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a b s t r a c t

In the EU, the mapping and assessment of ecosystems and their services, abbreviated to MAES, is seen
as a key action for the advancement of biodiversity objectives, and also to inform the development
and implementation of related policies on water, climate, agriculture, forest, marine and regional
planning. In this study, we present the development of an analytical framework which ensures that
consistent approaches are used throughout the EU. It is framed by a broad set of key policy questions
and structured around a conceptual framework that links human societies and their well-being with
the environment. Next, this framework is tested through four thematic pilot studies, including sta-
keholders and experts working at different scales and governance levels, which contributed in-
dicators to assess the state of ecosystem services. Indicators were scored according to different cri-
teria and assorted per ecosystem type and ecosystem services using the common international
classification of ecosystem services (CICES) as typology. We concluded that there is potential to
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Natural Capital develop a first EU wide ecosystem assessment on the basis of existing data if they are combined in a
creative way. However, substantial data gaps remain to be filled before a fully integrated and com-
plete ecosystem assessment can be carried out.
& 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).

1. Introduction

In 2011 countries which are party to the Convention of Biolo-
gical Diversity (CBD) adopted a new strategic plan until 2020. This
plan includes the so called Aichi biodiversity targets, 20 ambitious
objectives to stop biodiversity loss and to ensure healthy ecosys-
tems providing essential services to people. Following the adop-
tion of this global strategic plan, the European Union (EU), which
also signed the CBD, proposed a European Biodiversity Strategy to
2020 (European Commission, 2011). This strategy includes six
targets. They cover the full implementation of the EU nature leg-
islation, a better protection of ecosystems and the services they
provide, more sustainable agriculture and forestry, better man-
agement of fish stocks, tighter controls on invasive alien species,
and a bigger EU contribution to averting global biodiversity loss.
Target 2, in particular, aims to maintain and enhance ecosystems
and their services by establishing green infrastructure and re-
storing at least 15% of degraded ecosystems. To meet the targets
the Biodiversity Strategy sets 20 actions. Three concrete actions
are proposed to achieve target 2. Action 5 improves the knowledge
base on ecosystems and ecosystem services; Action 6 sets prio-
rities to restore ecosystems and promote the use of green infra-
structure; Action 7 launches an initiative to ensure the no net loss
of biodiversity and ecosystem services.

Under Action 5 the Member States of the EU are committed to
map and assess the ecosystems and their services on their national
territory. 'Mapping' stands for the spatial delineation of ecosys-
tems as well as the quantification of their condition and the ser-
vices they supply. Ecosystems are spatially explicit and so, too, are
the pressures and impacts upon them. As a result the condition of
ecosystems and the supply of ecosystem services are expected to
be spatially heterogeneous as well, requiring the use of spatial
data and indicators (Maes et al., 2012). 'Assessing' refers to the
translation of this predominantly scientific evidence into in-
formation that is understandable for policy and decision making,
e.g. through maps, indicators, narratives and graphs.

The commitment of Action 5, together with other commitments
formulated in the Biodiversity Strategy, was formally adopted by the
Council of the EU and endorsed by the European Parliament, two
institutions that share decision power. This gives the European
Commission, which is the executive arm of the EU, a strong man-
date to implement Action 5. In practice, the implementation of the
mapping and assessment of ecosystems and their services (MAES) is
in the hands of an expert working group. The working group MAES
consists of official representatives of EU Member States, experts
affiliated to different European Commission services and of the
European Environment Agency, as well as independent scientists.
The MAES working group has been set up within the Common
Implementation Framework of the Biodiversity Strategy and it re-
ports back to the Co-ordination Group for Biodiversity and Nature
(CGBN), which oversees the implementation of biodiversity policy
in the EU. The working group meets two or three times per year
with the aim to provide the best available guidance to Member
States on how to map ecosystems, and assess their state and the
services they provide.

The essential challenge of Action 5 and of the working group is
thus to make the best use of and to operationalize the information

and scientific knowledge currently available on ecosystems and
their services in Europe. Consequently, Action 5 and MAES build
strongly on the outcomes of the Millennium Ecosystem Assessment
(MA, 2005) and The Economics of Ecosystems and Biodiversity
(TEEB, 2010) studies. Importantly, some countries in Europe have
started or recently finished a national ecosystem assessment or
national TEEB studies, for example the United Kingdom (UKNEA,
2011) and Spain (Santos-Martín et al., 2013).

This paper aims to describe the policy process and the technical
results attained so far in the development of an indicator frame-
work for ecosystem assessment in the EU (under Action 5 of the
Biodiversity Strategy). It is the result of a collaborative effort from
stakeholders working at different scales. This paper describes the
working process and summarized the most relevant initial out-
comes: (i) a conceptual framework linking biodiversity, ecosystem
state and ecosystem services to human well-being; (ii) a typology
for ecosystems in Europe; and (iii) a typology for ecosystem ser-
vices. In a second phase, the typologies were tested through four
thematic pilot studies (Maes et al., 2014). These pilot studies
considered Europe's main ecosystem types: croplands, grasslands,
forests, rivers and lakes, wetlands, and four marine ecosystems.
Also ground waters were included in one of the thematic pilots.
Finally, we summarized the results of the pilot studies into a single
set of indicators which can be seen as a first European-wide
agreed indicator frame for mapping ecosystems and their services.

2. A conceptual framework for ecosystem assessment in the
EU

Driven by a set of policy questions, which are listed in the
supplementary material of this paper (Supplement 1), the working
group MAES developed a conceptual framework with the aim to
provide support to future assessments by EU Member States. The
first versions of the conceptual model were rooted in the ecosys-
tem services cascade model (Haines-Young et al., 2012; Haines-
Young and Potschin, 2010), the TEEB framework (de Groot et al.,
2010), and the UK National Ecosystem Assessment (UKNEA, 2011).
It also contained elements of the DPSIR framework (Drivers-
Pressures-State-Impact-Response) linked to the cascade model
(Kandziora et al., 2013). The DPSIR approach has traditionally been
used in the conception and implementation of environmental
legislation in Europe (Niemeijer and de Groot, 2008). The cascade
model and its revised version adopted by the TEEB study connect
ecosystem structure and ecosystem functioning to human well-
being through the flow of ecosystem services (de Groot et al.,
2010). However, further modifications to the conceptual frame-
work were needed due to the particular European governance
context. The Biodiversity Strategy is a non-binding communication
and cannot be enforced as for instance a directive. It follows that
finding consensus among the different Member States of the EU is
crucial to achieve desired policy outcomes. Some Member States
preferred that a conceptual model emphasized the supply side of
ecosystem services. They insisted focusing particularly on the
proper functioning of ecosystems and the role of biodiversity in
underpinning ecosystem services. Others states preferred a more
profound emphasis on the demand site of ecosystem services with
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