock, from fish stock data (and related model results for commercial fish population
dynamics)
 An ecosystem service account - based on fish landings as the actual use of the stock for ‘wild seafood
provisioning’;
 A policy-relevant index on the sustainability of stock use - SBU (sustainability of biomass use). This
index would be calculated as the ratio of surplus production and landings (which says something on
the sustainability of stock use, or the different causes of a change in the asset.
With the exception of land accounts which have the same data sources and a very similar production
process as ecosystem extent accounts, thematic accounts would not be a focus of scope of KIP-INCA.

38

Further detail is available under the following web link: (http://www.eea.europa.eu/data-and-maps/indicators/useof-freshwater-resources-2/assessment-1
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5.7. The ecosystem services supply and use accounts
5.7.1. Introduction
Ecosystems have a capacity to provide a (continued) flow of ecosystem services. Following demand for
this capacity, a flow or actual use of the service can be observed or modelled, and thus accounted. In an
accounting context, as expressed in the statistical standard of ‘the System of National Accounts", supply
equals use. The same principle is applied in ecosystem accounting, i.e. the supply of an ecosystem equals
its use. Demand for ecosystem services can be higher than what is supplied, e.g. in the case of ecosystembased recreational opportunities in an inner city centre, but demand is not recorded in the accounts.
Capacity of an ecosystem to generate ecosystem services is a property that is connected to the ecosystem
as an asset and is not recorded in the ecosystem services supply and use account.
Different methods and models are used to measure flow of ecosystem services in physical and monetary
terms, and to connect this flow to the users of the services.
For provisioning services, supply and use involves the extraction of a product from the ecosystem (e.g.
harvested biomass in ton per ha per year). Physical and monetary flows of provisioning ecosystem
services are frequently reported to statistical offices (water consumption, crop and timber harvests) which
therefore constitute the major source of information to develop accounts. For these services, spatial
allocation of the registered flow of products is required in order to geo-reference the service.
For regulating services, biophysical models are mostly used to estimate capacity and flow of regulating
ecosystem services. In the context of ecosystem services we define capacity as the stock generating a
sustainable flow of a service. Ideally, capacity and flow are measured and modelled in the same units (e.g.
units of mass per area) but in practice this is almost never the case. Instead capacity is often modelled
with an indicator between 0 and 1 where 0 stands for no capacity and 1 for maximum capacity. Actual use
can be modelled using the difference between a nominal model run and a model in which the regulating
function is turned off. Examples are modelling nitrogen concentration in rivers with and without instream nitrogen retention processes or modelling erosion rates with and without the presence of protective
soil cover. These assessments result in the total nitrogen removed (or the resulting N concentration) and
the total amount of soil retained (or erosion avoided), respectively, which quantify well the contribution
of ecosystems to a service flow. For nitrogen retention a case study of ecosystem services flow accounts
is already available. For soil protection the concepts of capacity and flow were used to make an account at
the scale of the Mediterranean Region39. This article also shows in a conceptual way how capacity
indicators (between 0 and 1) can be used to quantify actual use or flow values for regulating ecosystem
services. Additional efforts remain necessary to link regulating services to actual benefits which are the
object of valuation.
Assessments of cultural services, to date, are mostly limited to recreation and tourism. Actual use needs
to be monitored, estimated, or even modelled based on surveys, national accounts and data collection (e.g.
national park visitor statistics, entrance fees). For tourism and recreation the national accounts provide a
basic dataset to start analysing the ecosystem service, i.e. the contribution of the ecosystem to these
economic activities, in both physical and monetary units. These data can be combined with spatial data in
order to map and assess the service and to provide detailed information on how ecosystems contribute to
recreation and tourism (see for an example for tourism Annex 2. Other cultural services are much more
difficult to quantify, in particular in monetary terms.
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Guerra, C.A., Maes, J., Geijzendorffer, I., Metzger, M.J., 2016. An assessment of soil erosion prevention by
vegetation in Mediterranean Europe: Current trends of ecosystem service provision. Ecological Indicators 60,
213-222.
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Once capacity, use (or flow) and demand of ecosystem services are known, they can be organised into
accounts. For INCA the ecosystem services supply and use accounts would be developed on the basis of
the SEEA EEA framework (UN et al., 2014) and the SEEA EEA Technical Recommendations (UN et al.,
2015). The accounts would be presented both as maps and tables, and would connect the generation of
ecosystem services by ecosystems to the use by economic sectors and activities following the
international ISIC classification. KIP-INCA Phase 1 has shown that general methods, specific algorithms
and data to develop this account for a selected list of services are available.

5.7.2. Selection of services
KIP-INCA Phase 2 will produce experimental and pilot flow accounts for a selection of ecosystem
services, experimenting with valuation approaches (see Table 7). For these services, either data or models
are available to produce at least annually aggregated values of physical flows at EU and Member States
level, which is a prior criterion for their selection (see Annex 4: JRC technical note on the available
models to quantify ecosystem services flows at EU scale). Most of these services can also be aggregated
to higher spatial units using the JRC's ESTIMAP model which is embedded in the LUISA model
platform. Whether or not models are used to quantify supply, use and demand for ecosystem services,
reliability of the results (or the associated uncertainty) is a critical issue which needs to be considered well
in INCA. Quality assurance at the different steps of the INCA architecture (including model validation
and data quality control) remains crucial. Three approaches to test models for their reliability can be
considered when setting up ecosystem service accounts under INCA: comparing different models (see for
instance earlier work of JRC40); validating models results with field data (e.g. data on the distribution of
pollinator species to validate pollination maps), and testing across spatial scales which includes
interaction with the member states.
The initial focus of KIP-INCA will be the development of biophysical flow accounts of the services
included in Table 7 while gradually monetary accounts will follow once agreement is reached on
appropriate valuation methods. Even then, it needs to be stressed that the prototype ecosystem service
accounts will be experimental accounts and will remain to be so until proper validation is done and
agreement on procedure and methodology is reached.
Table 7: Services to be included in KIP-INCA Phase 2

Service
Provisioning services
Crops
Timber
Marine fish
Water
Livestock
Regulating services
Pollination
Erosion control (soil
protection)
Water purification
Air filtration
40

Physical unit
Harvest (ton per ha)
Timber growth and harvest (ton per ha)
Catch (ton per fishing zone)
Water abstraction for public, industrial and agricultural use (m3 per
unit area)
Amount of animal feed (grass) provided
Share of the crop harvest pollinated (ton per ha)
Avoided erosion in ton/ha/year compared to bare soil
Removal of in-stream nitrogen (ton per km river)
Deposition of air pollutants (ton per ha)

Schulp et al. (2014) Uncertainties in Ecosystem Service Maps: A Comparison on the European Scale. Plos One.
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Carbon sequestration (in C sequestration in ton/ha/year
vegetation and soil)
Flood control
Land area protected
Cultural services
Recreation
Number of visits in ecosystems (person-days) / ha, include budget
for surveys in some countries
Tourism
Number of overnight stays generated per ha/year
The experimental and pilot accounts will be developed using the example of water purification. This
involves a four step procedure when developing a physical and monetary asset and flow account for
ecosystem services, which is in line with the principles of the SEEA EEA framework:


Identify the ecosystem service classification and the underlying conceptual framework;



Quantify in physical terms the targeted ecosystem service. The quantification procedure can
range from simple to complex, or can be multi-tiered because there is presently no reference
framework or standard to follow.



Translate the quantitative assessment into monetary terms by choosing the most appropriate
economic valuation technique;



Populate the SEEA EEA consistent tables with the resulting data.

Given available (human) resources, the prototype development will be carried out service by service. Fast
track physical flow accounts will be developed for ecosystem services which can directly be quantified in
physical units (i.e. no proxy indicator is used) such as soil protection or air filtration. In a next phase focus
can go to pollination and recreation. Models for these services are available but they still deliver proxy
indicators (potential of ecosystems to host pollinator populations and potential of ecosystems for naturebased recreation). These indicators have no dimensions and are therefore less suitable for accounting.
Further model development will be required to adapt these indicators so that they can deliver physical
accounts including estimates of supply and use in physical units.
Monetary valuation of these services is still lagging behind and needs dedicated work and further
experiments. Different approaches should be tested and compared. Also in this case a pragmatic approach
will be followed with a service per service assessment based on best available information.

5.7.3. Mapping of ecosystem services
In general, ecosystem services accounting involves either:
 spatial allocation of statistical data on the basis of collected statistics using spatial information, or
 spatial modelling of ecosystem services in order to create new data that can be included in the
accounts.
An example of the first case, for instance, would be to spatially allocate tourism data over the landscape
in order to analyse the contribution of ecosystems to ecotourism (expressed as, e.g., number of visitornights stay generated per 1 km² of an ecosystem). In this case the map is produced on the basis of the
accounting tables. An example of the second case would be modelling the ecological processes regulating
carbon sequestration in order to understand the service involved. Based on maps the tables can be
produced. An example for spatial allocation is provided in Annex 2.
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5.8. The ecosystem asset and integrated accounts
Accounting for ecosystem assets is a fundamental component of ecosystem accounting; without
accounting for ecosystem assets, ambitions to understand and monitor the changes in the natural capital
base and hence consider issues of sustainability are not achievable (UN et al., 2015). In physical terms,
changes in ecosystem assets are recorded in the ecosystem extent account (in terms of area) and in the
ecosystem condition account (in terms of the state or health of the ecosystems). Once the ecosystem
services supply and use account is developed, also the monetary ecosystem asset account can be
developed.
The monetary ecosystem asset account aims to record ecosystem capital in terms of the net present value
(NPV) of the expected flow of ecosystem services. This is aligned with the valuation principles for assets
in the national accounts, where physical assets can be valued on the basis of the expected flow of net
income that they can generate. Note that the SNA specifies another main valuation method for assets, i.e.
valuation on the basis of exchange values of the asset itself. However this approach is usually not feasible
in ecosystem accounting because ecosystem services normally provide a range of services that are not all
reflected in the exchange value of the ecosystem (a farmer will not consider potential carbon
sequestration in the soil when he is purchasing or selling land).
Valuation of the asset based on the NPV of the expected flow of services requires a number of
assumptions regarding the basket of ecosystem services to be considered (basically all services supplied
under current management), the physical condition parameters chosen should match critical pressures
match critical flows of these services (which may need to account for reductions in flows in case of
ecosystem degradation), present and future prices for ecosystem services, the discounting period and the
discount rate to be used. In principle, the issues of prices, discount rate and discounting period is not
unlike valuation of produced assets in the SNA and detailed valuation guidelines are available (UN et al.,
2009).
The work on monetisation so far has revealed uneven progress and open questions which KIP-INCA aims
to answer. Monetised values need to be robust (i.e. different methods should lead to comparable results
under the same circumstances - and complete i.e. all types of ecosystem services should then be valued in
a consistent manner. There is a risk asset accounts that just include those ecosystem services or part of it
that can be monetised would give misleading signals. Methods should be developed to to ensure that nonmonetised aspects are appropriately covered in the accounts.
Out of necessity, accounting also has to make aggregates and assumptions on the extent of information to
include – and for ecosystems, unless carefully designed, this could lead to underestimates of the range of
ecosystem services occurring at different scales, potentially leading to underestimates of monetary values.
In addition, valuation can depend strongly on the valuation methods used and range of ecosystem services
included. Research and further testing will be needed to better understand how to address a number of
these potential shortcomings and implications behind assumptions.
For a discussion of other valuation issues we refer to the recent Technical Recommendations for
Ecosystem Accounting.
In addition to the monetary asset account, the concept of capacity is highly relevant for ecosystem
accounting. For ecosystem capacity, it is increasingly evident that this concept has an important role to
play in ecosystem accounting, both in terms of interpreting the links between ecosystem services and
ecosystem condition and in terms of the definition of ecosystem degradation (UN et al., 2016). In recent
work (Hein et al., submitted) presented and discussed at the London Group of Environmental Economic
Accounting the concept of capacity has been defined in detail in relation to the three main types of
ecosystem services (provisioning, regulating and cultural). Basically, capacity entails the ability of the
ecosystem to generate ecosystem services under sustainable ecosystem management. Clearly, the NPV of
the flow of benefits in the case of sustainable management may differ from the NPV in case of present
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management. Quantifying and valuing capacity is in many cases methodologically straightforward and
provides important additional information on ecosystem assets and (the costs of) ecosystem degradation.
Once the services and asset accounts have been developed, it can be considered how integrated accounts
can be developed that integrate information from the ecosystem services supply and use, and ecosystem
asset account and the various relevant national accounts. There are two main types of accounts in the
national accounts that can be adapted to integrate ecosystem accounting information. The first is
integrated institutional sector accounts and the second is balance sheets (UN et al., 2016).
Institutional sector accounts, commonly referred to in national accounting as the sequence of accounts,
record information on the generation and distribution of income, saving and investment by institutional
sectors (e.g. household saving), and transactions in financial assets and liabilities (UN et al., 2016). The
ecosystem accounts, once developed, allow integrating monetary information on ecosystem services in
the institutional sector accounts, and information on the monetary value of ecosystem assets and
ecosystem degradation or rehabilitation in the balance sheets.
Developing asset and integrated accounts would fully integrate ecosystems and the capital they represent
into the national accounts, allowing for detailed analysis and monitoring of natural capital, and integrating
natural capital and other types of capital in a national accounting setting.
Given that the asset and integrated accounts can only be developed once the basic accounts (Extent,
condition, ecosystem services supply and use) are available, it is foreseen that these accounts would
become part of a proposal for a follow-up phase of KIP-INCA.
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6. DATA ARCHITECTURE FOR EU ECOSYSTEM ACCOUNTS
Ecosystem accounting depends on the availability of geospatial data that accurately describe the
distribution and condition of ecosystems with sufficient resolution to capture small ecosystems. This
means that a further investment is required at EU level to develop a shared data platform for the
integration of ecosystem-related data at large spatial scale (<1:100 000) than currently feasible for a
number of data sets. Such a shared data platform would be a key building block for operational EU
ecosystem accounts but would also provide substantial value-added for other analytical purposes (see
Figure
4).

Figure 4: Data architecture of KIP-INCA.

The EU ecosystem accounts will be initially based on CORINE land cover/ land use data but increasingly
incorporate Copernicus High Resolution Layers that have a much better spatial resolution. In addition, the
LUCAS micro data, other EU wide geospatial data, data from environmental reporting under EU
legislation and other earth observation data made available through GEO/GEOSS projects will be
integrated during the project lifetime as they become available.
Models of the JRC such as ESTIMAP and LUISA will be an important source of data for many of the
accounts and hence the quality of model outputs will obviously benefit from refined spatial input data.
The system will build upon the MAES framework and the various relevant datasets and monitoring
systems at the EEA, and will be integrated with the accounting data of Eurostat. It will be synchronised
with the main European data collections such as Copernicus, LUCAS, and the population and agriculture
censuses, and the Farm Structure Survey. The full set of tables will be updated in line with the update
cycles of these main data sources.
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This section makes a first proposal for the general INCA data architecture that has to evolve and expand
in parallel to building the system of accounts in KIP-INCA Phase 2.

6.1. THE KIP-INCA Data architecture

Figure 4: Data architecture of KIP-INCA.

The EU ecosystem accounts will be initially based on CORINE land cover/ land use data but increasingly
incorporate Copernicus High Resolution Layers that have a much better spatial resolution. In addition, the
LUCAS micro data, other EU wide geospatial data, data from environmental reporting under EU
legislation and other earth observation data made available through GEO/GEOSS projects will be
integrated during the project lifetime as they become available.
Models of the JRC such as ESTIMAP and LUISA will be an important source of data for many of the
accounts and hence the quality of model outputs will obviously benefit from refined spatial input data.
The system will build upon the MAES framework and the various relevant datasets and monitoring
systems at the EEA, and will be integrated with the accounting data of Eurostat. It will be synchronised
with the main European data collections such as Copernicus, LUCAS, and the population and agriculture
censuses, and the Farm Structure Survey. The full set of tables will be updated in line with the update
cycles of these main data sources.
In addition all data sources would need to be integrated in a common geospatial reference framework (see
Figure 6).
 The development of such a shared data platform for ecosystem accounting is a substantial effort but
can build on experience and tools that key KIP-INCA partners have already developed as part of past
or on-going work
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 The development of the land and ecosystem accounting (‘LEAC’) tools and corresponding accounting
grids at EEA;
 Experience at the JRC with making data available via web service platforms such as the Digital
Observatory for Protected areas (DOPA) or the European Alien Species Information Network
(EASIN);
 Eurostat’s involvement in the United Nations Global Geospatial Information Management UN-GGIM,
the Commission Interservice Group on Geographical Information COGI, the implementation of
INSPIRE in the Commission and building corporate geospatial web-services;
 The increased attention to knowledge management in the organisation of Commission services
including the JRC and DG ENV to connect data producers and data users.
The development of the shared data platform for ecosystem accounting requires a number of steps. Some
of these have been already tackled in KIP-INCA Phase 1 while others require substantial further resource
investment:

Figure 5: Bringing diverse EU level data sets into one common reference frame

1) Review what the most important data sets for ecosystem accounting are – this has been achieved
in KIP-INCA Phase 1.
2) Define which metadata formats, data exchange protocols and data sharing tools are relevant – this
task is ongoing.
3) Design a system architecture for the shared data platform including where to host it – this needs
to be done as part of KIP-INCA Phase 2;
4) Build analytical tools;
5) Design a dissemination strategy for ecosystem accounting information.
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Creating information about natural systems requires a combination of various data sets – statistics,
environmental monitoring data, land use and land cover information (e.g. the LUCAS41 survey), other insitu observations and the analysis of satellite images. This means that the data-processing and analytical
tools (whether for accounting or other tasks) need to be capable of handling geospatial data.
Regarding the choice of data sources and their spatial resolution it is necessary to first define the
analytical objectives of the foreseen ecosystem accounting system. The following steps represent a
simplified approach for establishing a data platform for ecosystem accounting (for further details see
Petersen and Steurer, 2015):
1) Identify what are the essential ecosystem and other parameters for analysing natural capital trends
(e.g. via an analysis of key policy targets on natural capital, as listed in the 7th EAP).
2) Decide on the primary (or main) ecosystem accounting units on which the different ecosystem
component accounts are based and/or which form the main analytical and reporting units.
3) Develop a comprehensive and efficient geo-referenced sampling system for these variables.
4) Review which are the currently available statistical, geospatial and other data sets relevant for
monitoring the parameters identified under 1) and to what degree they match the analytical
structure and sampling frame under steps 2) and 3).
The sequence of steps above helps identify the data sets and other knowledge elements that need to go
into the data platform of KIP-INCA. In addition, data standards, data processing and sharing tools and
models processing data need to be improved and, effectively utilised and/or combined.
In concrete terms LUCAS information such as soil samples, the new grassland module, and the transect
information will need to be exploited further e.g. to develop relevant condition parameters.
A review of statistical data collections, mainly on tourism, agriculture statistics, time use survey will aim
at improving the relevance of these statistics for ecosystem service accounting.
The indicator framework for monitoring the SDGs that will be developed in the coming years has a huge
potential for additional information on ecosystems, in particular as concerns goals 2 on agriculture, goal 6
on water, goal 14 on marine and goal 15 on terrestrial ecosystems. Corresponding research should be part
of the KIP-INCA activities.
By combining the existing knowledge and resources of the KIP-INCA partners and the proposed extra
capacity under KIP-INCA Phase 2, substantial progress can be made in developing geo-referenced data
sets and a shared data platform for ecosystem accounting. Figure 6 illustrates the idea of combining many
different input data layers for ecosystem accounting in a shared spatial grid as essential foundation for
successful ecosystem accounting.

41

http://ec.europa.eu/eurostat/web/lucas/overview
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Figure 6: Aligning diverse input data sets on one common ecosystem accounting grid

This work needs to proceed in an iterative fashion and will require a substantial investment in the KIPINCA project and beyond. However, substantial steps have already been taken by operating Copernicus
and establishing the EU data centres, and implementing INSPIRE. KIP-INCA can now help to better
integrate spatially the data sets in the different EU data centres. This will ultimately have substantial
value-added for analysis beyond ecosystem accounting as an improved data foundation would have
benefit for all analytical models and approaches that require a similar data as ecosystem accounting.

6.2. Expanding the source data – the example of ecological area sampling
A key aspect of a full implementation of the KIP-INCA is a focus on improving the usefulness of existing
source data and extending the source data available. One possible categorisation of the source data is into
satellite images, administrative data, statistical surveys and point observations in the field. The following
concept describes the potential for expanding source data availability along the last category.
The main characteristics outlined in the following part are referring to results of a German-British
cooperation in the 1990s (Seibel, 1997) 42.

42

S. Seibel, LAND USE AND BIODIVERSITY INDICATORS FROM ECOLOGICAL AREA SAMPLING RESULTS OF A PILOT STUDY IN GERMANY, Joint ECE/EUROSTAT Work Session on Methodological Issues
of Environment Statistics, Neuchâtel, Switzerland, 22-25 September 1997
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Figure 7: Member States' example of ecological Area Sampling in two levels

At the first level, indicators of landscape quality and of biotope quality are covered for the sample units
(size 1 km2). For this purpose, aerial photographs are evaluated to cover the ecosystems existing in a
given sample area. Subsequently, the landscape is examined (through a field survey) and the ecosystems
checked for their coverage or, where necessary, further specified by means of an ecosystem classification.
Moreover, the field survey allows the coverage of small scale ecosystems that are not visible on the aerial
photograph. For important ecosystem types, the field survey also serves to cover additional variables on
their condition. Subsequently the data are aggregated to higher levels such as land classes (see below) or
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ecosystem types. Results are evaluated both for the complete set of ecosystems concerned and for
individual ecosystems types.
At the second level, these results are supplemented by an analysis of the species (plants and some groups
of species of animals) existing in randomly selected subsample units within the sample areas of the first
level.
Only when the assessment of the first level is linked with the stock of species in individual ecosystems as
it will be possible to arrive at a satisfactory assessment of the ecosystem quality with regard to the
physical structure, as is planned for the indicator system.
Proposals going in a comparable direction have been presented for example in the 2012 TEEB
conference43 or in the overview by Waldhardt44 or Walz45.

7. GOVERNANCE OF KIP-INCA
The main responsibilities of the different INCA partners were defined in the Scoping Paper for KIPINCA Phase 1 thereby building on their respective expertise and staff capacity:
 Eurostat: Coordinator; statistical and accounting expertise, geospatial information management;
LUCAS data;
 EEA: Accounts for ecosystem extent and condition; long experience with ecosystem accounting &
ecological analysis, processing of CORINE and Copernicus data for land monitoring;
 JRC: Ecosystem service accounts & economic valuation; strong modelling capacity and expertise;
broad scientific knowledge, research networking activities as partner in Horizon 2020 projects;
 DG ENV: Policy applications & valuation; needs for the knowledge base for policy making
 DG RTD: Link to EU research and innovation programmes and Horizon 2020
This distribution of roles should be maintained during KIP-INCA Phase 2. EEA and the JRC are likely to
take the main responsibility for the technical work on the components of the overall INCA system.
The core ecosystem accounts for ecosystem extent, ecosystem condition and some thematic accounts
(land, water and others) will be compiled by the EEA. Given prior EEA expertise and the importance of
these accounts for building a basic geospatial platform for ecosystem accounting the EEA would also be a
key partner in developing the basic spatial infrastructure and related tools and workflows. In addition, the
EEA is supporting the further development of CICES as ecosystem services classifications.
The ecosystem services flow accounts will be compiled by the JRC based on land cover, statistical and
other data sets as well as models for the different ecosystem services that largely exist already due to the
work on MAES. JRC will also take forward work on monetary valuation, in consultation with other
partners, in particular DG ENV.

43

TEEB Conference 2012 , Stefan Marzelli, Adrienne Grêt-Regamey and Thomas Köllner , First Steps of an
ecosystem service catalogue at national level for Germany

44

Rainer Waldhart, Biodiversity and landscape—summary, conclusions and perspectives, in: Agriculture,
Ecosystems and Environment 98 (2003) 305–309

45

Ulrich Walz, Landscape Structure, Landscape Metrics and Biodiversity, Living Rev. Landscape Res., 5, (2011),
http://www.livingreviews.org/lrlr- 2011- 3
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The role of RTD would be to finance research and innovation projects and actions relevant for the
development and implementation of INCA, and support a good coordination between current and past
projects and KIP-INCA and MAES. This should include supporting the methodological advancement of
INCA (physical accounts as well as valuation) and supporting the testing and implementation in Member
States.
Eurostat will supply statistics and additionally will continue as project co-ordinator with a strong mandate
from the EKC. The SEEA EEA handbook will be revised in the next few years where Eurostat will
represent the Commission. Once the SEEA EEA will be mature, Eurostat will take ownership of the
technical decisions related to ecosystem accounting in interaction with Member States. Eurostat will also
contribute with expertise on geospatial information management initiatives such as UN-GGIM and on
monitoring the UN Sustainable Development Goals with relevant indicators.
DG ENV will provide overall policy direction for the range of issues covered in KIP-INCA, including
natural capital accounting, valuation, biodiversity, ecosystems, as well as broader environmental and
sustainable development issues. This also includes implementation of the EU Biodiversity strategy, the
MAES initiative, coordination with a range of other policy areas such as nature, agriculture, water,
marine, economic and social policies. DG ENV is also active in supporting Member States in
implementing the EU Biodiversity Strategy, as well as international activities such as WAVES, TEEB,
the new Partnership Instrument project on NCA.
DG ENV will also assure the integration of relevant elements into the range of relevant policies managed
by the Commission, both in Europe and internationally such as achieving the SDGs.
A high level project steering committee will regularly review the progress of KIP-INCA and will ensure
that the necessary resources for achieving the goals of the project are available.
The governance of KIP-INCA will have to include Member States representatives from the statistical and
environmental accounting communities. A flexible structure to engage both MAES and statistical
communities will be developed, using existing bodies where possible. This could include for example
continued parallel interactions with the MAES Working Group and with the Eurostat environmental
accounts Working Groups, combined with e.g. annual workshops bringing together both expert
communities.
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8. IMPLEMENTATION SCENARIOS FOR KIP-INCA PHASE 2
This section presents alternatives for how to continue the work on KIP-INCA, presented in the form of
three broad scenarios: carrying on with 'business as usual', and two levels of increasing ambition,
commitment and engagement. The scenarios indicate a clear gradation of increasing benefits – but
obviously with increasing investment needs. With each of the scenarios one can in principle reach at least
some of the objectives of KIP-INCA by 2020, but to varying extent and within longer or shorter periods
of time. For the sake of simplicity, three main scenarios are presented, so as to enable an overview of the
main relative strengths/weaknesses; however, sub-options within each scenario can be combined to
construct a final choice.

8.1. Business as usual (BAU)
In this scenario one would attempt to achieve partially the objectives of the KIP-INCA based on carrying
on with 'business as usual'. This includes the activities to which each partner is already committed, but
without going beyond this in any way.
This scenario corresponds to what can be achieved with the existing resource commitments that already
have been made, from 2016 quarter 3/4 onwards. This includes the JRC's planned additional recruitment
of staff, ENV's planned support service contract, planned resources at EEA and other commitments
planned/agreed by the different partners. Eurostat would not assign extra human resources. The existing
Horizon 2020 programmes would continue but without further calls, the scope and range would be limited
and would not advance all components of KIP-INCA (e.g. not all ecosystem types would be included).
Coordination would carry on as is currently the case, relying on willingness of partners to contribute, and
with the risk of slow decision taking.
In this scenario a range of physical ecosystem accounts would be prepared, including accounts on
ecosystem extent and simplified ecosystem condition and ecosystem services supply-and-use accounts.
Valuation of ecosystem services based on existing JRC methods would be included, and only a limited set
of monetary accounts would be compiled. The system of accounts would be solely based on currently
existing data sources such as CORINE, Copernicus and existing reporting and statistical data sources,
including EU environmental reporting. LUCAS information would be exploited to determine ecosystem
condition but the LUCAS data collection would not be adapted to the requirements of ecosystem
accounting. Work would be fully integrated with the MAES initiative. Only limited resources would be
available to developing a common geospatial platform for existing data sources and this would have to
rely on existing data infrastructures such as INSPIRE. Models would not be adapted specifically to KIPINCA needs and statistical information would not be enhanced specifically for KIP-INCA purposes in
terms of scope, spatial resolution or frequency. This means that the spatial resolution of much of the KIPINCA output would be less detailed than desirable for fully developed ecosystem accounts.

8.1.1. Strengths


This approach represents a first step in the direction of building an integrated system for ecosystem
accounting in line with the SEEA EEA. Priority would be on harvesting low-hanging fruit in terms
of developing an initial EU ecosystem accounting system, with a focus on those ecosystems that
have high policy relevance and where data is readily available.



Attention would also be given to improving the geospatial platform of the accounts but this would
have to rely on existing approaches with limited targeted staff capacity to develop this fully.



The outcomes can be used to do some testing in EU Member States and outcomes of the work can
provide input to the SEEA EEA process.
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No additional resources are needed, but this assumes that there is no scaling back of existing and
already planned resources by 2020 (and beyond).

8.1.2. Weaknesses


There are limitations in terms of how quickly and how extensively all aspects of the project can be
achieved. For example, not all accounts of the SEEA-SEA would be implemented (only simplified
ecosystem condition accounts, and not the full range of ecosystem service accounts would be
developed) and uncertainties would remain with respect to broad applicability of the valuation
methods used.



The approaches to modelling the ecosystem services (as listed in Table 7) would be limited to
physical accounts and for fewer ecosystem services monetary accounts would be calculated. The
number of ecosystem condition indicators will be very limited, and most of the indicators would be
generic and few will be ecosystem specific. All this would influence how representative of reality
the accounts would be.



The focus would only be on the ecosystems types that are better understood (e.g. forests, croplands),
significantly underestimating the role of others – for example, the importance of marine ecosystems
and coastal/marine services. As a result, policy applications would be limited mainly to agricultural
and forest areas.



Large-scale involvement of Member States would not be carried out and there would also be a lack
of systematic exchange at EU and Member States level. Developments in front runner Member
States could compete with EU level developments and this could lead to a number of different
approaches becoming competing "standards". This would lead to a lack of EU harmonisation that
could become increasingly difficult to resolve at later stages.



There would not be Member States ownership of the accounts developed at EU-level, which could
reduce their use in policy-making. No capacity-building would be created in less advanced
(follower) Member States. This is not in line with action 5 under Target 2 of the EU Biodiversity
Strategy to 2020 which foresees that Member States will do the work with the assistance of the
Commission.



For many of the accounts and ecosystems parameters, suitable data sources and methods still need to
be developed. Accordingly, the production of a set of robust accounts at suitable spatial resolution
will be delayed well beyond 2020, missing the opportunity to influence decision making at national
and EU level in important policy phases.



Using EU-level available data only would lead to a high margin of error (and therefore unreliable
results) at local, regional and even national scales in some cases. This issue would reduce the
usefulness of the NCA and may challenge their future development.



The overall EU system would most likely lag behind current implementation of SEEA Ecosystem
accounts in other parts of the world, e.g. the US, Canada, Australia and several developing countries
that are part of the World Bank's WAVES initiative. This would miss the opportunity to build on
leadership developed through MAES.



Similarly, the EU will miss the opportunity to influence the global assessment of biodiversity and
ecosystem services from IPBES.



This scenario only goes some way to realise the potential of NCA in the EU. Although an EU wide
scale would be achieved, it would not be sufficiently robust or spatially detailed enough to provide
the basis for an EU level framework for Member States in time to have a significant impact by 2020.
This could end up leading to a fragmented EU approach, missing the opportunity to influence
important policy making decisions, and for the EU to be a frontrunner at global level.
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8.2. Basic KIP-INCA
This scenario builds on the previous 'business as usual' scenario by adding three main components:
(a) by augmenting activities through the support of a dedicated Horizon 2020 programme, in particular to
enable large-scale NCA demonstration and implementation work and support actions within EU
Member States, and a grants programme to national statistical offices;
(b) by increased efforts to improve the data situation, models and coverage of ecosystem services for
terrestrial ecosystems (including: crops, timber, fish, pollination, water purification, air filtration,
carbon sequestration, recreation and tourism, and to the extent possible also flood protection).
(c) by including efforts to tackle marine ecosystem services to the same degree of detail as land based
ecosystems. This would include additional staff resources from JRC and EEA, Horizon 2020 funding
and some limited grants to complement this;
(d) Eurostat to add 1 FTE for project management and methodological supervision according to SEEA
EEA.
These components would require stronger overall management and coordination. The Commission and
EEA would form a steering committee of the project and would closely follow the implementation of the
system.
For (a) DG RTD would use resources from the Horizon 2020 programme and launch a call for proposals
for the development of the operational INCA system in a set of Member States, combining “frontrunners” and “followers”. Such large scale demonstration projects across the EU would be supported by
EU level data sources and an established INCA methodology.
This would allow Member State authorities, their involvement and commitment being a critical factor, to
test and implement the ecosystem accounts at national level from 2018 onwards based on the guidance
developed at EU level. An open design would allow the additional inclusion of new data sources once
they become available and allows Member States to connect their national system provided they follow
KIP-INCA and SEEA EEA principles. The open design would help ensure harmonisation and enable the
creation of a community of practitioners and enrich the EU level accounts. This action would be
complementary to other calls for proposals that would ensure continuity of research on biodiversity
knowledge gaps; ecosystem functioning, condition, services, and capacity, as well as on valuation
methodologies for accounting.
(b) The extra staff capacity would enable KIP-INCA partners to improve data, models and coverage of
ecosystem services.
For (c) the scenario would start the stepwise development of marine ecosystem accounts. Marine
ecosystems are very important natural assets and provide a wide range of ecosystem services for Europe –
for example provisioning (such as food), regulating (such as carbon sequestration) and cultural services
and tourism. Marine ecosystems are especially important for a number of Member States. The Common
Fisheries Policy (CFP) and the implementation of the Marine Strategy Framework Directive (MFSD) also
provide important policy and management frameworks within which marine ecosystem accounts would
be a natural fit. Strengthening the knowledge base on marine ecosystems would also support more
environmentally-informed blue growth priorities in the EU. Although the methods for accounting for
marine ecosystems are much less mature than for other ecosystems, some initial proposals have been
developed under KIP-INCA Phase 1 that could be usefully built upon in KIP-INCA Phase 2.

8.2.1. Strengths
 With this approach implementation of a harmonised EU system can be achieved with a number of EU
Member States. It offers best available expertise from Member States practitioners and researchers and
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helps building long term capacity, buy-in and commitment at Member State level, which is essential
for developing accounts in a robust and sustainable way. It also enables an effective approach to
testing that can, with time, lead to a robust and usable system across the EU.
 The extra staff capacity would enable KIP-INCA partners to make substantial progress in integrating
different data sets and to create a common data platform that will have substantial value-added beyond
ecosystem accounting.
 The improved spatial resolution of data and completeness of the EU ecosystem accounting system
would lead to better knowledge for evaluating European policies as well as the achievement of targets
under the 7th EAP. It could also serve as a reference base for planning the implementation of EU
funding programmes together with Member States, such as EU Regional Development Funds.
 The main underlying knowledge gaps on ecosystem services and valuation methodologies would be
addressed thanks to experimentation and testing of methodologies, at EU level and in “front-runner”
countries.
 Empowers Member States to build their own systems and capacities. An effective management and
governance structure would produce robust initial results effectively by 2020-2021.
 Includes the benefits of accounting for marine ecosystems. This includes the notable contribution of
services provided, in terms of the scale of marine ecosystems extent and the significant services they
provide. It would assist with the implementation of MSFD and CFP Directives, and provide support
for ongoing and future work on the Blue Economy and on Ocean Governance.
 Horizon 2020 support can be complemented with other funding sources, like Structural Funds or
LIFE. This would increase the level of ambition of the projects and even lead to obtaining improved
spatial resolution data and more complete coverage of ecosystems and their services.

8.2.2. Weaknesses
 The results of Horizon 2020 calls for proposals are not fully predictable. For instance there are
relatively few researchers with an in-depth knowledge of the SEEA EEA framework. The composition
of the consortium (it should involve for example research centres, Member States environment
ministries and statistical offices) and the focus of the project are uncertain - and therefore the results
delivered. However, this is a risk that can be managed through the Horizon 2020 Work Programme
and procedures.
 Would require a strong drive from the Commission and commitment from public authorities involved
in the consortium. Steering the work would need careful attention to allow flexibility and yet enable a
harmonised approach to avoid fragmentation of systems.
 R&I demonstration projects do not necessarily ensure continuous production of accounts. Therefore,
in the long term, a sustainable support for accounting is required in order to ensure a follow-up and
continuity from the demonstration phase of the work. This makes the commitment from public
authorities essential.
 Substantial investments into marine data sources are needed in order to develop a robust knowledge
base to allow the creation of marine accounts.

8.3. Full (Enhanced) KIP-INCA
This scenario expands on the Basic KIP-INCA scenario above by:
(a) working towards greater spatial resolution and better data integration;
(b) considering a greater range of ecosystem services within the time frame considered;
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(c) making available more significant grants for statistical and analytical capacity building in Member
States, similar to those in the development of environment economic accounts (which could focus in
particular to help develop pilot physical and monetary accounts in Member States).
The outcome would be more comprehensive accounts in terms of ecosystem service/type coverage, more
progress in particular on monetary accounts, and quicker implementation due to increased resources, so
that more is achieved by 2020. The input into policy making would generate more value-added for other
activities that require a similar data foundation.
A larger and more extensive set of ecosystems services could include, for example, marine carbon
sequestration and oxygen production, coastal protection services, full flooding protection services, soil
fertility, pest control, mediation of noise pollution, wind and local urban climates, as well as more
detailed and improved representations of leisure and cultural services. Accounting for these services
would be of value in a broader range of policy areas, by providing greater and more representative
information of the range and overall value of ecosystem services in operation.
The system would be based on consistent high resolution data integrated into a single geospatial platform.
In addition the source data for the physical accounts would be enhanced. The spatial resolution of
CORINE/ Copernicus would be significantly improved compared to the current Minimum Mapping Unit
(MMU) of 25ha, but the EU work would also aim to integrate data at better spatial resolutions (possibly
up to 2.5m, MMU of 10m2 in certain Member States studies) that could better represent ecosystems and
their services. The temporal and spatial resolution and the thematic disaggregation of socio-economic
statistical data would be improved where needed for recreational ecosystem services. The Enhanced
INCA scenario would provide a meaningful set of ecosystem condition parameters per ecosystem and
ecosystem service type, including enhancing LUCAS to collect additional information on ecosystem
condition. GEO/GEOSS is another potential source of higher resolution data that has to be explored.
This scenario also requires continuous research to improve models, methods, data and data processing
techniques. Corresponding research programs will have to be designed, and results will have to be
evaluated and tested before feeding them into the operational system.
The work on valuation and pilot monetary accounts would aim to develop robust and well tested
approaches to valuation and monetary accounts. Such work would be based on producing an overall EU
system, methodology and guidelines with 'front-runner' Member States and working with a number of
Member States that are at an earlier phase of development, in order to facilitate rapid implementation.
This could significantly help mainstreaming of natural capital in key policies at national and EU level.
Eurostat and DG ENV could provide targeted grants to national statistical offices and other national
authorities that are part of the European Statistical System, to at later stages bring forward work
developed under Horizon 2020 funding, to produce significant and long lasting support across the EU.

8.3.1. Strengths
 High resolution data sources are beneficial for accurate ecosystem accounting, mapping and other
applications (e.g. land use statistics). Availability of higher spatial resolution data could lead to the
better representation of ecosystems and their services. Biodiversity and ecosystem services occurring
at larger scales (e.g. small wooded areas, hedgerows, small scale water systems, linked to streams,
ponds, etc.) will not be omitted and service contributions can be aggregated upwards to macro levels.
 As a consequence, NCA would be more useful for policy and decision-making, including at regional
and local scales.
 Better representation of the range of ecosystems services would lead to better indicators, allowing
more robust comparisons with financial and human capital and better integration of natural capital in
decision-making.
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 Enables an effective way of developing and testing monetary valuation approaches and demonstrating
their use in policy applications in a convincing manner, avoiding the situation where insufficient
testing leads to potentially misleading outcomes, which could undermine the usefulness of the
approach. Also avoids the need for Member States to have to develop their own systems for valuation
before an EU level framework has emerged. On the other hand, it would offer the opportunity to
Member States with relevant experience to be part of the development of such a framework, and to
share best practices with other Member States.
 The management and governance structure would lead to a broader and timelier range of results by
2020. In addition to creating the actual European accounting system, the KIP-INCA project would also
contribute to the community building and capacity building of a European network of Natural Capital
Accounting experts under EU leadership. As such the EU would most likely set the standard for all
national and regional systems and, by 2020, the EU could become a leading region in the world for
NCA, actively and fully contributing to the development of the SEEA EEA standard. Most
importantly, the timely development of robust accounts could significantly contribute to better EU
level policy making post-2020 by estimating the value of natural capital in a consistent way across the
EU.

8.3.2. Weaknesses
 Substantial investments into full data integration at larger spatial scale would be required, e.g. for
LUCAS and Copernicus. Harmonisation with high resolution national data would have to be ensured.
This brings many dependencies with other programmes such as LUCAS, Copernicus and the European
Statistical System work programme. Improving those data sources would be challenging and would
also require further investment at Member State level.
 Increased resources (especially, human resources) due to inclusion of more ecosystem services.
 Increased resources due to development of pilot monetary accounts at EU level and with Member
States.
 Given the increased ambition with multiple activities in this scenario, coordination and project
management will be more demanding and hence require more staff at key partners.
 High risk of partial and misleading information in the accounts as monetisation is unlikely to be
feasible for all relevant ecosystem services, especially in areas where the underlying ecosystem
information is incomplete or missing, notably in marine ecosystems.
 A full INCA could take more time to build than expected as uncertainty increases with amount of
work ahead.

8.4. Conclusions
All three scenarios presented are realistic, but the development of accounts will be increasingly more
complete, timely and provide greater value under options 2 and 3, whereas option 1 will only make a first
attempt by 2020.
Regardless of the scenario adopted, INCA should contain the following recommended features:
Data quality and architecture: Achieving high data quality and reliable spatial referencing will be
an essential feature of the work both in the medium and longer term. The data architecture proposed for
KIP INCA involves taking different data sets and integrating them into a common geospatial data
platform, in a way that will avoid bottlenecks in data processing. This integrated data platform would
enable efficient data sharing and the production of derived data sets and accounting tables to underpin
further analysis.
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Spatial resolution: to include enhanced spatial resolution, possibly to a MMU of 1ha, but with
possibility to reach higher spatial resolution. Developing data of higher spatial resolution would require
substantial investments and time but would allow better representation and more accurate accounting of
ecosystems and their services – especially those that occur in small areas. It would include
CORINE/Copernicus data with a MMU of 1ha, though with possibility for work to include higher spatial
resolutions (e.g. in urban areas), and could integrate other sources, such as GEO/GEOSS.
Ecosystem types: All broad ecosystem types as defined in the MAES initiative would be
included, whilst recognising that some ecosystem types are better understood (e.g. forests, croplands), and
others require further investments for developing the knowledge base, in particular for marine
ecosystems. The development of marine ecosystem accounts would ensure that the wide range of
ecosystem services they provide in the EU are adequately taken into account. Marine ecosystem accounts
support the implementation of a variety of EU policies, including the Common Fisheries Policy and the
Marine Strategy Framework Directive, and would also contribute to recent Commission priorities such as
Ocean Governance and the blue economy.
Ecosystem Services: The minimum set of ecosystem services would include a balance of
provisioning, regulatory and cultural services, including: crops, timber, fish, pollination, water
purification, air filtration, carbon sequestration, flood and erosion control, recreation and tourism (see the
selection of the ecosystem services in Table 7). This includes ecosystem services that have political
traction and would make a difference in terms of the visibility of ecosystem contributions (e.g.
pollination, flood control, water purification). It would help demonstrate how different types of ecosystem
services contribute to e.g. food security, climate mitigation and adaptation, health and human well-being.
Types of accounts: The INCA would be designed to produce accounts of: ecosystem extent
(delineating ecosystems and measuring changes in areas covered by ecosystems); ecosystem condition
(capturing parameters that are linked to essential ecosystem processes, per type of ecosystem); ecosystem
service supply and use (connecting the generation of ecosystem services by ecosystems to the use by
economic sectors and activities, following international classifications), experimental asset accounts (in
monetary terms, based on the net present value of the expected flow of ecosystem services) and capacity
accounts (capacity of an ecosystem to generate ecosystem services under sustainable ecosystem
management). The monetary accounts would be compiled based on JRC-developed methods on the
valuation of a specific set of ecosystem services, complemented by pilots in Member States. Additional
thematic accounts (e.g. land, biodiversity, water, fish) could be considered for specific policy focuses and
benefits.
Integrated accounts aim to integrate information from the ecosystem services supply and use, ecosystem
asset account and national accounts (institutional sector accounts and balance sheets). Given that the full
asset and integrated accounts can only be developed once the basic accounts are available, these could
become part of a proposal for a follow-up phase of KIP-INCA, although some first prototypes could be
produced for illustration in phase 2. These types of accounts will support the full integration of ecosystem
accounts into economic decision making at national and EU level.
Pilot projects in Member States and research: KIP-INCA would test and implement accounts at
the level of Member States, based on a consistent methodology developed at EU-level. A combination of
Horizon 2020 demonstration projects and statistical grants for pilot projects would be needed. Specific
research calls for proposals would also be needed to tackle longer term knowledge gaps (e.g. link between
biodiversity and ecosystem services capacity, understanding of implications behind economic valuation
assumptions). Piloting will produce "first of its kind" results, demonstrate progress in the EU and
contribute to developments at international level.
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8.5. Investments in the EU MAES initiative so far
Since the launch of the EU MAES initiative in 2012, the following investments have been made by EKC
partners:


DG ENV service contract (MESEU) supporting mapping of ecosystem services in Member States
2013-2015);



DG ENV service contract (TRAIN) for training Member States on mapping ecosystem services
through Hands On workshops (2015) using QuickScan (EEA) and ESTIMAP (JRC) models and
tools;



DG ENV framework contract (2015) for the Mapping and Assessment of marine ecosystem services
and link to good environmental status (phase I);



Coordination support action funded under Horizon 2020 ESMERALDA (42 months, 20 Member
States involved) launched in February 2015 for 3 years to support MAES in 20 Member States and
some third countries;



MAES biophysical work also indirectly benefits from the knowledge generated in several EU
research projects such as OPERAs and OpenNESS, MARS on freshwater ecosystems, PEGASUS on
public goods from agriculture, STEP on pollination funded under FP7, and knowledge generated by
EU Horizon 2020 projects including the European Research Area on biodiversity and ecosystem
services, i.e. Biodiversa 2 (completed end 2014) and 3 that started in February 2015 for 5 years,
which are co-funded by EU and its Member States;



Horizon 2020 research projects on freshwater and agriculture



MAES-related support work was also included in ENV, JRC and EEA annual work programmes;



MAES biophysical deliverables are published on an interactive web page
(http://biodiversity.europa.eu/maes) on the Biodiversity Information System for Europe with support
from core budget of EEA and service contract from EU (2011-2014 and 2015-2018) and JRC has
developed an Ecosystem Services Partnership Visualisation Tool (http://esp-mapping.net/Home) for
the global Ecosystems Services Partnership;



Support to international activities on NCA including the WAVES project with the World Bank on
wealth accounting with implementation in eight countries (mainly DCs and MICs).



The Partnership Instrument on NCA starting in 2016 will develop capacity in ecosystem accounting
and valuation by piloting the UN SEEA methodology Brazil, China, India, Mexico, South Africa. It
is led by UN Statistical Division and UNEP is a partner. Future expansion of WAVES+ to a broader
range of countries could result in EC contribution starting in 2017.
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9. KIP-INCA PHASE 2 AS A PROJECT
Building the INCA system of natural capital accounts will be a long term, multi-partner and cross-domain
project. It is ambitious in terms of methodological development, IT requirements, and data needs.
Depending on the selected scenario, the actual scope of the system and the speed of implementation will
be different but there are also elements that are relevant for all scenarios. Depending on the scenario that
can ultimately be realised for phase 2 (2016-2020), it is likely that a phase 3 would be needed, which
would build on the deliverables of Phase 2 and develop further incomplete components to work towards
fully developed ecosystem accounts in the EU.

9.1. Project goals and indicative roadmap
KIP-INCA aims at better serving various customers from the public and private sector. It will enable
decision makers in charge of protecting, using and enhancing Europe's natural capital and biodiversity to
take informed decisions that will have a positive effect on the service provision of ecosystems, or at least
to understand the impact of their decisions on ecosystems and their services.
KIP-INCA will most likely be the first cross-border system for natural capital accounting and will
therefore be the first international test case for the SEEA EEA. This makes it a highly influential project
globally. In addition to building an operational INCA system, KIP-INCA would have the following goals:


A complete set of harmonised natural capital and ecosystem accounts implemented in at least
some Member States and published by national and EU services, which can support a range of
policies



Established EU Methodology for ecosystem accounting based on SEEA EEA, including valuation
methods, quality assurance and the handling of knowledge gaps;



Increased capacity to develop NCA in all Member States and integrate these systems with INCA;



EU wide network of experts and governance structure on ecosystem accounting, composed of
experts from EU Institutions and Bodies and Member States including statistical agencies;



Long term operation, maintenance and improvement strategy, including building a quality system
for ecosystem accounts;



Roadmap for improving existing and planned datasets that are essential or relevant for ecosystem
accounting, improving data interoperability;



Development of an IT system and tools supporting data loading, integration, data validation, data
processing, model support, calculation of account information and creation of relevant outputs in
the form of tables and maps;



Coordination and synergies with relevant activities such as MAES, LUCAS, Copernicus,
statistics.

The table below illustrates an indicative timeline for the implementation of a full set of natural capital and
ecosystem services accounts to 2020.
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General roadmap for the full (enhanced) KIP-INCA (scenario 3)
KIP-INCA
components

2017

CORINE & Copernicus
Data
foundation
and
architecture

Ecosystem
extent
account

Data architecture & pilot tools
developed

2018

2019

Copernicus High Resolution
Layers (HRL) (part)
Integration of LUCAS and
sector statistics in geospatial
platform

Copernicus HRLs (all)

Copernicus HRLs (all)

Integration of reporting data
(Nature directives, WFD) etc.
in geospatial platform

Integrated EU data sets
Integration of Member States
data in geospatial platform

Tier 3 completed (EUNIS x
CORINE + Copernicus HRLs)

Tier 1 completed

Tier 2 under testing

Tier 2 completed

(MAES x CORINE)

Tier 3 under development

(MAES x CORINE x
Copernicus)

 pilot account

2020
(and beyond)

 full accounts

Tier 3 under testing

Ecosystem
condition
account

Ecosystem
services
accounts

Methodological approach
consolidated building on MAES
work streams

Application of approach on
basis of available data
 pilot account

Refinement of approach and
improvement of data foundation
on basis of experience in pilot
accounts

Roll-out of refined
methodology and update of data
foundation

Roll-out of refined
methodology and update of data
foundation

Development of first batch of
accounts

Improvement of related models
and data foundation

Updating and development of
remaining batch of accounts

 pilot accounts

Update of 1st accounts

 updated pilot accounts

 full accounts

 full accounts
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KIP-INCA
components

(Monetary)
Valuation

2017

Development of
methodological approach

Interaction
with Member
States

2019

Application to first set of
ecosystem service flows
 first pilot accounts

First pilot EU accounts and
methodologies
Use and
applications

2018

Use of ecosystem service
accounts as input to CAP
review as far as possible

Horizon 2020 action and
statistical grants: call for
proposals to champion and pilot
work with EU MS.
Reporting to MAES WG &
Eurostat Directors group & WG
Workshops on selected
technical issues

Review of pilot EU accounts
and methodologies as input to
policy & Green Economy
discussions, and first
experiments in EU MS.

2020
(and beyond)

Review and refinement
Application to second set of
ecosystem service flows

Roll-out of refined
methodology

Use of accounts in analysing
trends in green infrastructure
and marine policies

Use of refined accounts for
better management of natural
capital, e.g. in Natura 2000
areas

 full pilot accounts

Regular production of key
indicators
Horizon 2020 action and
statistical grants: launched to
champion and pilot work with
EU MS.
Reporting to MAES WG &
Eurostat Directors group & WG
st

1 EU conference on natural
capital accounting
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Horizon 2020 action work and
statistical grants: initial results
published

Horizon 2020 action and
statistical grants: publication of
outcomes

Combined statistical & MAES
working group formed

Statistical & MAES working
group regular meetings

Further technical workshops

2nd EU NCA conference

9.2. Risks
9.2.1. Technical risks
One major risk is the large minimal mapping unit of CORINE as the main current data source of KIPINCA. In general very few data sources are available at the necessary spatial resolution and with frequent
and synchronised update cycles. As an example tourism data is only available at NUTS 2 level, but not
with the necessary disaggregation that would allow attributing tourism to ecosystems.
According to the experience in the Netherlands, where much more detailed data are available, the margin
of error using data available at EU level is large. The resolution of data has a strong effect on the
reliability and credibility of the whole system.

9.2.2. Operational risks
The set of parameters for describing ecosystem condition still needs to be established with unknown
effects on data requirements. The set should not be too large for easy maintenance but at the same time
specific enough for the ecosystem type. It should build on the data being reported by Member States to
the EU and ideally contribute to streamlining monitoring and reporting obligations in environment policy
(cf. Fitness Check of EU environmental monitoring and reporting).
The adaptation of future LUCAS surveys to the requirements of ecosystem accounting could be costly, in
particular for determining ecosystem condition, due to high field operation costs and difficult training of
surveyors.
The complex set-up of the project with four key partners distributed over four sites makes the project
management and communication complicated. Also the responsibilities between the partners are not well
established yet, e.g. the geospatial competence is now potentially shared between JRC, EEA and Eurostat.
The methodological issues around asset accounts, monetary accounts and capacity accounts might not be
solved during the duration of the project.
Many data sources are available but they are not harmonised, interoperable and regularly maintained. This
creates the risk that from one accounting period to the next, new data sources will have to be found and
the accounting methods will have to be adapted.

9.2.3. Acceptance risks
Member States may start developing or in fact continue developing their national systems in a way that
makes them incompatible with KIP-INCA, e.g. due to different ecosystem classifications, ecosystem
condition indicators, ecosystem services classifications, or different valuation methods. So for INCA to be
a success Member States will have to adopt the standards set by KIP-INCA and make their national
systems, if any, compatible.
Decision-makers, either in policy or from businesses, would not accept the indicators and information
derived from KIP-INCA due to unclear trends, insignificant signals, or relatively small valuation amounts
compared to GDP.
Regarding valuation, the various approaches might be challenged from different sides, as there is often no
single established methodology to establish the monetary value of an ecosystem and its services.
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ANNEXES
ANNEX 1. LIMBURG CASE AS AN ILLUSTRATION OF THE NCA APPROACH
(A synthesis adapted from CBS, 2016; for the full accounts see CBS, 2016 and WUR, 2016)

1. Introduction
Currently, neither the ecosystem contributions to economies, nor the losses or increases of ecosystem
assets or services are accounted for in national and international statistics. To fill this gap, in 2014 the
United Nations Statistics Department launched the System of Environmental Economic Accounts –
Experimental Ecosystem Accounting (SEEA EEA, UN et al., 2014). This publication provides
provisional guidelines and encourages nations to experiment with Ecosystem Accounting using methods
that are consistent with the System of National Accounts (SNA). It is a novel approach to measure the
contribution of ecosystem services to national economies. The SEEA EEA were developed with the
purpose to ‘better inform individual and social decisions concerning the use of the environment by
developing information in a structured and internationally consistent manner, based on recognition of the
relationship between ecosystems and economies and other human activity’ (UN et al., 2014).
The current study was carried out by Statistics Netherlands in collaboration with Wageningen University.
This project was financed by the Dutch Ministries of Economic Affairs and Infrastructure and the
Environment. For this pilot project, the Limburg Province was selected because within the Netherlands it
is known for its attractive countryside and relative naturalness, and because several ecosystem services
maps were available for the province based on a previous project implemented by Wageningen University
(Remme et al., 2014; Remme et al., 2015). For the project, eight different ecosystem services were
selected, based on data availability and feasibility to map and analyse these services, and for these
services the physical and monetary flows were modelled. In addition, an Ecosystem Unit map was
developed for the Netherlands. On the basis of this map, the maps of these services available from
Remme et al. (2014 and 2015) were enhanced. In this annex, we present the methods and results for the
pilot project carried out in Limburg and we discuss the implications of the findings and provide
recommendations for future work.

2. Methodology
2.1 The SEEA ecosystem accounting approach
The ‘System of Environmental Economic Accounts – Experimental Ecosystem Accounting (SEEA EEA)’
was developed and published under auspices of the UN Statistics Division (UN et al., 2014). Ecosystem
accounting aims to identify changes in the condition and extent of ecosystem units and the resulting
changes in the quantity and - where possible - monetary value of the supplied ecosystem services.
Consequently, Ecosystem Accounting provides a powerful tool to monitor the economic impacts of
pressures as well as protection measures on ecosystems and the subsequent changes in ecosystem
services.
The SEEA–EEA is based on the concept of ecosystem services, which is also explained below. The
accounting logic is as follows: extent and condition of ecosystem units determine the possible supply of
ecosystem services to the economy (Capacity), whereas the actual supply also depends on the demand for
services (Use). Thus, following the SNA rules, supply equals use. Accounting tables are then developed
for ecosystem condition (including extent), and for the supply and use of ecosystem services (e.g. kg · ha 1
· yr -1), in physical terms. In addition, the monetary supply of ecosystem services (€ · ha-1 · yr -1) can be
analysed. In the current study, the physical supply and use tables and the condition table were developed
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and populated where possible. In addition, monetary supply and use tables were developed by
Wageningen University.
The SEEA EEA also provides information on the concepts of monetary asset and capacity accounts. In
addition, a set of supporting accounts (biodiversity, carbon, land, water) was envisaged in the guidelines.
For example, biodiversity has been recognised as a key ecosystem property and therefore a separate
account for biodiversity was proposed to enable monitoring biodiversity over time in a consistent manner.
Key indicators from this account form input for the condition account (UNEP-WCMC, 2015). However,
these accounts were outside the scope of the current pilot project.

2.2 Defining ecosystem services
Types of ecosystem services Ecosystem services represent the flow of material and non-material services
through human and economic activities that provide benefits to the economy (UN et al., 2014). These
contributions are manifold and are subdivided into three types of services. Provisioning services reflect
material and energy contributions of the ecosystems (e.g. timber, ground water). Regulating services
result from the capacity of ecosystems to regulate climate, hydrological and bio-geochemical cycles and a
broad variety of biological processes. For example, air filtration by trees contributes to clean air, which is
important for public health. Similarly, natural flood protection, for example by dune areas, contributes to
public safety and the protection of property. Cultural services are generated from the physical settings,
locations or situations giving rise to recreational, intellectual or symbolic benefit. For example, the
possibility for recreation in nature or the enjoyment of a ‘green’ living environment contributes to
wellbeing and health.
The supply of ecosystem services The character of supplied ecosystem services varies between
ecosystem units. For example, in the Netherlands, crop production primarily takes place on agricultural
land and timber is mainly produced in forest, whereas recreation by bike is a service that is provided by
both ecosystem types. The supply and use of a service also depend on ecosystem condition and on
economic demand. For example, an extensive forest with a high biodiversity will provide a different
quantity and set of services than a monoculture production forest: timber production will be highest in the
latter, and bike recreation will likely be higher in the former type of forest, as long as it can be reached by
bike in a feasible amount of time by a significant number of people.

2.3 Ecosystem unit map and economic users (ISIC-registry) map
Ecosystem accounting was designed to be spatially explicit: ecosystem services and conditions are
spatially modelled or mapped, or otherwise attributed to spatial units. This implies that both the physical
and monetary supply tables are based on mapped ecosystem services as much as possible.
An Ecosystem Unit map was developed for the Netherlands. The map is essential to model and quantify
ecosystem services and to assign supplied services spatially to a set of ecosystem units. Therefore, the
Ecosystem Unit map reflects a division into ecosystem units that was practical for the purpose of
modelling ecosystem services. The map needs to provide full spatial coverage, implying that all built up
terrain is also assigned to a set of ecosystem units. The aim was to provide a detailed map that reflects
land use and vegetation properties at a high level of detail. On top of that, essential location features were
mapped for two natural assets: coastal dune areas and river floodplains.
For the Netherlands, both assets are of critical importance in the protection against coastal and river
floods, on local, regional and national scales.
The Ecosystem Unit map was based on a combination of a number of maps and datasets covering the
Netherlands: the cadastral map, agricultural crops grown, address based business register, addresses of
buildings, the basic topographical map indicating features such as the location of ditches, roads, etc. and
land use statistics for the Netherlands.
Maps were combined following a strict hierarchical approach.
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 First all water was assigned. Once a unit is assigned, it cannot be changed anymore.
 Next, on land the agricultural crops grown in 2013 were defined.
 In a following series of steps, the different units for built up areas (residential areas, business areas
etc.) were assigned, followed by roads and other paved surfaces.
 Finally, all unpaved surfaces without agricultural activities remained. These were assigned using the
basic topographical registry for remaining types of land cover and a number of other delineations of
policy-based locations (Natura 2000, National Ecological Network (EHS) map, delineation of
riverbeds).
 For built up areas, the cadastral unit was taken as the base unit. However, where cadastral parcels were
dissected by roads, water or railways, the smaller parcels were taken as the initial unit. The resulting
map is a highly detailed polygon map that also contains fine line elements (e.g. gravel paths,
hedgerows wider than 6m). It contains all available information on agricultural land use and detailed
information on natural and semi-natural areas.
To identify the users of ecosystem services, two approaches were applied:
1) conceptual selection of users, and
2) geographical allocation of users, with the help of an Economic Users map.
The economic users map was based on the same data and delineations as the Ecosystem Units map (see
figure 7). The legend for the economic users map was based on the ISIC registry for businesses (NL: SBI
66), which has 21 Sections (A-U). In addition to these ISIC units, four non-economic land use types were
distinguished to ensure full map coverage: roads, households, water and (semi) natural areas. Using this
map, it is possible to identify the users of ecosystem services that are spatially explicit, such as flood
protection or noise reduction.

2.4 Analysing the physical supply of ecosystem services
Remme et al. (2014) provide a detailed description of the modelling approaches used to estimate the
physical supply of the selected ecosystem services. For the current study, the approach was updated by
using the newly developed Ecosystem Unit map as a basis.
 In summary (all based on Remme et al., 2014), the provisioning of crops was modelled for the most
common crop types in the base registry for crops grown (> 10 crop types for human consumption).
Fodder was modelled using data on yields of two main sources of fodder: maize and pasture.
 Groundwater provisioning was modelled for eleven (shallow) groundwater extraction wells and
surrounding protected areas, where groundwater is extracted to supply drinking water.
 Meat obtained by hunting was modelled for 43 hunting districts in Limburg for wild boar (Sus scrofa)
and European roe deer (Capreolus capreolus).
 The regulating service capture of PM10 reflects the filtering of particulate matter from the air (see box
1). It was modelled using published values for PM10 capture by different types of land cover, combined
with ambient PM10 concentration maps.
 Terrestrial carbon sequestration is the storage of carbon in vegetation and soils. It was mapped using
published data on carbon storage in different land cover types.
 The cultural service recreation by bike was modelled using the national cycle path network, a map of
attractiveness of the landscape and population density. The total number of recreational biking trips
(excluding race biking and mountain biking) was known from previous publications. Nature tourism
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was modelled using data on accommodation capacity and visiting statistics for three regions in
Limburg.

2.5 Analysing the monetary supply of ecosystem services
The monetary valuation of ecosystem services was carried out based on Remme et al. (2015) using the
principles specified in the SEEA ecosystem accounting guidelines. The SEEA EEA guidelines describe
three valuation methods: the resource rent method, avoided damage costs, and replacement costs. Using
these methods, consumer surplus (‘willingness to pay’) is excluded from the monetary valuations.
According to the resource rent method, ecosystem services can be calculated as the residual of the total
revenue, after all costs for capital and labour have been subtracted. This method was applied to calculate
the monetary value of crop production, fodder production and nature tourism.
Meat from hunting was considered primarily a recreational activity. Its value was modelled using the
price paid to land owners for hunting rights, which is a slightly adapted form of the resource rent method.
The value of carbon sequestration and PM10 capture were assessed using the avoided damage costs
approach. PM10 capture was based on avoided air pollution-related health costs. Carbon sequestration was
valued using the social cost of carbon, which is an estimate for the damage costs of climate change.
The value of groundwater supply was based on the replacement cost method. This calculates the costs for
the cheapest available substitute, in this case the use of surface water to provide drinking water.
An experimental approach to hedonic pricing was also carried out within this project. Aim of this
experiment was to test whether it was possible to detect the influence of ‘green’ areas on housing prices
(WOZ values were used as a proxy) and to gain insight into the methodology. The used dataset included
house properties for all houses with gardens (WOZ value, living space, type of house and year of
construction). Apartments were excluded due to data difficulties, whereas combined uses such as a
doctors’ practice at home or an active farm were also excluded because the value of these is likely to be
influenced by factors very different from ‘regular’ houses. In addition, the average distances to facilities
for each neighbourhood were used (e.g. supermarkets, schools, train stations) and to ‘green’ areas (public
parks, forests, open natural areas) (Statistics Netherlands, 2008; 2012).
 First, to reduce multi-collinear effects, highly correlated variables and variables with a strongly similar
signal in a principal component analysis were removed or replaced by a surrogate.
 Next, multiple linear regression approach was used on this subset.
The method was strictly experimental, and mostly used to gain insight in the strengths and weaknesses of
the hedonic pricing method.

2.6 Development of accounting tables
All tables were designed according to SEEA EEA guidelines. Ecosystem extents for Limburg Province
were calculated based on the Ecosystem Unit map. Ecosystem supply was provided for each ecosystem
unit (columns) and for all ecosystem services (rows) that were included in this study. The physical and
monetary quantities of services supply were based directly on the modelled ecosystem services maps. So,
to determine the monetary supply of ecosystem services per ecosystem unit, for example the monetary
supply of the service nature tourism, the monetary supply map for nature tourism was overlain with the
Ecosystem Units map.
The use table was constructed differently. Although a detailed economic users map (based on the ISIC
registry) was developed within this project, none of the ecosystem services that were included in this
study had spatially explicit economic users, as would have been the case for e.g. flood protection and
noise reduction. Therefore, users were defined depending on the physical and monetary model
characteristics, following the ISIC classification as much as possible.
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3. Results and interpretation
3.1 Ecosystem unit map
The Ecosystem Unit map was constructed for the Netherlands. The figures below provide examples of the
many different units that are discerned and the high level of detail. Figure 7 shows a part of the map for
the municipality of Roerdalen in the central part of Limburg. National Park ‘de Meinweg’ is located at the
border with Germany and is characterized by deciduous, mixed and coniferous forest types and heathland.
The city of Roermond (to the West) shows up as a mixture of all built up ecosystem unit types. It lies
directly along the river Maas. The streambed of the river Maas and adjacent artificial lakes (from gravel
extractions, all in light blue) and the entire floodplain (the area where flooding may occur during runoff
peaks, shown in dark blue) are shown in detail. In Limburg a number of villages were built within the
floodplain of the river as can also be seen in this figure. Parts of these villages are situated on naturally
higher ground, whereas other parts and villages in Limburg are situated at lower elevations and were
flooded in 1993 and 1995.

Figure 7: The ecosystem unit map for central Limburg.

Figure 8 shows a comparison of the Ecosystem Units map (left) and the Economic Users map (right) for
the same part of Limburg. The Economic Users map that is shown here is an aggregated version of the
original map. The Economic Users map allows for the identification of economic land use by ISIC
Section. So for example, the industrial area in the centre of the map is used primarily by the industry and
services Sections, whereas the floodplain of the river Maas is used for agriculture.
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Figure 8: Comparison of the Ecosystem Units map (left) and Economic Users map (right). The legend shown
here belongs to the Economic Users (ISIC) map to the right. For the legend to the Ecosystem Units map, see
figure 7.

3.2 Physical and monetary supply tables
Table 6: Physical supply table (summarized) for selected ecosystem services in Limburg Province. The actual
table is larger, showing ecosystem services supply for 15 different types of ecosystems.
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Table 6 shows the physical supply tables for the included ecosystem services in this study, as total values
per ecosystem unit. The values per ecosystem unit per hectare are also available but not included in this
Annex. The monetary supply of ecosystem services is depicted in table 7.
Table 7: Monetary supply table with total values per ecosystem unit for Limburg (extended table).
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Both the physical and monetary supply tables show the supply of ecosystem services per ecosystem unit.
The total extent of each ecosystem unit in Limburg (total of all land parcels assigned to the same
Ecosystem Unit) is also provided. This information was used to calculate the physical supply of
ecosystem services per hectare. Some interesting results can be obtained from these tables. For example,
the largest amount of fodder is produced mainly on meadows used for grazing, giving a yield of 328.800
tonnes in 2013. This represents a monetary ecosystem contribution of over €4.8 million (experimental
results, according to the resource rent approach) as shown in table 8. Carbon sequestration primarily takes
place in forests, which represent 10-15 thousand tonnes of carbon per year and an experimental equivalent
value of € 350.300 – 562.500, depending on the forest type. The most valuable of the ecosystem services
included in this study (according to the valuation methods applied in Remme et al (2015) and in this
project) is nature tourism. This ecosystem services is provided by multiple ecosystem units. Table 8
shows the relative value of each ecosystem types for this service.
Although these tables provide interesting data, it is important to keep in mind that the ecosystem services
included in this pilot project only represent a small part of all ecosystem services provided in Limburg.
Other important ecosystem services (e.g. timber supply, water recreation, pollination) were not included
in the current study. In addition, it is important to keep in mind that the monetary results in this study are
strongly influenced by the choice of methods. Because consumer surplus is not included in the valuation
methods, values may appear to be small. Consumer surplus (how much are you willing to pay for a
certain ecosystem service?) is not included because this would not be consistent with the National
Accounts.

3.3 Monetary use table
Table 8: Use per ISIC Section; monetary values (euro), year: 2013
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Table 8 shows the monetary use table46. Following standard SNA accounting rules, total supply must
equal total use, hence total sums are the same. The table thus shows who benefits from the different
ecosystem services that are provided in Limburg.
The ecosystem contribution to the production of crops and fodder is used by the agricultural Section (A).
The users of the service provisioning of meat (from hunting game) are defined as households; hunting in
the Netherlands is primarily a recreational activity and the monetary value of this service was calculated
as such (based on hunting rights paid, not on the market price of meat). The use of fine dust air filtration
(PM10) was also tentatively assigned to households. Although for example governments, companies and
health insurers also benefit indirectly from this service, for the moment households were assigned as the
primary user. More research is needed to determine whether this is the best solution. The provisioning of
ground water for drinking water purposes was assigned entirely to water companies (Section E). The
reason for this is that in the model, only water extraction for drinking water was included, whereas
groundwater extraction for e.g. irrigation was disregarded in the current model. For the moment, carbon
sequestration was attributed to Global Goods, because in essence carbon sequestration (like carbon
emissions) has a global impact rather than a national or regional one. This attribution may change
depending on the further development of the guidelines for ecosystem accounting. Finally, the benefits of
the ecosystem contribution to nature tourism were attributed to those economic activities that provide
tourist accommodation; hotels, holiday houses and campgrounds (ISIC Sections I and R). Note that some
of the regulating services have a relatively low value, in particular carbon sequestration and air filtration.
We expect that carbon sequestration will have higher values in areas where more carbon is being
sequestered, Limburg has a relatively low forest cover, and the growth rate of these mostly mature forests
is not very high. Air filtration has a relatively low value because of the valuation method that was applied,
which, in line with the SNA, excludes consumer surplus and thereby WTP for people to live longer in a
less polluted environment. Based on tentative analyses we expect to find higher values, in the
Netherlands, for the flood control service of ecosystems.

4. Discussion and policy applications
This pilot project has explored the possibilities of ecosystem accounting for a selected set of ecosystem
services in Limburg Province. The study illustrates the strong potential of the data that are made available
with the ecosystem accounting approach, following the SEEA – EEA guidelines. However, the study also
illustrates that work remains to be done; for Limburg Province, several economically and socially
important ecosystem services were not yet included in the current pilot project. In addition, further
research is needed to gain experience with monetary valuation, so that ‘best practice’ advice can be
shared with the international community. Finally, it is important to keep in mind that monetary values are
partly calculated for goods and services that do not have a market price. The omission of consumer
surplus implies that values for such services may seem low. It should be kept in mind that the main
strength and aim of ecosystem accounting is to provide an internationally consistent framework to track
changes in ecosystem condition and the supply and use of services over time. Such developments can be
compared with economic data from the national accounts, between regions and between countries and
over time. The monetary parts of the accounts do not indicate the ‘total economic value’ or the human
well-being generated by ecosystems – in line with the valuation objectives and approach taken in national
accounting.
The accounts provide several crucial pieces of information in support of policy and decision making in
the fields of environment and natural resources management:

46

The physical use table was also compiled but is not shown here.
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Detailed, spatial information on ecosystem services supply. Once completed for the Netherlands and
for a broad set of ecosystem services, the supply accounts provide information on the amount and location
of supplied ecosystem services. This gives insight in the wide range of services that are offered primarily
by natural and semi-natural vegetation. This information is vital to monitor the progress towards the goals
set by the Dutch Government: to achieve a sustainable use of ecosystem services and prevent further loss
of biodiversity (Min. Economic Affairs, 2013, 2013; ‘Min. Economic Affairs et al., 2015). Moreover,
ecosystem accounting provides a clear overview of the many services (other than intrinsic values) that are
provided by ecosystems in the Netherlands. Defining and quantifying these services and the factors that
support or undermine them (condition indicators) is needed to highlight the importance of all types of
ecosystems in the Netherlands. Protection of the natural environment is highly important not just because
of its (potentially incalculable) intrinsic value, but also because of the services that provide clear
economic benefits to businesses, governments and households. The information is also highly relevant for
land use planning and the planning of, for instance, infrastructure projects. For example, the potential
impacts of different trajectories of a new road on ecosystem services can be easily observed in the maps.
Monitoring of the status of natural capital. To explore the full potential of ecosystem accounting, it is
necessary to set up physical and monetary supply (and use) accounts at regular temporal intervals, based
on detailed Ecosystem Unit maps (also updated at the same temporal interval). The condition account is
essential to interpret spatial and temporal changes in the supply tables. In addition to these accounts, the
SEEA EEA guidelines propose the development of a number of additional accounts (described briefly
Section 5.2), which would provide information on the sustainability of ecosystem services supply and the
monetary balance of ecosystems. Ideally, such accounts would be developed at the national and provincial
scale, whereas ecosystem service supply maps and condition indicators should provide meaningful
information on smaller scales as well. The accounts, in this way, provide detailed information on changes
in natural capital assets. The condition account reveals the status of natural capital in a set of physical
indicators, and the monetary asset indicator presents an aggregated indicator of ecosystem capital.
Although this indicator does not indicate the ‘total economic value’ of ecosystems, as mentioned above, it
does provide an indication of the value of the contribution of ecosystems to consumption and production ,
as measured with exchange values – for the ecosystem services included in the accounts. The overall
value may be of less relevance for supporting decision making, but changes in this value, not unlike
changes in GDP, would be a relevant indicator for overall changes in natural capital.
Indicating areas, ecosystem types and ecosystem services of particular concern for policy makers.
The accounts, when implemented over multiple years, clearly indicate the areas, ecosystem types (e.g.
wetlands or coral reefs) and ecosystem services (e.g. pollination of water retention) that are in decline, as
well as the relative rate of decline. These aspects would be of priority for policy interventions. Since a
number of causes for ecosystem change (e.g. changes in land cover, ecosystem use and ecosystem
condition, e.g. aspect such as nutrient loads or fragmentation) are also included in the accounts, there is
also baseline information on which are potential causes of these declines in ecosystem capital facilitating
effective policy interventions. In Limburg, for instance the accounts show that the southern part of the
province comprises a concentration of services of particular monetary value including water abstraction,
tourism and crop production. Nevertheless, this is also a relatively densely populated part of the province
(and of the country), and the accounts show the trade-offs involved in, for instance, expanding urban
areas in the province.
Monitoring the status of biodiversity as well as indicating specific areas or aspects of biodiversity
under particular threat. Compared to existing biodiversity monitoring systems, the accounting approach
offers the scope – when biodiversity accounts are included – to offer biodiversity information in a
structured and regularly updated manner on par with information on economic uses of ecosystems. In this
context, the biodiversity account can include, in line with the SEEA ecosystem accounting framework,
information on both species important for ecosystem functioning (e.g. ‘key-stone’ species or species
indicative of environmental quality) , and species important for biodiversity conservation (e.g. the
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presence and/or abundance of rare, threatened and/or endemic species). In case the Biodiversity account
also includes maps of biodiversity indicators, specific areas of concern, or subject to improvement in
biodiversity, can be identified, as well as areas of particular importance for biodiversity conservation both
inside and outside protected areas. Aggregated indicators for administrative units up to countries and the
EU at large provide information on trends in biodiversity as well as species or habitats of particular
concern.
Quick response to information needs. Specific for the accounts is that information is collected in an
comprehensive (covering ecosystem services and assets, maps and tables, physical and monetary
indicators, covering a wide range of ecosystem types and services), structured (following the specific and
international framework of the SEEA aligned with the System of National Accounts) and integrated
(integrating a broad range of datasets to provide information on services and assets) manner. The accounts
also need to be updated on a regular, e.g. bi-annual or annual, basis. This means that a structured and
comprehensive database is available to respond to policy demands for specific information in the very
short term. Whereas an integrated assessment, for example, an environmental cost benefit analysis of a
proposed policy or, say, a new investment in energy infrastructure r a new road, would now typically take
anytime form half a year to several years – in part for collecting information on the state of the
environment in affected areas, the ecosystem accounts present a ready-to-use database that strongly
shortens the time needed to address this information need. Clearly specific policies or investment may
require more information than present in the ecosystem accounts, but in many cases a major share of
environmental impacts of a policy or investment can be modelled based on information included in the
accounts. For instance, the ecosystem accounts would have allowed modelling the environmental impacts
of the highly controversial A73 highway in the northern part of the province with much greater detail,
potentially facilitating the discussion on the best route for this highway.
Monitoring the effectiveness of various policies. Finally, the accounts are an important tool to monitor
the effectiveness of various rural and environmental policies, by allowing tracking changes in the status of
ecosystems and the services they provide including agriculture and tourism over time and in a spatially
explicit manner. The spatial detail of the accounts allow comparing developments in areas influenced by
policies with areas with less or no influence of specific policy decisions. In Limburg, this is relevant, for
instance, in terms of modelling the effects of various nature policies (including a potential expansion of
the Ecological Main Structure of protected areas). At the European scale, a broader set of policies would
benefit from the monitoring opportunities provided by the accounts including the least favoured areas and
agricultural policies (see Chapter 3).
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ANNEX 2. CASE

STUDY - COMBINING SPATIAL AND STATISTICAL INFORMATION TO ANALYSE
THE CONTRIBUTION OF ECOSYSTEMS TO TOURISM IN EUROPE: AN ILLUSTRATION OF APPLYING
THE SEEA EEA FRAMEWORK AT EU SCALE

1. Introduction
This Annex provides an example of how one specific ecosystem service, nature tourism, can be analysed
following the methodology of the SEEA EEA. Aligned with the SEEA EEA the Annex includes maps of
the service, and it outlines the tables that include the information on this service per NUTS-2 region. The
Annex illustrates how the approach requires integration of Eurostat and JRC (as well as other) data, and
how the specific framework of the SEEA EEA can be applied.
This pilot study provides an illustration of the approach and should not be seen as providing a definite
analysis of the nature tourism service (i.e. the contribution of European ecosystems to tourism) – our
pilot analysis needs to be reviewed, evaluated, and improved in a potential phase 2 of the INCA
project. The sole aim of this annex is to provide an illustration of the SEEA EEA approach at European
scale.

2. Methodology
The case study builds upon the overall framework of the SEEA ecosystem accounting and the MAES data
and model platform on ecosystem services. We analyse how the contribution of ecosystems to tourism
can be analysed using JRC and Eurostat (and other) data. The specific indicator that we analyse, in
physical terms, is the number of overnights stays in hotels, camping sites and other types of
accommodation that can be attributed to ecosystems, i.e. for which it can be reasonable assumed (based
on visitor surveys) that a main purpose for people to stay overnight is because of their tourism activities
in nearby ecosystems including natural parks and attractive landscapes. The activities that visitors
undertake are not analysed but may include hiking, cycling, spotting animals, etc. We summarise this as
‘ecotourism’ in the remainder of the Annex. Hence we do not include recreation (which can be defined as
involving recreational activities undertaken from home, usually in the form of day-trips), but the Annex
only covers tourism that can be linked to overnight stays. As indicated in the main report, tourism and
recreation are two distinct ecosystem services that both need to be included in the SEEA ecosystem
accounts and are both proposed for INCA phase 2. Beach tourism is not included since we believe that
this type of tourism dwells more broadly on facilities such as beach clubs, bars, etc. However there needs
to be a discussion in INCA phase 2 if beach tourism should also be included, which would of course
significantly change the preliminary results that we present in this Annex.
The geographical delineation of this study is the member states of the European Union, limited to
continental Europe. Overseas regions like Madeira, the Azores, the Dutch Antilles, Guadeloupe and
others were excluded. We use statistical data on tourism from Eurostat at the level of NUTS2 regions.
The Nomenclature des Unités Territoriales Statistiques (NUTS) regions are a subdivision of Europe into
administrative regions. Their main purpose is to serve as a geocode standard for statistical purposes.
There are 3 NUTS levels. In this study, only the NUTS 2 level is used, which designates (varying per
country) provinces, regions, states, and prefectures. The calculations were performed in Excel and
ArcGIS 10.3.1. The areas were calculated using the projected coordinate system ETRS 1989 LCC.
The base data are the Eurostat dataset on tourism codenamed tgs00111 and the JRC MAES project
Recreation Opportunity Spectrum (ROS) map, constructed from the JRC’s ESTIMAP model. Tgs00111
includes the amount of overnight stays in touristic accommodations over the past years. We used the data
for all NUTS 2 regions from 2011-2014. The ROS map displays a measure of potential for nature
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recreation in Europe. It assigns a value of 1-9 to every one of its ca. 5.5 million polygons. These values
form a scale of recreational opportunity derived by using 2 criteria: the attractiveness of the landscape in
the polygon and the ease with which it can be reached. Before using these data, they were modified such
that the sequential numbers formed a measure of increasing recreation potential, with 1 being lowest and
9 being highest.
The first step to calculating the number of overnight stays per spatial unit (we have labelled this ‘Y’) was
to determine which proportion of the overnight stays in the tgs00111 dataset were attributable to
ecotourism. A review of data sources was performed and data were found on the NUTS 2 regions of
Germany, the Netherlands, the UK (with the exception of Northern Ireland), Ireland, Spain, Italy, the
Peloponnesus in Greece, Croatia, Hungary, Romania, Finland and Sweden. Survey data were found for in
total 163 out of the total 276 NUTS 2 units. However, in some cases, the information found was on a
national level. In this case these data were assumed to be representative for the whole country with the
exception of the capital region, as explained below. This, clearly, is a simplification which needs further
consideration in the next phase of INCA. Using these data, the number of overnight stays due to
ecotourism for each NUTS 2 area was calculated for the years 2011-201447. Note that for this pilot test we
produced tables and maps with the average data for the period 2011-2014, in the accounts to be produced
data for a specific year should be used.
Based on the above, the number of overnight stays per square kilometre attributable to nature tourism was
calculated for each NUTS region. This data was then combined with the modified Recreation Opportunity
Spectrum (ROS) data from JRC (data were kindly provided by JRC48) to analyse Y. The modified ROS
map includes values ranging from 1 (low attractiveness, low access to the grid cell) to 9 (high
attractiveness, easy access) and has a spatial resolution that varies between polygons, reflecting the spatial
diversity of European landscapes. Y was calculated as follows:
Equation 1:

Y=

# 𝑒𝑐𝑜𝑡𝑜𝑢𝑟𝑖𝑠𝑚 𝑜𝑣𝑒𝑟𝑛𝑖𝑔ℎ𝑡 𝑠𝑡𝑎𝑦𝑠 ∗ 𝑅𝑂𝑆 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑡ℎ𝑒 𝑔𝑟𝑖𝑑𝑐𝑒𝑙𝑙
𝑥1 ∗1+𝑥2 ∗2+𝑥3 ∗3+𝑥4 ∗4+𝑥5 ∗5+𝑥6 ∗6+𝑥7 ∗7+𝑥8 ∗8+𝑥9 ∗9

where xx is the total surface area with ROS value x, as seen in the ROS map and # stays is the amount of
overnight stays by ecotourists in the NUTS 2 region. Y is a measure for each polygon in the ROS map.
This calculation generates values for all polygons in a NUTS 2 region for which data were available.
Subsequently, Y was recalculated to the amount of ecotourism overnights stays per km2 by dividing the Y
value by the area of the polygon.
The next step was to make an extrapolation from the 163 NUTS2 regions for which we had data on the
proportion of ecotourism stays compared to total stays to the complete EU. The proportion of ecotourism
versus total tourism overnight stays for the NUTS2 regions with missing data was calculated by
subdividing the EU into geographical regions. These were Central (western) EU, Eastern EU, Western
EU, Great Britain and Ireland, and Northern EU. The results are presented in Table 8. Based on this
extrapolation Y values were calculated for the NUTS2 regions in all EU28 countries.
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Note that for some areas, in particular Ireland, Scotland, and the tourism by nationals in Spain and Croatia,
information on the proportion of ecotourists as part of the total number of tourists were only available for years
outside of the period 2011-2014, in which case we have used these figures. This also needs further
consideration in INCA phase 2.

48

Annex 4 of JRC Report Mapping and Assessment of Ecosystems and their Services: Trends in ecosystems and
ecosystem services in the European Union between 2000 and 2010 (2015).
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Table 8: The countries encompassed by our regions and calculated percentages of ecotourists / total tourists
for each region. All figures are rounded.
Region

Countries

Central EU

Netherlands, Germany, France, Belgium,
Luxemburg, Austria, Liechtenstein
Britain and Ireland
Estonia, Latvia, Lithuania, Poland, Romania,
Czech Republic, Hungary, Bulgaria.
Spain, Italy, Croatia, Slovenia, Greece, Cyprus,
Malta
Sweden, Finland, Denmark

Britain and Ireland
Eastern EU
Southern EU
Northern EU

Percentage ecotourists /
total tourists
1.7
8.7
6.4
15.6
12.0

The final step was to correct for the data bias in capital cities. The nature tourist percentages often were
numbers for the entire country. Since capital cities often receive larger numbers of tourists unrelated to
ecotourism, using the national values would overestimate ecotourism in these areas. We corrected this for
capital regions by adjusting the proportion of overnight stays from ecotourism, depending on the area of
the administrative region covered by the capitals, see Table 9 below (note that these are preliminary
assumptions that would require more work in Phase 2 of INCA to produce more solid numbers).
Table 9: Assumed percentages of ecotourism vs total tourism overnight stays in capital regions
NUTS2 region with major cities

Regions

NUTS2 region covers city only

London, Berlin, Hamburg, Prague, Sofia,
Copenhagen, Lisbon, Paris
Madrid, Athens, Helsinki

NUTS2 region covers city plus
surroundings, it is assumed that
some
visitors
enjoy
the
countryside surrounding the cities
NUTS2 region covers city plus
major (>1000 km2) surrounding
area including scenic country side

Assumed
percentage
ecotourism / total tourism
overnight stays
1
5

Dublin

10

3. Results
Tables
An illustration of the accounting tables for the ecosystem service ‘ecotourism’ for two NUTS2 regions in
Italy. This data is available for all NUTS 2 regions in the continental EU.
Table 10: Overnight stays generated by ecosystems per NUTS2 region (average 2013-2014)
NUTS2
region,
for
example:
ITC1
ITC2
ITC3

Total tourism
overnight
stays (million)

Ecotourism
overnight
stays (million)

12.8

2.6

Average
ecotourism
overnight
stays per km2
101

29.8
13.3

0.6
2.7

183
491
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Value
added
generated
by
ecotourism stays
(euro/year)

Employment generated
by ecotourism stays
(number of FTE)

Blue shaded: data has not been produced yet but could easily be provided by linking the ecosystem
account to the Eurostat production account.
Maps
The map showing the number of ecotourism overnight stays generated per km2 based on the NUTS2
tourism data and the JRC ROS map is presented in Figure 8 below. The information in the map is
consistent with the information in the accounting table (Table 10, third column presents the average
number of ecotourism overnight stays per NUTS2 region).

Figure 8: Map of the ecosystem service ‘Ecotourism’ expressed as number of overnight stays per km2

4. Discussion
4.1 Accuracy and limitations
Several data gaps have been identified. There is no central database for ecotourism. No data on
ecotourism was found for several countries and the definitions of ecotourism in the countries for which
there were data were not always fully aligned. In addition, data on the proportion of eco-tourists was not
available for all years. Typically countries hold such surveys only once every few years. Hence,
construction of the accounts required a degree of extrapolation. It should be noted, however, that more
data on ecotourism is likely to be available in countries, however sometimes in languages that we were
not able to read. Moreover, the correction made for capitals and major urban areas was not based on data,
leading to specific uncertainty in ecotourism values in these areas.
A major source of uncertainty is the relative attractiveness of the different landscape types, as modelled
by the JRC ROS. We have assumed, in a simplistic manner, that a score of 9 means that an area is 9 times
as important for ecotourism as an area scored 1. Further work is required to specify the relative
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importance of different landscape types. Such information was available for the study by Remme et al.
(2015) on Limburg, where data allowed a quantitative ranking of the attractiveness of different landscape
types.

4.2 Options to enhance this work in phase 2 of the INCA project
First, there is a need to revisit the followed methodology, including such aspects as the correction applied
to estimate ecotourism in urban areas. It also needs to be discussed if beach tourism should be included in
the account. Second, it is necessary to try to fill the data gaps identified above as much as possible, and to
produce annual accounts instead of accounts based on averages for several years. A question is if the
accounts should be expanded to non-continental parts of the EU. Areas such as Madeira, the Azores and
the Dutch Antilles receive large amounts of eco-tourists, but are not considered in this Annex.
It would be worthwhile to examine if the accounts can be connected to macro-economic data such as
value added in the tourism sector or employment in this sector, in order to estimate the contribution of
ecosystems to employment and economic activity in relation to this sector. It may also be interesting to
separate national and international ecotourism. The share of national versus international eco-tourists is
likely to vary between countries (e.g. Jacobsen & Antonson, 2016).

5. Conclusions
This pilot shows that mapping and accounting for ecotourism in the European Union following the SEEA
EEA framework is feasible, using existing methodologies and data. Data gaps make a degree of
extrapolation necessary, but this is no different from the production of economic statistics. In a later
phase, the accuracy of the models can be understood by using more sophisticated extrapolation techniques
compared to the techniques used in this pilot (e.g. by applying kriging to fill data gaps).
As indicated in the first Section of the Annex, the pilot study does not result in a first account for tourism,
all data and figures need to be revised and enhanced in the second phase of INCA. The pilot also shows
the potential use to policy making. It allows understanding the contribution the landscape makes to the
tourism sector, it facilitates monitoring the effects of changes in landscapes for this sector, and it allows
more targeted interventions in the ecotourism sector, for instance by identifying areas where the amount
of ecotourism is low compared to the attractiveness of the landscape.
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ANNEX 3: BRIEF REVIEW
SERVICES IN EUROPE

OF SELECTED SPATIAL MODELLING APPROACHES FOR ECOSYSTEM

In this Annex a short overview is given of possible spatial modelling approaches for European ecosystem
services (ESs), based on existing models and literature. The methods presented are based on studies done
for Europe as a whole. All described methodologies are additional to the approaches presented by JRC
and EEA (hence JRC and EEA models are not considered – the reason for this being that these are
covered in separate works streams part of KIP-INCA).
Table 11: Important European modelling papers regarding multiple ESS.
Kienast et al. (2009)

Spatially models a large range of ESs for Europe based on NUTS-X regions. The
maps are based on expert judgement on whether specific land uses can provide
different services. The applied methodology is not likely to be suitable for an
ecosystem accounting context.

Haines-Young et al. (2012)

Follows a similar expert based approach to Kienast et al. (2009) for four ESs for
NUTS-X regions: crop-based production, wildlife products, habitat diversity and
recreation. The study assesses changes in ES provision over time. The applied
methodology is not very suitable for an ecosystem accounting context, due to the
general lack of quantitative data.

Maes et al. (2012)

The study presents JRC models that will not be further described in this Annex.
Map ten ESs for the EU, at a 10 km resolution, as well as three proxies for
biodiversity.

Schulp et al. (2014)

This study compares different methodologies for mapping ESs at a European scale:
The method used by Kienast et al. (2009), an expert judgement based ‘matrix’
method by Burkhard et al. (2012), the JRC methods (Maes et al., 2012) and
quantitative models produced at Free University Amsterdam. The ESs climate
regulation, flood regulation, erosion protection, pollination and recreation are
compared. This method is potentially more suitable, however there is little
verification of the models with actual measured data.

1. Crop production
Crop production can be modelled based on a combination of statistical information on yield per ha for
different crop types and farming intensity. The Netherlands Environmental Assessment Agency (PBL)
has developed a model in which they apply such an approach. They obtain information on crop yields
from Monfreda et al. (2008), and apply the land use intensity model of Temme and Verburg (2011) for
Europe (Figure 9). Land use intensity is defined by determining nitrogen input, and the spatial model is
built for the European situation in 2000. The PBL model calculates average crop yield per agricultural
intensity class to obtain the crop yield per crop type.
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Figure 9: Schematic overview of main model components, as developed by PBL.

The PBL method could be enriched by applying more detailed crop yield statistics, from Eurostat or
national statistical offices. The Temme and Verburg (2011) method could be updated to depict the current
land use intensity.

2. Timber production
PBL has developed a method to model timber production based on models for land use (CLUE in the case
of PBL but other models can be used) and climate (LPJmL) and the EFISCEN database on forest and
timber information. EFISCEN is the European Forest Information Scenario Model, that models forest
resource development on a regional to European scale. PBL uses the CLUE land use model to determine
afforestation and deforestation, LPJmL to determine climate effects and the EFISCEN database to assess
forest functions and characteristics (Figure 9).

Figure 10: Schematic overview of main model components, as developed by PBL.

3. Water abstraction
Abbaspour et al. (2015) present a SWAT-based approach to model groundwater quantity and quality at
sub-basin scale for Europe. The integrated hydrological modelling approach simulates different
components of water resources, crop production and water quality (based on nitrate leaching). The model
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quantifies water yield (plus deep aquifer recharge), evapotranspiration, soil moisture and nitrate
concentrations in groundwater recharge. The model is used to support the European Water Framework
Directive.

4. Water holding capacity of vegetation (relevant for Flood regulation)
Stürck et al. (2014) developed a European Union-scale model to quantify supply and demand for the ES
flood regulation. They based their index for flood regulation supply on outcomes of the hydrological
model STREAM (Aerts et al., 1999). Environmental variables that are applied in the model are river
catchment types, catchment zones, daily precipitation, crop factors (to determine actual
evapotranspiration) and water holding capacity of soil (WHC). A schematic overview of the Stürck et al.
(2014) is given in Figure 11. Flood regulation supply was mapped at 1 km2 resolution.

Figure 11: Quantification scheme for flood regulation supply indicator. Source: Stürck et al. (2014).

5. Erosion control
The Universal Soil Loss Equation (USLE) is widely used to model erosion control. PBL present an
approach based on the CLUE land use model and data on the different USLE factors for Europe from
Pérez-Soba et al. (2010). The model multiplies rainfall erosivity (R-factor) with soil erodibility (K-factor),
slope length (L-factor), steepness (S-factor) and vegetation cover (C-factor) in accordance with USLE
(Figure 12). Data on rainfall from the IMAGE/HADCM climate models is used to calculate the R-factor.
A European digital elevation model (DEM) and data from the European Soil Database are used to
calculate the soil property related factors K, L and S. Land cover data from CLUE is combined with data
on vegetation and stone cover to calculate the C-factor.
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Figure 12: Schematic overview of the soil erosion model, as presented by PBL.

6. Carbon sequestration
Schulp et al. (2008) present an approach to model carbon stocks and sequestration in the EU. The model
was used to assess future changes in carbon stocks based on SRES scenarios and resulting land use
changes. The approach makes use of a look-up table approach to couple emission and sequestration
factors to land cover types per country. Both changes in soil carbon stock and biomass carbon stock are
modelled. The approach is presented schematically in Figure 13. Other approaches for soil carbon are
available from Alterra as well as IIASA (not described in this note).
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Figure 13: Flowchart of the carbon budget calculation approach. Source: Schulp et al. (2008).

Another approach that can be used is based on primary productivity data from satellite imagery. For
example, MODIS provides satellite imagery on Gross Primary Productivity (GPP) and Net Primary
Productivity (NPP) at 1 km resolution:
https://lpdaac.usgs.gov/dataset_discovery/modis/modis_products_table.
By combining this data with information on respiration (from plants and soil) (e.g. Janssens et al., 2005;
Luyssaert et al., 2007), annual carbon sequestration can be measured.

7. Tourism
Probability for winter tourism and nature tourism (based on camp-sites) in the EU is modelled at 1 km2
resolution by van Berkel and Verburg (2011). Logistic regression was used to develop models that
predicted probability of winter tourism and nature tourism in the EU. For winter tourism precipitation,
temperature, elevation and different land use types were used. For nature tourism accessibility,
precipitation, elevation, entrepreneurial spirit and different land use types were used. However,
probability maps do not directly provide the quantitative data needed for ecosystem accounting, but can
be used in combination with tourism statistics to allocate tourists.
The previous Annex supplied by the WUR team presents therefore a more suitable approach to analyse
tourism at EU scale in an accounting context.
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ANNEX 4. MODELS TO QUANTIFY ECOSYSTEM SERVICES FLOWS AT EU SCALE
This annex contains the in-house models of the Joint Research Centre which can be used to quantify
ecosystem service capacity and flows for different ecosystems and different services.

1. Model requirements
 Able to quantify the supply (capacity) or the flow (actual use) based on an indicator for an ecosystem
service which can be assigned to a CICES class.
 Able to assess changes over time (by calculating opening and closing stocks or by modelling actual
flows).
 The indicator has preferentially metric units: both capacity to provide a flow and actual flows should
be measured per unit time (e.g., gC stored per ha per year), but this is often not possible).

2. Meta data included in the model inventory:
 Name of the model
 MAES ecosystem type
 Ecosystem services modelled (as per CICES class)
 Indicator
 Capacity (or potential service) or Flow (or actual services) or Demand (e.g. based on population)
 Unit of the indicator
 Model resolution
 Is the model set up in such a way that it can calculate annual updates
 Reference for more information
 In MIDAS (the JRC’s database with models http://midas.jrc.it/): yes or no
 Any other comments

3. JRC Modelbase for application in INCA
In-house models which can be used to calculate annual accounts of different ecosystem services are listed
in Table 12. This is a first version following a request for input to different JRC units and an inspection of
the MIDAS database which contains descriptions of JRC models.
ESTIMAP is a set of GIS models developed to map ecosystem services at EU scale and linked to LUISA
(Land-Use-based Integrated Sustainability Assessment’ modelling platform). It can be compared with
InVEST (a suite of models by the Natural Capital Project) with the difference that ESTIMAP is designed
to model ecosystem services at continental scale.
Besides the combination ESTIMAP/LUISA, JRC operates several thematic models which can be used for
accounting forest ecosystem services, freshwater ecosystem services, marine ecosystem services,
recreation and soil organic carbon.
The model GREEN has already been used to make a physical and monetary account for water
purification.
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4. Concluding remarks
 Several models at JRC can be used to deliver pilot physical flow accounts for provisioning, regulating
and cultural ecosystem services. However, several of these models have been developed for other
purposes than ecosystem service accounting.
 Flow accounts for provisioning services can be based on reported data (e.g. Eurostat, FAOstat);
LUISA can be used to project accounts in time (2010 – 2050). Data and models are available for water
use, agricultural production, and timber.
 Flow accounts for regulating services need to be derived from models since they are difficult to
measure or monitor directly. Only few models return accountable flows of ecosystem services (in
physical quantities per unit time). This is the case for erosion control (sediment retained in
ton/ha/year), air quality regulation by urban green infrastructure (ton NO2 removed/ha/year), and instream nitrogen retention (ton N/km/year). Most models estimate the capacity (relative to maximum
capacity) to provide a service but this can conceptually be linked to flows (quantities per unit time, e.g.
Guerra et al., 2016). This can in principle be tested for pollination and soil productivity in case studies.
 Note that the listed models don’t allow to quantify the contribution of some regulating services to the
final delivery of provisioning services. A case study on pollination is in principle feasible (by
calculating the share of the harvest which is dependent on pollination).
 Most studies on cultural services are focused on recreation for which use is often quantified based on
visitor counts and willingness to pay. Accounting may be possible at local scale (site-based) but
national accounts would be dependent on modelling.
 There is considerable modelling capacity to estimate a number of marine ecosystem services.
 Whereas JRC has in principle the capacity to calculate several physical flow accounts, monetary
accounts (which are based on the physical accounts) are not readily available and require further
research efforts (monetary valuation).
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Table 12: JRC model database which can be used for experimental and pilot accounting tables.
Model
name or
method

ESTIMAP
(coupled
to
LUISA)

Ecosystem
service
(CICES
classes still to
be added)
Pollination

MAES
ecosystem
types

Indicator

Supply (S),
Use (U) or
Demand()D

Unit

Model
resolution

Reference
(JRC report or publication)

MIDAS

Options for INCA
Comments

non-urban
terrestrial

Relative
pollination
potential

S

-

1 ha

JRC reports 94889 and 87585
DOI:10.3390/land2030472

Yes

spatial coupling to
(insect
pollinators)
dependent
crop
production data would
give an indicator in ton
per ha per year but is
conditional
on
assumptions

Soil protection

non-urban
terrestrial

capacity of
ecosystems
to
avoid
erosion
Soil
retention
Coastal
protection
capacity
Coastal
protection
demand
Water
retention
index
NO2
removal
Habitat
quality for
birds

S

-

1 ha

JRC report 94889
DOI:10.1016/j.ecolind.2015.06.043

No

U

1 ha

S

ton per ha
per year
-

D

-

30 km
strips

S

-

1 ha

JRC report 94889

No

U

ton per ha
per year
-

1 ha

JRC report 94889

Yes

100 km2

JRC report 94889
paper submitted

No

Coastal
protection

non-urban
terrestrial
non-urban
terrestrial
non-urban
terrestrial

Water
regulation

non-urban
terrestrial

Air
quality
regulation
Habitat quality
(and
pest
control)

Urban
Crop,
Grass,
Forest

S

30 km
strips
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No
JRC reports 94889 and 87585
DOI:10.1016/j.ecolind.2013.02.013

Yes

Yes

Not really linked to
demand

Not really linked to
demand, or difficult to
quantify
demand
Indicator can be linked

to
accounts

Nature-based
recreation

LUISA

non-urban
terrestrial

Cultivated
Crops

cropland

Energy Crops

cropland

Water
provision

Timber

Forest

Relative
recreation
potential
Recreation
Opportunity
Spectrum
Food
and
feed
production
Energy
content

S

-

1 ha

D

low to high

reporting units

U

ton per ha
per year
Joule per ha
per year

1 ha

JRC report 99582

Yes

Biomass
harvested
from energy
crops
Energy
content
of
dedicated
energy crops
Water
consumption
per sector

U

ton per ha
per
year
Joule per ha
per year

1 ha

JRC report 99582

Yes

U

m3 per year

1 ha

JRC reports 25551 and 25247
(Blueprint); Publication in HESS &
UNCCD 2013 proceedings

Yes

Biomass
harvested for
material and
energy use

U

ton per ha
per
year
Joule per ha
per year

1 ha

JRC report 92904

Yes
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JRC reports 94889 and 87585
DOI:10.1016/j.ecolind.2014.04.018

biodiversity

Yes

Yes

Model is used to make
calculations for the
period 2010 - 2050
For INCA, statistics
from EUROSTAT and
FAOSTAT could be
used
Model is used to make
calculations for the
period 2010 - 2050
For INCA, statistics
from EUROSTAT and
FAOSTAT could be
used
Model is used to make
calculations for the
period 2010 - 2050
For INCA, statistics
from
EUROSTAT
could be used
Model is used to make
calculations for the
period 2010 - 2050
For INCA, statistics
from
EUROSTAT,
FAOSTAT
and

MCPFE could be used

Visitor
arrival
function

Nature-based
recreation

non-urban
terrestrial

Metaanalytic
value
transfer
function
Forest

Number
visitors

of

U

recreational
visits per ha
and year

1ha

conference paper submitted

No

Value
of
recreation

D

monetary
value per
recreational
visit

1ha

article submitted

No

Forest
biomass

S

m3/ha

Stand
per Nuts

Report EUR 27004 EN (2014)

Yes

EFDM

Forest
biomass/timber

GFTM

Timber

Timber

S/D

ton

Country

Report EUR 27360 EN (2015)

Yes

CBM

Carbon storage

Carbon

S

ton/ha

Stand
per Nuts

doi:10.1016/j.ecolmodel.2013.07.007

Yes

Page 102 / 106

model is calibrated
based
on
latest
available
data,
prediction
accuracy
increases
with
resolution
model is calibrated
based
on
latest
available
data,
prediction
accuracy
increases
with
resolution
Current and future
scenarios of biomass
(wood) provision from
forest management and
natural disturbances
Projections of prices
and
quantities
of
timber
products
produced, consumed,
imported, and exported
Forest growth model
capable of simulating
the dynamics of the
forest carbon pools
(living biomass, dead
organic matter, soil)
depending on current
or future scenarios of
harvest and natural

Model for
soil
organic
carbon
GREEN

SWAT

Water
purification

non-urban
terrestrial

Soil organic
carbon

S

ton/ha

Nuts 2

rivers and
lakes

Nitrogen
removal

U

ton per km
per year

100 km2

Renewable
water
capacity
Water
use
per sector

S

m3 per year

sub basins

U=D

m3 per year
euro / year

sub basins

1 km2

doi:10.1016/j.scitotenv.2012.06.103

Yes

0.08-0.16 degree (in the
Mediterranean Sea)

disturbances

doi:10.3354/meps11387

Yes

Water
provision

SoilProd

Soil
productivity

cropland
and
grassland

relative soil
production
potential

S

-

Ecopath
(EwEE)

Food

coastal,
shelf,
ocean

Biomass of
commercial
species

S

ton

Species
distribution

S
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No

JRC has several model
on soil organic carbon

DOI: 10.1029/2007GB003085

Yes

doi:10.1016/j.ecoser.2015.08.002

Yes

Possible use, a case
study on accounts is
ready and submitted to
Ecosystem Services;
problems remain with
the behaviour of the
indicator
Only for the Danube
basin but can be used
for flow accounts
Only for the Danube
basin but can be used
for
flow accounts
same consumption as
LUISA
spatial coupling to crop
production data would
give an indicator in ton
per ha per year but is
conditional
on
assumptions
JRC doesn't have the
human capacity to run
or develop this model
any longer. The model
allow for hindcast
(from
1950)
and
forecast.
JRC doesn't have the
human capacity to run
or develop this model

Yes

Yes

GETM
coupled
with MedERGOM

Total catch

U

ton per year

Yes

Trophic
level of the
catch

U

relative size
(trophic
level)

Yes

Biological
control

Distribution
and biomass
of selected
alien species

S

Yes

Recreation

Distribution
and biomass
of selected
species (e.g.
large
mammals,
turtles,
jellyfish)
Primary
production
(immediate
nutrients

S

Yes

water
purification

U

mmol
N/m2/day
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DOI: 10.1002/2014GB004846

Yes

any longer. The model
allow for hindcast
(from
1950)
and
forecast.
JRC doesn't have the
human capacity to run
or develop this model
any longer. The model
allow for hindcast
(from
1950)
and
forecast.
JRC doesn't have the
human capacity to run
or develop this model
any longer. The model
allow for hindcast
(from
1950)
and
forecast.
JRC doesn't have the
human capacity to run
or develop this model
any longer. The model
allow for hindcast
(from
1950)
and
forecast.
JRC doesn't have the
human capacity to run
or develop this model
any longer. The model
allow for hindcast
(from
1950)
and
forecast.

uptake)

FishHab
(Essential
habitats of
key
marine
species)

Life
cycle
maintenance

Burial
in
sediments
(long term
nutrients
retention)
Potential
feeding and
spawning
habitats for
Atlantic
bluefin tuna

U

mmol
N/m2/day

Yes

S

frequency
(number of
days
per
season)

(in the North
Atlantic and
Mediterranean
Sea)

Potential
nursery
habitat for
Hake

S

frequency
(number of
days
per
season)

(in
the
Mediterranean
Sea)
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Publications
in
Progress
in
Oceanography,
Marine
Ecology
Progress Series. JRC reports EUR
23790 EN, EUR 23790 EN, EUR
26628
EN.
https://fishreg.jrc.ec.europa.eu/fishhabitat
JRC reports EUR 23790 EN, EUR
23790 EN, EUR 26628 EN.
https://fishreg.jrc.ec.europa.eu/fishhabitat

Yes

Yes

