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This  study  develops  an  approach  to  mapping  indicators  of  the  potential  of ecosystems  to  supply ecosystem
services,  and  the  impact  of  changes  in  land  cover  and  use  upon  them.  The  study  focuses  on the  EU-25  plus
Switzerland  and  Norway,  and  develops  the methodology  proposed  by  Kienast  et  al. (2009),  which  uses
expert-and  literature-driven  modelling  methods.  The  methods  are  explored  in  relation  to  mapping  and
assessing  four  of the  ecosystem  services:  “Crop-based  production”;  “Wildlife  products”;  “Habitat  diver-
sity”; and  “Recreation”.  The  potential  to deliver  services  is  assumed  to be  influenced  by  (a)  land-use,  (b)  net
primary  production,  and  (c)  bioclimatic  and  landscape  properties  such  as  mountainous  terrain,  adjacency
to coastal  and  wetland  ecosystems,  as  well  as adjacency  to  landscape  and  nature  protection  zones.

The novel  aspect  of  this  work  is  an  analysis  of  whether  the historical  and  the  projected  land  use  changes
for  the periods  1990–2000,  2000–2006,  and  2000–2030  are  likely  to  be supportive  or  degenerative  in the
capacity  of  ecosystems  to deliver  ecosystem  services;  we  refer to  these  as  ‘marginal’  or  incremental
changes.  The  latter  are  assessed  by  using  land  account  data  for  1990–2000  and  2000–2006  (LEAC, EEA,
2006)  and EURURALIS  2.0  land  use  scenarios  for 2000–2030.  The  results  are  reported  at  three  spatial
reporting  units,  i.e. (1) the  NUTS-X  regions,  (2)  the  bioclimatic  regions,  and  (3)  the  dominant  landscape
types.  All  mapped  output  has been  compared  with independently  generated  continent-wide  assessments
(maps  of ecosystem  services  or environmental  parameters/indicators),  which  revealed  that  the straight-
forward  binary  links  work  satisfactorily  and  generate  plausible  geographical  patterns.  This conclusion
mainly  holds  for  provisioning  services.  At  the  continental  scale,  the selected  input  parameters  are  thus
valid  proxies  which  can  be  used  to  assess  the  medium-term  potential  of  landscapes  to  provide  ecosystem
services.

For a subset  of  NUTS-x  regions  for which  change  trajectories  for 1990–2000,  2000–2006  and  2000–2030
are  available,  trade-offs  between  the  four services  have  been  analyzed  using  cluster  analyses.  The latter
allowed us  to simultaneously  analyze  the  state  of  the  four  services  in year  2000  and  the  individual
trajectories  of each  service  over  three  time  periods.  As  a  result  we  obtained  seven  regions with  distinct
trade-off  patterns.  To our  knowledge  this  is  one  of  the  first  continental-wide  analyses  where  land  use
trajectories  are  taken  into  account  to  construct  an  indicator  to estimate  the  balance  between  a  set or
bundle  of ecosystem  services.  The  relationship  between  the  outputs  of  this  work  and  the  development
of  rapid  assessment  and accounting  frameworks  is  discussed.

Crown Copyright  ©  2011  Published  by  Elsevier  Ltd.  All  rights  reserved.

1. Introduction

Although the assessment of ecosystem services is currently
the focus of intense policy interest (ten Brink, 2011; European
Commission, 2011), there is often a lack of empirical information
about service flows and how they are changing over time. These
gaps in our knowledge arise from both the complexity of measuring
ecosystem service outputs directly and from the fact that existing

∗ Corresponding author. Tel.: +44 115 8467398; fax: +44 115 9515249.
E-mail address: marion.potschin@nottingham.ac.uk (M.  Potschin).

monitoring systems were not designed to deliver such information.
As a result we are forced to rely on either proxy measures derived
from empirical data (indicators) or modelled estimates.

The difficulties of assessing changes in ecosystem service
outputs pose particular problems for those seeking to develop
integrated methods of economic and environmental accounting,
the success of which depends on establishing clear relationships
between economic activities and ecosystem functioning. Much
work has focused on trying to capture relationships though the
development of ‘production’ and ‘value’ functions (e.g. Daily and
Matson, 2008; Kienast et al., 2009; Tallis et al., 2008; Tallis and
Polasky, 2009), that model the link between ecosystem service
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outputs and the sets of biophysical and management factors that
influence them. Tallis and Polasky (2011) note, however, that while
the production function concept holds promise, recent approaches
differ in their complexity and the current challenge is to determine
both reliability and suitability in different decision making con-
texts. Given this background, the aim of this study is to examine
how sets of functional relationships for services can be developed
in a robust and credible way  that is relevant to the land accounting
framework developed by the European Environment Agency (EEA,
2006) and others. These accounting methods enable information
on land cover stock and change to be described systematically at a
range of spatial scales, and in particular, enable data on land cover
and use change from different sources to be brought together in an
integrated and consistent way. In more general terms this paper
also examines how land cover and use data can be used for the
development of a multi-criteria approach to monitoring changes
in ecosystem service potential, defined as the capacity of land to
deliver a range of ecosystem services at continental scales, in order
to identify where significant changes in natural capital might be
taking place.

In the discussion that follows we consider both ‘land cover’ and
‘land use’, and take the former to be defined primarily by the bio-
physical characteristics of a given parcel and the latter the utility
that people derive from it. Although conceptually these two  ideas
define distinct characteristics of land, in practice the classification
systems used for many data sources conflate cover and use descrip-
tions, and so the two are not always so easy to separate (Jansen
and Di Gregorio, 2002; Comber, 2008; Haines-Young, 2009; Seppelt
et al., 2012). Clearly in identifying how particular land cover types
might support particular services, an understanding of how people
use the land or ascribe some purpose to it is fundamental. Thus we
deliberately refer to ‘cover’ and ‘use’ in this analysis as dictated by
context.

2. Methodological context

2.1. Background

Cowling et al. (2008) have argued that we need to develop
an ‘operational model’ for mainstreaming ecosystem services in
decision making, and that such a model must include methods
for making and combining biophysical, social and valuation
assessments. Social assessments, they suggest, are used to help
understand the values and priorities of the people who  have the
capacity to manage an ecosystem service or who benefit from it,
and so ideally should precede biophysical assessments. Within
this context biophysical assessments can then supply information
about the types and location of the biophysical features that affect
the capacity to generate ecosystem services, the flows of services
over space and time in relation to beneficiaries, and the impacts
of changes in land and water on service delivery. Valuation assess-
ments then take place, according to Cowling et al. (2008) at the
‘intersection’ of the biophysical and the social components. Other
commentators (e.g. Haines-Young and Potschin, 2010; De Groot,
2010) have also sought to describe the relationships between
ecosystem structure and function and the values and benefits
derived by people, in terms of the ‘cascade model’. This framework
seeks to identify the key elements that need to be considered
in any comprehensive ecosystem assessment and shows how
ecosystem services sit at the interface of the biophysical and
social components of a social–ecological system (see also Potschin
and Haines-Young, 2011). According to this model an ecosystem
function only becomes a service if a beneficiary can be identified
(cf. Boyd and Banzhaf, 2007; Fisher et al., 2009; Busch et al., 2012).

Although the work of Cowling et al. (2008) is indicative of
what is required to bring ecosystem assessments into the main-
stream, these authors do not make an explicit link to environmental
accounting methods which can potentially provide much of the
biophysical information that is required. In fact, the arguments of
Cowling et al. (2008) echo many of these surrounding the role of
land accounts for integrated economic and environmental account-
ing (e.g. SEEA 2003, see United Nations, 2003). The latter which sees
them as complementary but distinct from economic assessments,
providing the physical basis for understand how the underlying
resource base changes over time. While monetary values may  even-
tually be attached to such changes within the SEEA framework it
is generally accepted that biophysical accounts can provide much
of the information that we  need to make a judgement about the
extent to which current trends are sustainable. The use of land
accounts would also go some way  to addressing the critique of cur-
rent approaches to biophysical assessments made by Cowling et al.
(2008), who  argue that they tend to lack social context. Accounting
frameworks do not seek to describe the world in its totality, but
rather describe what are considered to be the most important or
relevant aspects in a specific problem or decision making context.

There are an increasing number of studies that attempt to
map  landscape functionality or to link landscape properties to the
potential output of ecosystem goods and services and the physi-
cal behaviour of landscapes and catchments (e.g. Bindraban et al.,
2000; Leibowitz et al., 2000; Wu  et al., 2003; Peterseil et al., 2004;
Wrbka et al., 2004; Fohrer et al., 2005; De Groot, 2006; Egoh
et al., 2008; Naidoo et al., 2008; Verburg et al., 2008; Willemen
et al., 2008; Nelson et al., 2009; Burkhard et al., 2009; Maes et al.,
2011). A recent mini-review is provided by Bolliger and Kienast
(2010). Although they conclude that landscape functions can now
be regarded as a ‘powerful tool to assess the potential of land-
scapes to deliver ecosystem services in a changing environment’
(Bolliger and Kienast, 2010, p. 3), they suggest that recent work
still has a number of limitations. It has, for example, tended to
focus on provisioning and regulating services, rather than cul-
tural aspects. Furthermore, few studies have looked at the issue
of trade-offs between landscape functions and the need to make
multi-functional assessments, particularly at broad spatial scales.

A difficulty of these recent debates arises, however, in relation to
terminology, and in particular the way the term ‘function’ is used,
when associated with the terms ecosystem and landscape (cf. Jax,
2005; Bastian et al., 2012). In this and our earlier paper (and fol-
lowing the cascade model) we  use the term ‘ecosystem function’
to refer to those properties of an ecosystem that give rise to a ser-
vice. The term ‘landscape function’ would therefore have a similar,
but more specific meaning, referring to the capacities of land (and
especially land cover mosaics) to generate, or give rise to, a ser-
vice. In either case, we  argue, that the relationships between the
ecosystem or land characteristics and service output can be mod-
elled by some relationship, which others have referred to variously
as ‘production’ or ‘value’ functions. When the employed in this way
the term ‘function’ is being used in its mathematical sense to refer
to a calculation device that assigns a unique output value to one
or more inputs of a specified type. Nevertheless the intention of
both usages is clear – to understand ecosystem services in terms
of a set of cause–effect relationships. In the discussion that follows
we will use the term landscape function to focus specifically on the
subset of ecosystem functions that are related to land (Nedkov and
Burkhard, 2012; Burkhard et al., 2012).

The studies by Burkhard et al. (2009) and Kienast et al. (2009)
illustrate some key aspects of recent approaches to modelling
landscape functions. Both use expert-based look-up tables to link
different aspects of land cover and use with the potential to gener-
ate different kinds of service output. While Burkhard et al. (2009)
propose a single, generic look-up table, Kienast et al. (2009) use a set
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of context variables, such as biogeographical region, altitude, slope
and proximity to urban areas to modify the pattern and strength
of linkages. To some extent the difference in approaches reflect
the varying scale perspectives of the two studies; Burkhard et al.
(2009) were focussed more at the regional levels, while Kienast
et al. (2009) were concerned with a continental-wide assessment.
Nevertheless the contrast does illustrate the importance of better
understanding what determines the strength and pattern of these
functional linkages. Indeed, Burkhard et al. (2009) recognise the
hypothetical nature of their matrix, and emphasise that it may  need
to be modified as conditions change from one place to another and
new knowledge develops.

Willemen et al. (2008) also recognise the utility of rule-based
approaches for mapping and quantifying landscape functions but
suggest that other methods are applicable, depending on the types
of data available. These include linking landscape functions to
land cover or policy defined areas, and assessing landscape func-
tions with empirical models using spatial indicators. The first of
these is, they suggest, appropriate where landscape functions are
‘completely observable’, as in the case, say, of residential land or
intensive livestock production. By contrast, the approach based
on empirical models or spatial indicators is most suitable in sit-
uations where the location and extent of particular functions as
to be inferred through some proxy; thus while ‘tourism’ cannot
be directly observed, a number of metrics can be used to estimate
its level, and multivariate models may  even be constructed based
on empirically observed relationships. For these authors the ‘rule
based’ approach is confined to those situations where there is no
information on function location and extent. They go on to show
how these approaches can be used to make an assessment of eight
landscape functions in a small area the Gelderse Vallei, a transi-
tional rural area in the Netherlands.

The study by Peterseil et al. (2004) also illustrates some vari-
ations on the approaches described above, in their work on
ecological sustainability of Austrian agricultural landscapes. They
use rule-based approaches to link landscape structure and pat-
tern to their sustainability indicator, but the rules were based on
fuzzy set theory, and so made a more probabilistic association
between input and output variables for each landscape type. They
also employ an alternative approach based on a statistically derived
empirical function, that measured the intensity of land use (hemer-
obiotic state), and in terms of mapped output found it showed close
correspondence with the rule-based method.

Studies based explicitly on the use of modelled landscape func-
tions include those of Chan et al. (2006),  Naidoo et al. (2008) and
Nelson et al. (2009).  All used information on spatial variation in land
cover and use as key inputs. The first two examined the coincidence
of regions of high service output and zones of importance for bio-
diversity conservation, while the later looked at changing patterns
of service output under a range of future scenarios. These studies
like those of Lesta et al. (2007),  for example, use GIS techniques
to map  the potential of different areas to generate service output.
Although quantitative in character these assessments are, like the
rule-based work discussed earlier, fundamentally hypothetical, in
that they use a range of surrogates or proxies to map  or estimate
variations in service output.

With the availability of systems such as InVEST1 (see for exam-
ple Tallis and Polasky, 2009) and MIMES2 it is likely that the use
of model-based methods for mapping landscape functions will
increase, and that a wider range of decision support tools will
become available. The problem with these methods is that the mod-
els themselves are often sector or process specific and do not easily

1 http://www.naturalcapitalproject.org/InVEST.html.
2 http://www.uvm.edu/giee/mimes/.

allow the linkages between ecosystem services to be considered.
Clearly, by referencing outputs to a common spatial framework
these methods allow the coincidence landscape functions can be
examined, and potential ‘hot-spots’ to be identified. However, the
issues of trade-offs at the functional level are more difficult to
address, and the impacts of different drivers of change on bundles
of services is more difficult to determine.

We suggest that while there has been considerable progress
in the use of rule- and model-based assessments of landscape
functions and their links to the output of ecosystem goods and
services, there is still a pressing need to find ways of describing
the marginal or incremental changes in service output resulting
from modifications of land cover and use, or other environmental
change. The issue of marginal change is critical in making an
economic assessment of the impacts of alternative policy or
management strategies on ecosystem services because it defines
the conditions under which such analyses are appropriate (Fisher
et al., 2008).3 More generally the issue of marginality is important
in terms of understanding in physical terms, the trade-offs and
synergies that exist within the bundles of services that particular
places deliver, and the shifts that have occurred as the result of past
changes, or which might occur under plausible future scenarios
(see for example, Tallis et al., 2008). The need for such analysis
of marginal or incremental change has, for example, recently
been demonstrated in the UK National Ecosystem Assessment.4

The study successfully brought together a large body of empir-
ical data to establish the current status of ecosystem services
at the national scale and the impacts of past trends. However
the work also exposed the problem that we  still lack sufficient
understanding of the functional relationships between land cover
and use, and ecosystem services so that the impacts of different
drivers of change can be examined through the development of
scenarios or by the comparison of different policy or management
options (Haines-Young et al., 2011). These problems are even more
pressing as we look to continental or global scale studies, and in
particular how we  might cope with a situation in which decision
makers require regular updates when integrated economic and
environmental accounting systems are more common place.

2.2. Approach

To overcome the difficulties highlighted above we  have in this
study explored further the use of ‘expert-’ and ‘literature-driven’
models. The study builds on our earlier work (Kienast et al., 2009)
which sought to establish the multiple links between land cover
and use, and potential ecosystem service outputs in different
geographical contexts across Europe. The specific set of potentials
related to land characteristics referred to as ‘landscape functions’
in this earlier study; in this paper we follow a similar logic and
regard these landscape functions as part of a wider set ecosystem
functions associated with land and landscapes. Although our
earlier work looked at the impacts of land cover and use change
through scenarios, it did not consider the more immediate kind
of problem that decision makers would face when monitoring
incremental change against a base-line. This situation arises, for
example, where we seek to understand the impact of transfor-
mations in land cover on the marginal or incremental values of
services (see for example Bateman, 2011). It also arises in the
context of land and ecosystem accounting.

In the current paper we  focus mainly on the ‘accounting prob-
lem’, and in particular, the issue of physical accounting for land

3 Under conditions where change is non-linear and irreversible (i.e. non-
marginal), other ethical and political considerations may  be more important than
economic ones in any assessment.

4 http://www.uknea.org.uk.
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cover and use, and the potential output of ecosystem services. The
context is provided by the Land and Ecosystem Accounts for Europe
1990–2000 (EEA, 2006) which showed that while much more work
needed to be done to develop these accounts for whole ecosystems,
for those characteristics related to land cover at least, conceptual
frameworks and data infrastructures are sufficiently well devel-
oped for land accounts to be made operational. This study and
subsequent work by the EEA has taken the CORINE Land Cover for
2000 as the base-line, and use a ‘change-only’ approach to make
estimates of past trends (since 1990, as recorded in the earlier
CORINE mapping study for 1990), and more recent changes. The
case of monitoring change since 2000 is particularly interesting,
because the 2006 CORINE update involves the use of new sources
of remotely sensed data (GlobCover 2006) with different spatial
spectral characteristics. Although direct comparisons of the state
of land cover at two times is possible, using rule-based or mod-
elled functions, in this paper we explore whether the types of
changes observed can be used as indicators of the changing outputs
of ecosystem services as monitored against some base-line.

As in our earlier work (Kienast et al., 2009) we note that the task
of using rule-base or expert-driven assessments is a challenging
one. If these methods are to be used operationally it is clear that they
require checking to determine whether they are capable of provid-
ing plausible yet parsimonious outputs given the current state of
knowledge about the way ecosystem functions link to potential ser-
vice output. That same proposition also applies here, and as in the
initial study we seek to make independent tests of the mapping out-
put in order to better understand how robust these methods are.
In this way we hope to come close to mainstreaming ecosystem
services in the way that Cowling et al. (2008) and others suggest.

3. Analysis

Our original study (Kienast et al., 2009) used binary links defied
by a panel of five experts to express whether specific land cover
and use types or other environmental properties have a support-
ive or neutral role in the potential to generate ecosystem services.
The mapping of these relationships was made at a relatively coarse
spatial resolution, namely NUTS-x regions of Europe, the mean size
of which is around 8000 km2; the study area was the EU-25 plus
Switzerland and Norway. The current work refines these methods
in several ways with the aim of making the outputs consistent with
the Land and Ecosystem Accounting (LEAC) framework that has
been developed by the EEA; we highlight the major changes to the
methodology compared to the 2009 study:

(a) We  use the same 1 km × 1 km scale accounting grid employed
by LEAC and the three CORINE land cover maps for 1990,
2000 and 2006 that are now available. Thus the mapping and
accounting outputs are at a much finer scale resolution. These
data are used alongside a range of context variables describ-
ing associated land characteristics (Table 1). As reporting and
mapping units we still use the NUTS-x regions.

(b) Our approach uses the hierarchical classification of ecosystem
services proposed by the EEA in their work on the revision
of the SEEA 2003 (United Nations, 2003). This new hierarchi-
cal classification, known as CICES,5 seeks to provide consistent
but more thematically balanced classification of ecosystem ser-
vices than that used in the Millennium Ecosystem Assessment
(MA, 2005) and The Economics of Ecosystems and Biodiversity6

5 Common International Classification of Ecosystem Services, see Common
International Classification of Ecosystem Services, see http://unstats.un.org/unsd/
envaccounting/ceea/meetings/UNCEEA-5-7-Bk1.pdf.

6 http://www.teebweb.org/.

(TEEB). In the classification the categories are designed to be
more equal their conceptual scope. It has also been designed to
allow an easier read-across between different studies by taking
account of the way service definitions vary at different spatial
and thematic scales. Four ecosystem services at the third ‘ser-
vice type’ level in the CICES hierarchy were selected for analysis:
“Crop-based production”, from within the Nutrition class of the
Provisioning theme; “Wildlife products”, from the class of Biotic
Materials, again in the Provisioning theme; “Habitat diversity”,
from the Lifecycle Maintenance and Habitat Protection class
in the Regulating thematic group; and finally “Recreation”, as
an example of a service from the Experiential class under the
Cultural theme.

Different ways of linking the landscape functions with indepen-
dent parameters have been presented in the literature as a way
of generating ecosystem service indicators. These include process-
based links (Krönert et al., 2001; Haase et al., 2007) or look-up tables
expressing to what degree land characteristics hinder or support
a particular landscape function (Burkhard et al., 2009). Given our
experience reported in Kienast et al. (2009), we decided to use the
link table shown in Table 1. Binary links (0/1 look-up tables) are
used for the land cover and use data (Table 2) to express whether a
land characteristic has a supportive role (value 1) or a neutral role
(value 0), for a given CICES ecosystem service. As the scoring system
shows, context information relating to geographic location or other
land characteristics is used to modify the lookup scores. The land
characteristics were net primary production gathered via remotely
sensed MOD17 data at 500 m resolution (Zhao et al., 2005), and
bioclimatic and landscape properties such as whether the area
for which a projection was being made was within mountainous
terrain, or adjacent areas with a landscape and nature protection
designation (see Table 1 for further details of data sources). The link
table (Table 2) was generated with the aid of expert knowledge
and the scientific literature. It took several iterations and rounds
of discussion before the findings from the literature and the expert
assessments were consistent and considered to be a credible frame-
work for describing how specific land characteristics are associated
with each service.

In addition to estimating the current potential of different areas
to deliver services, a novel aspect of this study was the analysis of
two components of future change: the assessment of the impact
of marginal changes in service output resulting from recent histor-
ical land cover and use change (1990–2000); and, how projected
changes up to 2030 might alter the capacity of land to deliver spe-
cific services.

The historic assessment of marginal changes was undertaken
using the Land and Ecosystem Accounting database (LEAC) created
by the EEA using successive CORINE Land Cover data. The analysis
of these incremental changes was  included in the study in order to
examine whether recent trend data could add additional insights to
spatial assessment techniques, particularly where change against
some base-line status is of interest to decision makers. For the anal-
ysis, two  time steps were examined: the changes identified by a
comparison of CORINE Land Cover for 1990 and the 2000 base-
line; and, a comparison between CORINE Land Cover 2000 and the
recently published data derived from GlobCORINE that provides an
insight into the state of land cover for 2006. Unfortunately Glob-
CORINE is not available for the UK and Switzerland and so these
countries have been left out of this part of the analysis.

The accounting framework developed by the EEA (EEA, 2006)
includes both a classification of land cover and use types and
the processes by which one type is transformed into another.
The classification of flows is hierarchical in structure, like the
classification of land cover and use, and has been used to map
where particular types change, like urban sprawl or agricultural
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Table  1
Final set of independent data describing the basic land characteristics.

Dataset number and
short description

Number of classes, resolution
Class description

Source Approx. year of
reference

1. Corine land cover,
level 2, including
Norway and
Switzerland

15 classes (level 2), 1 ha
1.1 urban fabric
1.2 industrial, commercial and transportation
1.3 mine, dump and construction sites
1.4 artificial non-agricultural vegetated areas
2.1 arable land
2.2 permanent crops
2.3 pastures
2.4 heterogeneous agricultural areas
3.1 forest
3.2 shrub and/or herbaceous vegetation associations
3.3 open spaces with little or no vegetation
4.1 inland wetlands
4.2 coastal wetlands
5.1 inland waters

EEA (2002) and Hazeu et al. (2007) 2000

2.  Mountain terrain 2 classes, 0.2 km2

0: no mountain terrain
1: mountain terrain: >1000 m or 500–1000 m and >5% slope

GTOPO30

3.  Nature protection
zones

3 classes, 1 ha
0: not adjacent to protection zone
1: inside a 10 km × 10 km square with 7–25% protection zone
2:  inside a 10 km × 10 km square with >25.1% protection zone

World Database of Protected Areas (“WDPA”)
compiled by the WDPA Consortium, including
UNEP-WCMC

1970–2000

4.  Landscape
protection zones

3 classes, 1 ha
0: not adjacent to protection zone
1: inside a 10 km × 10 km square with 6–20% protection zone
2: inside a 10 km × 10 km square with >20.1% protection zone

World Database of Protected Areas (“WDPA”)
compiled by the WDPA Consortium, including
UNEP-WCMC

1970–2000

5.  Mean Actual Net
Primary Production
(aNPP)

3 classes, 1 km2

1: 0.009–0.35 kg C/m2/year
2:  0.351–0.68 kg C/m2/year
3:  >0.681 kg C/m2/year

MODIS MOD17 product (Zhao et al., 2005) 2001–2005

6.  Buffered coast,
wetlands, large rivers

2 classes, 1 ha
0: outside 500 m buffer
1:  inside 500 m buffer

EEA (2002) and Hazeu et al. (2007) 2000

7.  Land accounts for
Europe for (a)
1990–2000; (b)
2000–2006, and (c)
2000–2030
(Eururalis 2.0
scenarios)

LEAC change classes 1 km 1990–2000, 9 classes, 1 km2

LCF1 Urban land management
LCF2 Urban residential sprawl
LCF3 Sprawl of economic sites and infrastructures
LCF4 Agriculture internal conversions
LCF5 Conversion from forested and natural land to agriculture
LCF6 Withdrawal of farming
LCF7 Forests creation and management
LCF8 Water bodies creation and management
LCF9 Changes of Land Cover due to natural and multiple causes

LEAC, EEA (2006),  Meijl et al. (2006), Verburg
et al. (2006),  Westhoek et al. (2006), Verburg
et al. (2009).

1990–2000
2000–2006
2000–2030

conversion, is occurring. For the purposes of the present study, the
different types of change have been classified using the system
of binary links with those changes likely to further support or
enhance a particular service being scored as ‘S’, and those that are
more neutral in their effects being given the score ‘N’. In contrast
to the overall mapping of potential for the marginal changes we
did attempt to recognise changes that might damage or detract
from service output; these changes were scored as ‘D’ (Table 2).

The futures component of the work was based on EURURALIS
2.0 land use scenarios for 2000–2030 (Meijl et al., 2006; Verburg
et al., 2006; Westhoek et al., 2006; Verburg et al., 2009), which
are based on the four IPCC SRES land use scenarios. The land cover
types used in EURURALIS were cross referenced with the land cover
classes used for the preparation of the EEA land cover accounts. For
the analysis of the impacts of the different scenarios the land cover
and use changes were assigned a supportive, neutral or degrading
role, as for the analysis of recent historic patterns. Although other
studies have examined how ecosystem services might change
under different assumptions about the future (e.g. Carpenter et al.,
2006; Nelson et al., 2009), the analysis presented here sought
to break new ground by identifying how different geographical
areas might be grouped according to their change trajectories for
bundles of ecosystem services. Recent service mapping studies
have tended to focus on individual service responses. A motivation

for our analysis is the belief that, if society is to make decisions
about the implications of trade-offs between services, then a more
integrated perspective on bundles of services is necessary.

Given the fact that the methods applied in this study were based
on expert judgement and literature review, we felt it important
to test the robustness of the outputs critically (see Kienast et al.,
2009 for details). Thus the assessment made for each of the four
target services were compared with other independently gener-
ated continent-wide assessments (maps of ecosystem services or
environmental parameters/indicators). While we would argue that
these other assessments tended to be more generalised than the
outputs from this study, they are sufficiently useful for testing the
plausibility of the assessment made here. The details of the inde-
pendent data used for testing the outputs are discussed below.

4. Results

In Figs. 1–4 we present the results of the multi-criteria mapping
for the target services; the scoring system used for each service and
associated criteria are defined in Table 2. Although the analysis was
made at the 1 km × 1 km resolution, the mapping has been aggre-
gated to NUTS-x level so that the broad geographical patterns can be
seen more easily. A full set of graphics is provided for “Crop-based
production” (Figs. 1 and 2) to illustrate the nature of the output that
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Fig. 1. Analysis of results for Crop-based production (part 1).

can be generated by the approach; for “Wildlife products”, “Habitat
diversity” and “Recreation” we present a limited number of maps
and diagrams (Figs. 3 and 4).

The analysis for “Crop-based production” (Figs. 1 and 2) maps all
the areas that are important for food crops produced through com-
mercial agriculture. The spatial analysis of the situation in year 2000
(Fig. 1, map  A1) clearly highlights the expected hotspots of arable
production such as the eastern part of the UK, northern France,
parts of Belgium and the Netherlands, and Denmark, together with

a broad sweep of land in the northern part of Germany and Poland.
Areas with low potential scores are the mountains and the Nordic
regions.

The analysis of the marginal changes between 1990 and 2000 in
the potential to support crop-based services is particularly interest-
ing. A comparison of the two  maps (Fig. 1, A2.1 and A2.2) suggests
that changes tending to reduce the potential for “Crop-based pro-
duction” tend to be more widespread than those that would tend
to enhance it. Although a comparison of the relative changes for
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Fig. 2. Analysis of results for Crop-based production (part 2).
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Fig. 3. Analysis of results for Wildlife products and Habitat diversity.

the two historic time periods (1990–2000; 2000–2006) is made
more difficult because of the lack of data for some countries, it is
clear that degradative changes continue to dominate. As is clearly
visible in maps A3.1 and A3.2 (Fig. 1) Portugal and the western
Mediterranean coast of Italy as well as the Nordic countries show
the most marked transformations. The analysis of the EURUALIS
scenarios suggests that these degradative trends may  continue into
the future, at least for the A1 (‘Global Economy’) scenario (Fig. 1,
maps A4.1 and A4.2). Since the aim of this paper is a methodologi-
cal one, we only present the results for the A1 scenario as a test of
concept because the land cover and use changes under this narra-
tive are potentially the most extreme. This scenario envisages rapid
economic growth, global population peaking at around 9 billion in
2050, rapid uptake of new technologies and globalised societies.

Fig. 2 provides a comparison of potentials for “Crop-based
production” across the dominant landscape types and major

biogeographical zones defined in the earlier accounting work of
the EEA (EEA, 2006). The classification of dominant landscape was
based on the most widespread land cover and use types in each
1 km × 1 km cell of the European grid. The biogeographical zones
used in the EEA account study were based on those devised in
support of the EU Habitats Directive (EEA, 2006). The loss of poten-
tial in “Crop-based Production” is particularly marked in forested
landscapes (Fig. 2, diagrams B2–B4) supporting the hypothesis
that changes in land management leading to land abandonment
may  be important in these areas. Other processes tending to lead
to a reduced potential for “Crop-based production” include urban
sprawl in those areas assigned to the Urban and Dispersed Urban
landscape types defined by the EEA (Fig. 2, diagrams B2–B4).

“Wildlife products” belongs to the service group Biotic Materials
in the CICES system; it includes the provisioning of all non-edible
raw material products that are gained through non-agricultural
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Fig. 4. Analysis of results for Recreation.

practices or which are produced as a by-product of commercial and
non-commercial forests, primarily in non-intensively used land or
semi-natural and natural areas. The map  of service potential (Fig. 3,
map  A1w) shows high loadings for the Alpine, Boreal and Mediter-
ranean zones, partly due to the more natural or less intensively
used character of these landscapes and their associated land-uses.
As might be anticipated given the changes in “Crop-based pro-
duction”, those landscapes where recent changes have tended to
enhance the provision of these services are those where land aban-
donment may  be underway; forested and semi-natural and natural

landscapes show the most marked positive changes for this service,
whereas those dominated by urban cover show the most negative
scores. The changes in areas dominated by intensive agriculture are
more balanced (Fig. 3, diagram B2w).

The analysis for the regulating service “Habitat diversity” seeks
to identify all the areas with potential to support biodiversity
(Fig. 3). The results suggest that the potential to provide this ser-
vice is fairly evenly distributed across Europe except in areas with
intensive agriculture. Urban habitats are assumed to contribute
important habitats that are increasingly vanishing in Europe such
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Table  3
Quantitative and qualitative map  evaluation with independent spatial data.

Service Independent map  Method of quantitative comparison Qualitative
comparison (visual
comparison)

Proportion of agreement incl.
95% error margins

Un-weighted Kappa

Food and beverage – example
Crop-based Production

Map  of ecosystem service
“farmer livelihood” (source:
Metzger et al., 2006, 2008)

0.4713 (chance agreement:
0.25) upper 95% 0.52 lower 95%
0.42 (4 class comparison; class
boundaries = quartiles)

0.30 (fair agreement) upper
95% 0.36 lower 95% 0.23 (4
class comparison; class
boundaries = quartiles)

Fair

Biotic materials – example
Wildlife products

(a) Map  “Areas with relatively
little influence from
urbanisation, transport or
intensive agriculture” (EEA,
1998)
(b) Map  “Ratio of forest and
semi-natural areas to
agriculture and urban areas”
(EEA, 1999)

No quantitative comparison
possible

No quantitative comparison
possible

Fair

Lifecycle maintenance and
habitat protection – example
Habitat diversity

Map  “number of species (bird,
plant, trees, reptiles)” (Metzger
et al., 2008)

Below chance agreement Below chance agreement Low

Experiential – example
Recreation

Map  of indicator “tourist
accommodation, bed places”
(source:
http://epp.eurostat.ec.europa.eu)

0.69 (chance agreement: 0.61)
upper 95% 0.74; lower 95% 0.65
(2 class comparison; class
boundary = 75% percentile)

0.22 (fair agreement) upper
95% 0.32; lower 95% 0.11 (2
class comparison; class
boundary = 75% percentile)

Fair

as bare plots, open gravel or extensively used transport corri-
dors (Fig. 3, A1h). Aside from urban areas, Scandinavia, Scotland
and mountain areas are clearly highlighted as important zones,
where increased habitat diversity is likely to increase the poten-
tial to support biodiversity. Overall, the extent of areas where the
potential to provide this ecosystem function is being degraded
appear to balance out those where changes are tending to enhance
it. However, the spatial distributions of these changes are very
uneven, so that the balance of pressures may  be changing (Fig. 3,
diagram B2h); the analyses suggest that while the potential is
increasing in forested, open semi-natural and composite land-
scapes, degradative processes appear to dominate in the other
landscapes. Such pressures suggest a polarisation in the ability of
ecosystems to provide this important ecosystem function across
Europe.

The final service considered here is “Recreation”, which belongs
to the Intellectual and Experiential service group. It is broadly
defined as all areas where landscape properties are favourable
for active recreation purposes. The resulting analysis of potential
shows a good match with the major European summer and winter
destinations e.g. the Mediterranean and mountain areas (Fig. 4, map
A1), although given the size of the NUTS-x units used for mapping
the coastal areas of the Mediterranean do not stand out as might
be expected. The observed changes in land cover and use suggest
that the areas where the potential to supply this service is being
degraded are relatively small in contrast to those where the poten-
tial is increasing. Many of the areas showing positive change are
undergoing some form of re-wilding. As with the analysis of “Crop-
based production”, a comparison of the relative changes for the two
historic time periods is made more difficult because of the non-
availability of data for some countries (see Fig. 4, maps A2.1, A2.2,
A3.1, A3.2). However, it appears that the positive changes appear
to dominate in both time periods in those areas where information
exists, such as in the western part of the Iberian Peninsula and the
Hungarian Plain. The analysis of the EURUALIS scenarios suggests
that these positive tendencies may  continue into the future (Fig. 4,
maps A4.1 and A4.2).

Five independent sources have been used to check the out-
put of the analysis of service potential presented above (Table 3).
Comparisons have been made quantitatively by using proportional

agreement and the un-weighted Kappa metric (Hagen-Zanker,
2006 or Visser and de Nijs, 2006). The levels of agreement for
the Kappa metric (low, fair, and good) follow the international
standards (Landis and Koch, 1977). The qualitative evaluation,
which was performed by visual comparison of maps, follows
Pontius et al. (2008) and is based on a strict protocol. Maps were
compared region by region by describing type and portion of agree-
ment/disagreement on three qualitative levels (low: patches at
different geographical locations, quantities not equal; fair: major
patches match geographically, quantities match within a range of
approx. 25%; good: major and minor patches match geographically,
quantities match within a range of approx. 10%). “Crop-based pro-
duction” showed fair agreement with the corresponding ecosystem
service maps of Metzger et al. (2006, 2008).  No statistically signifi-
cant agreement was found for “Habitat diversity” when compared
with the indicator map  for number of species. Fair agreement was
observed for “Recreation” when compared with tourist accommo-
dation and bed-places. No qualitative or quantitative comparisons
were possible for the provision of “Wildlife products”.

It is recognised that both landscapes and ecosystems are gen-
erally multi-functional in character; that is they can potentially
deliver a range of benefits to people. The portfolio of services
that are actually delivered depends on a range of external factors,
including local biophysical conditions and the nature of the human
use or management of the land. Rarely, however, can the output of
benefits be optimised across all services. Instead, trade-offs often
exist, with the option of increasing the output of particular types of
service only being made possible by reducing the capacity to deliver
others. While most other service mapping studies have considered
changes in the output of single services, rarely have the analysis of
such potential trade-offs been reported. A recent attempt is pro-
vided by Maes et al. (2011),  however, who  looked at the current
spatial associations of services derived from applying the lookup
of Burkhard et al. (2009) to patterns across Europe The approach
used in this study allows such an analysis of trade-off over time to
be made.

The data on the mean service loading and marginal impacts of
land cover and use change for the four target services across the
two time periods (1990–2000 and 2000–2006) were aggregated to
NUTS-x level, and used to define clusters or groupings of units with
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Fig. 5. Mapping trade-off clusters based on trajectories of Crop-based production, Wildlife products, Habitat diversity and Recreation.

similar change trajectories. The results are shown in Table 4 and
the clusters are mapped in Fig. 5.

In general there is a clear trade-off between the potential for
the service “Habitat diversity” and “Crop-based production”. There
are three clusters where the potential for “Habitat diversity” and
“Recreation” have improved at the expense of “Crop-based pro-
duction” (clusters 1, 2, and 4). Cluster 1 aggregates all areas where
agricultural abandonment started early in the 1990s. The process is
expected to continue in a moderate way by 2030. Cluster 2, on the
other hand, shows little changes in the crop production potential
between 1990 and 2006 and moderate re-wilding or extensifica-
tion changes are expected by 2030. Finally, cluster 4 shows a strong
reduction in the potential to grow crops between 1990 and 2006 in
favour of extensification, a trend that appears to continue strongly
under the A1 EURUALIS scenario.

There are two clusters that show a strong potential to grow
crops (clusters 5 and 7). The NUTS-x regions belonging to cluster
5 have a relatively low score for “Habitat diversity” and “Wildlife

products”. There is a loss of potential for crop-based production
in these regions between 1990 and 2006, but a more positive per-
spective projected for the period up to 2030. The natural capital of
these regions, however seems to be least affected by increased pro-
duction capacities. The NUTS-x areas in cluster 7 show only little
changes in the dominant crop production mode (1990–2006) and
will most likely maintain or even increase their potential to grow
crops by 2030 according to the scenario. Their nature and recreation
potential, however, is expected to decrease.

Among the seven clusters, only one (cluster 3) suggests that
there are areas with a fairly stable mix  of ecosystem services; it
shows a medium potential for crop production, low potentials for
“Wildlife products”, and only small changes are expected by 2030.
Finally cluster 6 represents highly populated areas with moderate
scores for “Crop-based production” and high potentials for “Recre-
ation” and “Habitat diversity”. Due to a high projected demand in
2030, the potential for “Recreation” is likely increase at the expense
of habitat, crop and wildlife services.
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5. Discussion

The aim of this work has been to devise approaches for assessing
changes in the capacity of ecosystems to deliver ecosystem ser-
vices based on multi-criteria methods, that could be used as part
of the fast track accounting approach being developed by the EEA.
The results suggest that there is some potential in the methods
described, with mapped outputs for four target services show-
ing reasonable agreement with independent sources that describe
similar types of ecosystem output. However, to ensure a success-
ful extension and application of these methods there are several
important issues that must be considered:

(a) Landscape dynamics and changes in service potential: The
assumption that land cover and use data are reasonable prox-
ies (indicators) for estimating the potential of land to provide
services, can be questioned, given their temporal dynamics and
variability. Our analysis has showed, however, that at the coarse
spatial level of NUTS-x regions (mean area 8000 km2), land use
data are acceptable proxies for a mid-term assessment (10–20
yrs), if historic land-use change data are used or a sensitiv-
ity analysis with scenario-generated data is undertaken. At the
moment we do not see any valid alternative that could replace
the land use data.

(b) Linking ecosystem services and land characteristics: A major pur-
pose of the study was to refine and apply the methodology
proposed by Kienast et al. (2009) to a set or bundle of ecosystem
services identified in the CICES framework. We  are, however
well aware that given the rather general character of input data
we are still very likely to estimate the potential of a pixel of land
to provide ecosystem services (stock) rather than the realized
service (flow) itself. Nevertheless, while absolute flows may not
be measurable, the marginal changes in these flows might be
estimated by the analysis of the types of land cover and use
change (flow accounts for land). The analysis showed that at the
selected spatial resolution (NUTS-x, dominant landscape types
and biogeographic regions), land use change can be used as a
proxy to assess past and projected degradative or supportive
land use for some ecosystem services.

(c) Validating the continent-wide approach: As highlighted here and
in the scientific literature (Burkhard et al., 2012; Beck et al.,
1997; Mayo and Spanos, 2004), the quantitative evaluation of
ecosystem service estimates with independent data is difficult
at the continental scale. Only a few of the independent data
are continent-wide service assessments. Most are so-called
indicator maps, representing only a small thematic propor-
tion of a service. We  recommend improving our evaluation by
more sophisticated procedures as more independent ecosys-
tem maps become available. This could involve techniques such
as fuzzy-based Kappa (Visser and de Nijs, 2006) or budgeting
spatially explicit components of shared information (Pontius
et al., 2008).

(d) Trade-off analysis: To our knowledge this is one of the first
continental-wide analysis where land use trajectories over
40 yrs (1990–2030) are taken into account to estimate the
trade-offs between the selected services. We  are able to distin-
guish seven spatially explicit clusters with distinct evolutionary
trajectories of ecosystem services. Such clusters and their
dynamics could be used as the basis of an additional set of indi-
cators for tracking the capacity of land to generate ecosystem
services.

6. Conclusions

The aim of this paper has been to develop the logic for assessing
the potential of large areas to deliver ecosystem services as first
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reported in Kienast et al. (2009).  This approach and the follow-up
work have been designed to be:

• Transparent and parsimonious: in that the decision rules (see e.g.
Gustavsson et al., 2006; Metzger et al., 2006) representing links
between land characteristics and ecosystem service classes fit the
available knowledge at continental scales;

• Expert-driven: to the extent that information from experts and
from literature is implemented to supplement and extend empir-
ical knowledge;

• Temporally and spatially explicit: in that the method is applica-
ble to multiple time steps; and incorporates historical as well as
projected land use change; and

• Theoretically consistent: in that the proposed rules are consis-
tent with the currently accepted ecosystem goods and service
concepts.

While the methods may  stand alone as one way  of assessing the
potential of land to provide ecosystem services, they clearly have
relevance in the context of land accounting and the attempt to con-
struct a rapid or ‘quick scan’ assessment of the state of services at
European scales. Thus they are not meant to replace more detailed
process- or model-based assessments which may, for example,
more explicitly take account of feedbacks. Instead, they aim to
allow a rapid initial appraisal that could potentially flag up impor-
tant trends as they occur, and so help decision makers prioritise
intensive scrutiny using specialised scientific tools.

By explicitly linking the analysis to land characteristics and the
processes of land cover and use change, the outputs from this study
also represent an initial attempt to construct ‘physical’ accounts for
services that so provide a first approximation to broad-scale ecosys-
tem accounts. The methods can therefore be used to identify the
state and trends of different spatial units and their capacity to pro-
vide ecosystem services, and thus give some insights into the state
of our natural capital, at least from a terrestrial perspective. The
importance of assessing the significance of incremental or marginal
changes has been emphasised recently in the economic literature
(Fisher et al., 2008; Bateman et al., 2010). Indeed the approach has
explicitly been used as the basis of valuation of ecosystem services
in the recent UK National Ecosystem Assessment, by making com-
parisons between scenario outcomes and current conditions. We
suggest that indicators of change, such as the ones considered here,
that include reference to these marginal changes may  be useful in
taking such work forward.

The link we have suggested to scenarios is a further area where
these kinds of approach may  be useful. The methods proposed here
are sufficiently flexible to be applied to both historical cover and
projected change. The approach can therefore form something of
a bridge between the rapid or quick-scan assessments of current
trends, and the kinds of exploratory, ‘what-if’ modelling that deci-
sion makers often use in the process of policy development and
appraisal. Such work would require the more detailed analysis of
the way different drivers of change are likely to impact on land
cover and use.

Although our work suggests that plausible outputs can be
obtained using the simple methods proposed, we recognise that the
more sophisticated sets of criteria can be developed. Thus proba-
bilistic methods could be applied in order to produce more spatially
nuanced or refined mapped and tabular outputs; cross-scale effects
should also be considered. More explicit analysis of the drivers of
change could also be incorporated into the analysis. We  see these
possibilities as an important next step in the development of indi-
cators of the capacity of land to generate ecosystem services. This
study confirms, however, that indicators or proxies of the capacity
of land to generate ecosystem services at broad spatial scales can
be constructed in ways that can address current policy concerns.
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