
This article appeared in a journal published by Elsevier. The attached
copy is furnished to the author for internal non-commercial research
and education use, including for instruction at the authors institution

and sharing with colleagues.

Other uses, including reproduction and distribution, or selling or
licensing copies, or posting to personal, institutional or third party

websites are prohibited.

In most cases authors are permitted to post their version of the
article (e.g. in Word or Tex form) to their personal website or
institutional repository. Authors requiring further information

regarding Elsevier’s archiving and manuscript policies are
encouraged to visit:

http://www.elsevier.com/authorsrights

http://www.elsevier.com/authorsrights


Author's personal copy

Review

Mapping and monitoring High Nature Value farmlands: Challenges in
European landscapes

Angela Lomba a,b,*, Carlos Guerra c,d, Joaquim Alonso d, João Pradinho Honrado a,
Rob Jongman b, David McCracken e

aCentro de Investigação em Biodiversidade e Recursos Genéticos (CIBIO), Campus Agrário de Vairão, 4485-661 Vairão, Portugal
bAlterra, Wageningen University and Research Centre, P.O. Box 47, 6700 AA Wageningen, The Netherlands
c Instituto de Ciências Agrárias e Ambientais Mediterrânicas, Pólo da Mitra, Apartado 94, Évora, Portugal
d Instituto Politécnico de Viana do Castelo e Escola Superior Agrária, Viana do Castelo, Portugal
e Land Economy & Environment Research Group, SRUC: Scotland’s Rural College, Auchincruive, Ayr KA6 5HW, United Kingdom

a r t i c l e i n f o

Article history:
Received 29 August 2013
Received in revised form
6 February 2014
Accepted 28 April 2014
Available online 3 June 2014

Keywords:
Agricultural policy
High Nature Value farmlands
Monitoring and evaluation frameworks
Rural development programmes

a b s t r a c t

The importance of low intensity farming for the conservation of biodiversity throughout Europe was
acknowledged early in the 1990s when the concept of ‘High Nature Value farmlands’ (HNVf) was devised.
HNVf has subsequently been given high priority within the EU Rural Development Programme. This puts
a requirement on each EU Member State not only to identify the extent and condition of HNVf within
their borders but also to track trends in HNVf over time. However, the diversity of rural landscapes across
the EU, the scarcity of (adequate) datasets on biodiversity, land cover and land use, and the lack of a
common methodology for HNVf mapping currently represent obstacles to the implementation of the
HNVf concept across Europe. This manuscript provides an overview of the characteristics of HNVf across
Europe together with a description of the development of the HNVf concept. Current methodological
approaches for the identification and mapping of HNVf across EU-27 and Switzerland are then reviewed,
the main limitations of these approaches highlighted and recommendations made as to how the iden-
tification, mapping and reporting of HNVf state and trends across Europe can potentially be improved
and harmonised. In particular, we propose a new framework that is built on the need for strategic HNVf
monitoring based on a hierarchical, bottom-up structure of assessment units, coincident with the EU
levels of political decision and devised indicators, and which is linked strongly to a collaborative Euro-
pean network that can provide the integration and exchange of data from different sources and scales
under common standards. Such an approach is essential if the scale of the issues facing HNVf landscapes
are to be identified and monitored properly at the European level. This would then allow relevant agri-
environmental measures to be developed, implemented and evaluated at the scale(s) required to
maintain the habitats and species of high nature conservation value that are intimately associated with
those landscapes.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Agriculture is a dominant form of landmanagement, accounting
for almost 40% of the world’s terrestrial surface (Balmford et al.,
2005; Donald and Evans, 2006; Dudley et al., 2005; Gordon et al.,

2010; Millennium Ecosystem Assessment, 2005; Power, 2010).
Over the second half of the 20th century, regular food shortages in
many parts of theworld and rapid population growth, underpinned
a worldwide expansion of agricultural production (Benton et al.,
2003; Bignal and McCracken, 2000; Evenson and Gollin, 2003;
FAO, 2011; Firbank, 2005; Gordon et al., 2010; Tilman et al.,
2002), but often at high costs for biodiversity (Aavik and Liira,
2009; FAO, 2011; Stoate et al., 2009; Tilman et al., 2001). Agricul-
ture is a major driver of contemporary global environmental
change and of unprecedented rate of biodiversity loss (Amano et al.,
2011; Foley et al., 2005; Plieninger and Bieling, 2013; Tilman et al.,
2001; Wade et al., 2008). In recent years, broad-scale polarisation
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has been observed in agricultural landscapes, with increasing
intensification of already intensively managed land being accom-
panied by the abandonment of less productive, more extensively
managed land (Bignal and McCracken, 1996, 2000; Bratli et al.,
2006; Caraveli, 2000; Dietschi et al., 2007). Intensification of agri-
cultural practices has involved a marked increase in the use of
external inputs (e.g. agrochemicals) and resulted in a massive ho-
mogenization of agricultural landscapes and loss and fragmenta-
tion of natural and semi-natural habitats (Bratli et al., 2006; Halada
et al., 2011; Jongman, 2002). A similar decrease in habitat diversity
and simplification of landscape mosaics through spontaneous for-
est encroachment has also been described as a consequence of
abandonment of less productive or remote agricultural landscapes
(Lomba et al., 2012; Pedroli et al., 2007; Plieninger and Bieling,
2013; Plieninger et al., 2006). The impacts on biodiversity of such
changes to agricultural practices and related patterns of landscape
heterogeneity have been widely described, and the role of low-
intensity agriculture for agro-biodiversity conservation acknowl-
edged (Aavik and Liira, 2009; Albrecht et al., 2007; Altieri, 1999;
Amano et al., 2011; Bartel, 2009; Bignal and McCracken, 2000).

Agriculture is also the dominant land-use in Europe (EEA,
2006; Halada et al., 2011; Henle et al., 2008; Stoate et al., 2009)
and it has been estimated that 50% of all species in Europe depend
on agricultural habitats (Benton et al., 2003; EEA, 2009; Halada
et al., 2011; Kristensen, 2003; Stoate et al., 2009; Tscharntke
et al., 2005). Over past centuries, traditional agricultural systems
shaped European landscapes, enhancing environmental conditions
to the benefit of a wide range of wild species and habitat types,
many of which are of particular nature conservation concern, e.g.
listed as of conservation priority in the European Union (EU)
Species and Habitats Directives (EEA, 2004, 2009a; European
Commission, 2011; Halada et al., 2011; IEEP, 2007a; Plieninger
and Bieling, 2013). Such inherently biodiversity-rich farming sys-
tems, including livestock, arable, permanent crop or mixed
farming systems, usually rely on traditional low intensity practices
(Andersen et al., 2003; Beaufoy et al., 1994; EEA, 2004; Pedroli
et al., 2007; Van Doorn and Elbersen, 2012. Characterised by low
livestock grazing densities, the use of fallow between arable crops
and low inputs per unit of area of nutrients, agrochemicals and
irrigation in arable and permanent crop systems (Beaufoy et al.,
1994; Van Doorn and Elbersen, 2012), such farming systems are
referred to as ‘High Nature Value farmlands’ (hereafter HNVf),
since they contribute to maintain natural habitats and viable
populations of wild species of highest conservation value (Beaufoy
et al., 1994; Bignal and McCracken, 1996, 2000; Henle et al., 2008;
Plieninger and Bieling, 2013).

As recent losses for ecological value in many European rural
landscapes have been attributed to changing agricultural practices,
nature conservation and rural development priorities have pro-
gressively converged within EU agricultural and environmental
policies, thus contributing to an increased efficiency and progress
towards conservation goals and targets (Jongman, 2013). In
particular, there is a growing interest in maintaining traditional,
extensive practices and preserving (semi-)natural habitats and
other structural/functional features of rural landscapes (Bartel,
2009; Doxa et al., 2012; EEA, 2004, 2009a; EENRD, 2009; Stoate
et al., 2009). To achieve such policy challenge, improved knowl-
edge of ongoing changes in the extent, distribution and condition of
HNV farmlands is essential (EEA, 2012). Even if HNVf overlap, to a
large extent, with traditional agricultural landscapes, as they both
often rely on low input farming systems, a spatial and typological
quantification of such overlap still remains a challenge. Further, no
comprehensive data exists regarding European traditional land-
scapes and the currently available descriptions of farming systems
maintaining HNV farmlands lack the required detail or such detail

is only locally available (EEA, 2004, 2012; IEEP, 2007b; Paracchini
et al., 2008).

This manuscript provides an overview of the characteristics of
farmlands with high value for nature conservation across Europe,
together with an indication of their importance to the conservation
of biodiversity across the EU and the rationale for the development
of the HNVf concept. Current mainstream methodological ap-
proaches for the identification and mapping of HNVf across EU-27
and Switzerland are reviewed, the main limitations of these ap-
proaches highlighted and recommendations made as to how the
identification, mapping and reporting on HNVf extent, state and
trends across Europe can potentially be improved and harmonised
under these constraints.

2. Defining farmlands with high value for conservation

2.1. High Nature Value farmlands and support for biodiversity

The importance of low intensity farming for the conservation of
wildlife and biodiversity in general throughout Europe was
acknowledged early in the 1990s when the concept of ‘High Nature
Value farmlands’was devised (Andersen et al., 2003; Baldock et al.,
1993; Bartel, 2009; Beaufoy et al., 1994; Henle et al., 2008). HNV
farmlands comprise ‘areas in Europe where agriculture is a major
(usually the dominant) land use and where that agriculture supports,
or is associated with, either a high species and habitat diversity or the
presence of species of European conservation concern, or both’
(Andersen et al., 2003; Beaufoy et al., 1994; EEA, 2004; Pedroli et al.,
2007). HNV farmlands relate to low external input farming systems
under traditional practices which support European habitats and
species of high importance for nature conservation (Plieninger and
Bieling, 2013). Overall, HNVf concept relies on the assumption that
many of the European habitats and landscapes considered of high
nature conservation value depend on the continuation of specific
low-intensity farming systems (Doxa et al., 2012; Henle et al., 2008;
Peppiette, 2011), as theywere often found to be positively related to
high levels of biodiversity (Andersen et al., 2003; Beaufoy et al.,
1994; Bignal and McCracken, 1996; EEA, 2009; Pedroli et al.,
2007; Weissteiner et al., 2011). Even so, this concept does not
imply a causal relation between farming practices and the existence
of High Nature Value on farmlands (Andersen et al., 2003). In fact,
high species and/or habitat diversity may exist alongside, or
despite, current farming systems, although for most categories of
HNVf there would have been a positive link at least historically
(Andersen et al., 2003).

HNV farming areas still remaining in Europe are currently esti-
mated as ca. 30% of the European Utilised Agricultural Area (UAA;
EEA, 2004, 2009a; Van Doorn and Elbersen, 2012). The largest areas
of traditional agricultural landscapes are found in eastern and
southern Europe and contain habitat types such as semi-natural
grasslands, dehesas and montados (the terms used for open,
wooded pastures in Spain and Portugal, respectively), steppe
grasslands, permanent crops (such as fruit and nut orchards and
olive groves), and arable crops in dryland areas where naturally
regeneration through one to three year fallow is used to help
rebuild soil nutrients before the next non-irrigated crop is planted.
HNVf are also relatively abundant in mountainous regions across
Europe and contain upland grassland and heathland habitats in
association with pastures, hay meadows and small areas of crops
from which additional winter fodder for the livestock is produced
(Andersen et al., 2003; Beaufoy et al., 1994; Calvo-Iglesias et al.,
2009; EEA, 2004, 2012; IEEP, 2007b; Paracchini et al., 2008). Some
of the most critical nature conservation issues in Europe relate to
changes to traditional farming practices on these habitats. Many of
these habitats can only be maintained by farming practices, since
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natural sources of disturbance (e.g. grazing pressure from wild
herbivores) would nowadays not be enough to replace farming due
to long term human management of the landscape (Navarro and
Pereira, 2012; Pedroli et al., 2007; Plieninger and Bieling, 2013).
Taking the land out of agricultural production is often not the
appropriate choice for nature conservation, but rather it is vital to
ensure that the intensity of agricultural management is appropriate
(Bignal and McCracken, 1996, 2000; Prince et al., 2012). At a
regional scale, maintaining active farming of HNV areas is not
incompatible, but rather spatially and functionally complementary,
with passive management and rewilding of abandoned land, pro-
posed as a promising land management option for nature conser-
vation and ecosystem services in Europe (Navarro and Pereira,
2012).

HNV farmlands have as common denominators the low in-
tensity farming characteristics, the presence of semi-natural
vegetation and species of conservation interest, and the diversity
of land cover types (Andersen et al., 2003; Bartel, 2009; Beaufoy
et al., 1994; Plieninger and Bieling, 2013). HNV farmlands have
been described as ‘mosaics’ of natural and semi-natural agricultural
habitats e.g. unimproved grazing land and traditional hay
meadows, intermingled with other farmland features such as
mature trees, shrubs, scrub or linear habitats such as field margins
and hedges, significant for low intensity cropping, and the enclosed
field systems or Bocage landscapes that extend all along Atlantic
Europe (Bartel, 2009; Beaufoy et al., 1994; IEEP, 2007a). The het-
erogeneous character of HNVf landscapes provide awider variety of
habitats and resources which enable the coexistence of wildlife
alongside farming activities, thus enhancing agricultural biodiver-
sity (Amano et al., 2011; Bàrberi et al., 2010; Bartel, 2009; IEEP,
2007a). High levels of biodiversity in HNVf further support the
provision of ecosystem services beyond production of food, fibre

and fuel, thereby contributing, for example, to the recycling of
nutrients, the control of local microclimate, and the regulation of
local hydrological processes (Altieri, 1999; Amano et al., 2011;
Kleijn et al., 2009).

2.2. Typology of High Nature Value farmlands

HNVf biodiversity hotspots are usually associated with low-
intensity management practices are dominant (see Fig. 1). Such
landscapes exhibit high levels of heterogeneity of land cover and
the widespread presence of semi-natural vegetation such as
extensive grasslands (Beaufoy, 2008; Bignal and McCracken, 2000;
Peppiette, 2011; Weissteiner et al., 2011). Fig. 1 frames the back-
bone characteristics underlying HNVf concept, and the relevant
features applied to define the three broad types proposed after
Andersen et al. (2003), and later slightly modified (see e.g.
Oppermann et al., 2012; Paracchini et al., 2008, 2006; Pedroli et al.,
2007):

� Farmlands under low-intensity management with a high pro-
portion of associated semi-natural vegetation used as a forage or
fodder resource are labelled as type 1, which are by definition
dependent on extensive agriculture to persist (expressed as the
“Extensive Practices” and “Landscape Elements” indicators; see
Fig. 1). Considered the most widespread type, HNVf type 1
consists mainly of grazed semi-natural vegetation such as
grassland, scrub or woodland, or a combination of all different
types (Andersen et al., 2003; Beaufoy, 2008). The high propor-
tion of semi-natural vegetation underpins other levels of
biodiversity (such as butterflies and birds) of high conservation
concern and thus its high overall value (e.g. wood pastures in the
Baltic region);

Fig. 1. High Nature Value farmlands (HNVf) conceptual framework in relation to the intensity of farming systems, and features underlying the classification of the three broad types
as proposed by Andersen et al. (2003). HNVf1 correspond to extensively managed farmlands with high proportion of semi-natural vegetation (expressed as the extensive practices
and landscape elements indicators). HNVf2 are defined as farmlands where low intensive inputs are usually associated with mosaics of semi-natural and cultivated land, inter-
mingled with small scale landscape features (reflected as crop diversity indicators). HNVf3 farmlands support rare species or high proportions of European or world populations
even if coincident with more intensively farmed landscapes (indicator species). Farming systems that enhance or maintain high levels of farmland biodiversity are considered to be
HNVf and thus prone to conservation and strategic conservation and monitoring programmes, whereas other intensively managed farmlands are considered to be beyond the HNVf
threshold and thus considered as non HNVf. Indicators that express the extensive character of agricultural practices, diversity of crops and landscape elements support the typology
of HNVf types and thus are embedded in the figure in relation to the HNVf that they define. (HNVf1, High Nature Value farmlands type 1; HNVf2, High Nature Value farmlands type
2; HNVf3, High Nature Value farmlands type 3). Intersections between HNVf, and with non HNVf do not represent quantitative proportions, but rather they express functional
relationships between the targeted agricultural landscapes.
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� Farmlands dominated by low intensity management and mo-
saics of semi-natural and cultivated land and small-scale land-
scape features are labelled as type 2 and identified by the “Crop
Diversity” indicator (Fig. 1; Andersen et al., 2003; EEA, 2004;
Paracchini et al., 2008). Diversity of habitats at the landscape
level supports a range of species of high nature conservation
concern (e.g. in the pseudo-steppe landscapes associated with
dryland (non-irrigated) natural fallow-based cropping systems
in Spain, Portugal, southern Italy and Greece); and,

� Farmlands that provide habitat used by a large proportion of the
total European or global population for one or more rare species
(or species of conservation concern, IEEP, 2007b, Fig.1; “Indicator
Species”) are labelled as type 3. This designation was mainly
developed to refer to situations where otherwise intensively
managed farmland supports over-wintering or breeding of large
flocks of migratory birds such as geese or waders (e.g. Friesland
and Arkemheen polders in the Netherlands).

This categorisation of three broad types of HNVf expresses the
relationships between the farming systems and practices, and
habitats and species regarded as of high nature conservation value
(Fig. 1). The potential, however, for some degree of overlap between
these three types e.g. the coexistence of HNVf type 1 and 2 in the
same landscape, or the fact that type 3 can occur at a relatively
small-scale, in an otherwise intensively managed landscape
(Andersen et al., 2003; IEEP, 2007a), can make it difficult to identify
consistently the different elements of this typology in practice. The
limitations associated with the implementation these three rec-
ognised types of HNVf at a landscape, regional, national or Euro-
pean level are considered in more detail later in the manuscript.

3. Implementation of the High Nature Value farmlands
concept

3.1. A brief overview of the political context and framework

Agricultural expansion and intensification was noteworthy in
the post-WWII Europe (Stoate et al., 2009; Supplementary Material
1), and in such environment the ‘Green Revolution’ framework
established the backbone for the early stages of the EU Common
Agricultural Policy (CAP) (Ewert et al., 2005; Piorr, 2003; Pretty,
2008). Initially, the CAP aimed to increase productivity and pro-
vide more food at a lower cost for EU countries, while also
achieving a fair standard of living for farmers. This was achieved
through stabilisation of markets (through a single market with
common prices) and a more autonomous approach with less reli-
ance on imports and preference given to member states as well as
freemovement of goods (Ackrill et al., 2008; EEA, 2009; Piorr, 2003;
Stoate et al., 2001; Young et al., 2010, 2005).

However, prior to the introduction of the CAP, it was already
policy of many European countries to encourage the technological
development of agriculture in the drive for higher production. By
the 1980’s, the CAP and its market and structural support policies
were held responsible for increasing habitat degradation, over-
production of food products, intensification of farming practices,
and the concentration of production in larger, specialised farms
(Donald et al., 2002; EEA, 2007; EEA, 2009; EEA, 2007; Markovic
et al., 2012; Young et al., 2005), thus causing an accelerated loss
of agricultural biodiversity and the homogenisation of rural land-
scapes (Jongman, 2002). From the early 1980s on, the CAP experi-
enced a series of changes emphasising the control of surplus
production and to provide compensation for loss of income as a
result of adopting environmentally sensitive forms of farming. As
an example, the 1992 reform recognised the environmental role of
farming by increasing the availability of agri-environmental

schemes across the EU, which was further acknowledged with
the Agenda 2000 reform (1998) that introduced environmental
cross-compliance and the opportunity for farmers to obtain sup-
port for additional activities other than farming per se. Recently
(2003), changes removed the focus on production and increased
the focus on environmental concerns within the CAP (e.g. Calvo-
Iglesias et al., 2009; EEA, 2007).

Changes to the CAP over the past 30 years have done little to
increase financial support to farming systems that maintain HNVf.
Under the original conception of the CAP, the low-intensity nature
of these farming systems and the fact that their ability to produce
was constrained by the environmental conditions in which they
operate, meant that they did not receive large amounts of pro-
duction oriented support payments. Despite the increased focus on
the environment in the CAP in recent years, HNV farming systems
remain economically unviable not only because they are intrinsi-
cally unable to produce high yields to sell on the market, but also
because their historic level of production-oriented support pay-
ments have been low and in most cases unable to compensate for
this since the collective amount of agri-environmental payments
potentially available to them has been low. Combined with com-
mercial competition and technological change, current policies
create an operating environment in which HNV farming systems
face a choice between intensification (e.g. higher stocking rates,
switch to fast maturing commercial breeds) or abandonment of
farming altogether (Boccaccio et al., 2009; EEA, 2009).

3.2. High Nature Value farmland indicators in the assessment of the
EU rural development policy

In 2005, the European Commission acknowledged that EU
farmlands with High Nature Value were still under threat of
intensification and of abandonment. HNVf concept was, therefore,
adopted by the European Commission and all EU Member States
were urged to ensure that the Sustainable Land Management ele-
ments of their individual 2007e2013 Rural Development Pro-
grammes (RDPs) targeted the “. biodiversity and preservation of
High Nature Value farming and forestry systems, water and climate
change”. A suite of HNVf indicators were thus defined and included
in the Common Monitoring and Evaluation Framework (CMEF; EC,
2005), the main mechanism by which the European Commission
assesses the individual progress of Member States on the re-
quirements set out in their rural development policies on biodi-
versity (EC, 2005, 2006a, b; Van Doorn and Elbersen, 2012).

The CMEF includes ‘Baseline’, ‘Result’ and ‘Impact’ Indicators
designed to assess whether the HNV farmlands are being main-
tained (in terms of their extent and quality) throughout the period
that RDP’s are active (EC, 2005, 2006b). To this end, area under HNV
farming, the ‘Baseline Indicator’, is intended to be used as reference
against which the impact of RDP support to HNVf can be assessed.
The ‘Result Indicator’ measures the total amount of hectares under
successful land management, defined as the completion of land
management actions aimed at conservation of agro-biodiversity i.e.
contributing to biodiversity and High Nature Value farming and
avoidance of marginalisation and land abandonment (2007e2013
RDPs; Beaufoy, 2008). The ‘Impact Indicator’ aims to evaluate
changes in HNV farmlands in both their extent and condition, and
thus to assess what has really been achieved in terms of HNV
protection with the resources used.

Guidelines to support MS on the implementation of the HNVf
indicators were provided in the documents of the European Eval-
uation Network for Rural Development, which are complementary
to the CMEF handbook (EC, 2006b; Peppiette, 2011). Under these
guidelines, it was recognised that HNVf varied markedly across
Europe and that no single definition could be applied. EachMember
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State is therefore encouraged not only to decide on the most rele-
vant data sources and methodological approaches to report on the
predefined indicators, but also on whether these indicators can be
used to allocate RDP resources to farmlands with HNV (EC, 2006b;
Van Doorn and Elbersen, 2012).

Since the HNV Impact Indicator was designed to detect both
quantitative and qualitative changes in HNV farming and forestry of
Member States or regions, its operationalization relies on the
implementation of a system of data collection that is sufficiently
frequent, and topically and spatially precise, to capture such
changes over a short period of time i.e. the seven year period of the
Rural Development Programmes (EENRD, 2009; IEEP, 2007b). This
has, however, proved problematic in many instances, as is detailed
in the following section.

4. Improving the mapping of HNV farmlands in European
rural landscapes

4.1. Current approaches to map HNV farmlands

The relevance of HNVf in the broader context of the EU com-
mitments and efforts to efficiently halt biodiversity loss has been

acknowledged from both scientific and political viewpoints (Pedroli
et al., 2007). Even though few studies have focused on the
description of mapping approaches for HNV farmlands (e.g.
Andersen et al., 2003; Paracchini et al., 2006; Pointereau et al.,
2007), efforts have been invested in the organisation of several
workshops and seminars to debate current and novel approaches
that could contribute to improve HNVf identification and mapping
(e.g. Hoogeveen et al., 2002; Krautzer et al., 2011; Peppiette, 2011;
Plieninger and Bieling, 2013; Trisorio and Borlizzi, 2011). Table 1
presents an overview of the number publications describing
methodological approaches for HNVf identification andmapping in
EU27 and Switzerland, and results from a wide set of EU case-
studies. Due to the complexity and number of currently available
publications, the extended version of the table, which is comple-
mentary to Table 1, is presented as Supplementary Material 2.

The approaches developed include the identification, descrip-
tion and establishment of indicators and ranges/thresholds
expressing management practices that contribute or enhance HNV
farmlands, or that can be applied to assign farmlands as non HNV
areas (e.g. those supported by data related to farming systems; see
also Fig. 1). The geographic identification of the farmlands that
actually correspond to areas of HNVf has been highlighted as urgent

Table 1
Overview of the number of publications to-date focussed on High Nature Value farmlands (HNVf) identification and mapping since the concept was acknowledged by Beaufoy
et al. (1994). The Assessment unit/scale was determined, whenever possible, from information provided in each publication against the acknowledged hierarchical system for
the EU economic territory the EU e NUTS classification; http://epp.eurostat.ec.europa.eu/portal/page/portal/nuts_nomenclature/introduction. Data types refer to the primary
and/or ancillary datasets, including Land cover, Protected Areas/Habitats, Biophysical and climatic indicators, Farming characteristics and practices, and Species data, used to
HNVf identification and mapping. Methodological approaches summarize the method described in each publication, following those described formerly by Andersen et al.
(2003) and Paracchini et al. (2008). HNVf types summarize the number of publications in the cases where the identification and mapping of HNVf types, following the
broad types as defined by Andersen et al. (2003), was part of the aims. Bold numbers highlight the highest values determined from the considered publications for each field of
information presented.

Assessment
unit/scale

Data types Methodological
approaches

HNVf types References

Type 1 Type 2 Type 3

European 3 Land Cover (3) Land cover approach (0) 3 3 3 Andersen et al. (2003); Paracchini et al. (2008); EEA (2012)
Protected/Sensitive Areas (2) Farming system approach (0)
Biophysical environment (0) Species approach (0)
Farming Systems (1) Combined approach (3)
Species Data (3) Other approaches (0)

National 20 Land Cover (14) Land cover approach (0) 12 12 9 Beaufoy et al. (1994) which provides information on 7
national studies; Belényesi and Podmaniczky (2007);
Pointereau et al. (2007); Elbersen and Eupen (2008);
Danckaert et al. (2009); Pointereau et al. (2010); Olivero
et al. (2011); Stefanova and Kazakova (2012);
Poux and Ramain (2012); Oppermann et al. (2012);
Trisorio et al. (2012); Elbersen et al. (2012); Jones (2012)

Protected/Sensitive Areas (4) Farming system approach (1)
Biophysical environment (2) Species approach (1)
Farming Systems (12) Combined approach (5)
Species Data (7) Other approaches (13)

NUTS 1 11 Land Cover (9) Land cover approach (3) 8 7 4 Poetsch (2013); Bartel et al. (2011); Danckaert et al. (2012);
Riedel et al. (2012); Ková�r et al. (2012); Beaufoy et al. (1994);
Kurlavi�cius (2012); Aquilina and Ivanovic (2012);
Cierna-Plassmann (2012); Cunder (2012)

Protected/Sensitive Areas (4) Farming system approach (0)
Biophysical environment (1) Species approach (0)
Farming Systems (4) Combined approach (6)
Species Data (4) Other approaches (2)

NUTS 2 2 Land Cover (0) Land cover approach (0) 2 0 0 Sullivan et al. (2011); Galdenzi et al. (2012)
Protected/Sensitive Areas (1) Farming system approach (0)
Biophysical environment (1) Species approach (0)
Farming Systems (0) Combined approach (0)
Species Data (0) Other approaches (2)

NUTS 3 2 Land Cover (0) Land cover approach (0) 2 2 2 Samoy et al. (2008); Acebes et al. (2013)
Protected/Sensitive Areas (1) Farming system approach (0)
Biophysical environment (0) Species approach (0)
Farming Systems (2) Combined approach (1)
Species Data (1) Other approaches (1)

LAUs 5 Land Cover (4) Land cover approach (0) 5 5 0 Carvalho-Santos et al. (2010); Doxa et al. (2010); Almeida
and Pinto-Correia (2012); Almeida et al. (2013); Pinto-Correia
and Almeida (2013)

Protected/Sensitive Areas (0) Farming system approach (1)
Biophysical environment (0) Species approach (0)
Farming Systems (5) Combined approach (4)
Species Data (1) Other approaches (0)

Total 43 Land Cover (31) Land cover approach (3) 32 29 18
Protected/Sensitive Areas (12) Farming system approach (2)
Biophysical environment (4) Species approach (1)
Farming Systems (24) Combined approach (19)
Species Data (16) Other approaches (18)
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in the EU context and they are targeted for monitoring in the
context of RDP’s and other environmental policies (e.g. EC, 2006b;
EEA, 2004). In addition, the identification and selection of effective
spatially-explicit indicators that could be used as expressing land-
scape and/or crop heterogeneity in relationwith the acknowledged
biodiversity levels andmanagement practices has been encouraged
(e.g. Beaufoy, 2008; BioBio, 2012; EEA, 2012; EENRD, 2009;
European Commission, 2010, 2011; Wascher et al., 2010).

The Nature of Farming by Beaufoy et al. (1994), established an
essential benchmark for the identification and mapping of HNVf,
not only by compiling information regarding the main character-
istics of low intensity farming systems, and identifying potential
indicators, but also by presenting preliminary spatially-explicit
mapping exercises of such landscapes for selected countries
(HNVf assessment at the national level, Table 1; see also
Supplementary Material 2). In addition, Beaufoy et al. (1994)
acknowledged land cover types as proxy indicators of farming
systems intensity. As a follow-up, the first European assessment of
farmlands with High Nature Valuewas presented by Andersen et al.
(2003) in a report for the European Environmental Agency coun-
tries (HNVf assessment at the European level, Table 1; see also
Supplementary Material 2). This had the aim of establishing in-
dicators for HNV farming, evaluating its potential spatial distribu-
tion in Europe and assessing the potential implications for the CAP
and for EU’s environmental policies (Andersen et al., 2003;
Paracchini et al., 2008; Peppiette, 2011).

Due to the inherent distinct characteristics of HNVf types,
Andersen et al. (2003) further advocated the need to implement
different methodological approaches to address the mapping of
HNVf types 1, 2 and 3. The framework proposed by Andersen et al.
(2003) to assess and estimate the distribution of HNVf in Europe
relied on the selection of land cover information (classes of CORINE
Land Cover with a close relationship to semi-natural vegetation)
and farming system data (derived from the Farm Accountancy Data
Network, FADN) to provide a spatially-explicit representation of
HNVf types 1 and 2 (Paracchini et al., 2008). The resulting map was
then refined using data on indicator bird species (expressing HNVf
type 3). This approach allowed a first European perspective of the
distribution of HNVf to be obtained. It also established a common
framework for the analysis and interpretation of HNVf coverage
over Europe. Three methodological approaches were proposed: i)
the land cover approach, based on land cover data and built on the
assumption that some land cover types and features can be used as
proxy indicators of HNVf (e.g. Corine LCCs that express potential
low-intensity agricultural areas, applicable to HNVf types 1 and 2;
Andersen et al., 2003); ii) the farming system approach, based on
data reflecting farming practices (e.g. from FADN) and built on the
assumption that such data can assist the identification of those
systems that promote the maintenance or enhancement of nature
value, applicable to HNVf 1 and 2; and, iii) the species approach,
based on indicator species data and built on the assumption that it
is the presence of such species that defines the High Nature Value
(Andersen et al., 2003; Beaufoy, 2008).

Such approaches have, since then been applied and described
spanning all relevant spatial scales and decision levels (Table 1; see
also Supplementary Material 2 for more detailed information).
Some have been used at the European scale (EEA, 2012; Paracchini
et al., 2008), but most have been attempted at the national
(Belényesi and Podmaniczky, 2007; Pointereau et al., 2007; Trisorio
et al., 2010; Van Doorn and Elbersen, 2012), regional (NUTS 2;
Galdenzi et al., 2012; Sullivan et al., 2011) or local scales (e.g. Local
Administrative Units, LAUs; e.g. Carvalho-Santos et al., 2010; Doxa
et al., 2010). In addition to these diverse methodological frame-
works, a set of ancillary approaches, often based on multi-scalar
information, have also been used to produce more robust and

realistic HNVf identification and mapping (Table 1; see also
Supplementary Material 2).

Such exercises include themapping of the distinct types of HNVf
that can then be used to evaluate and monitor farmlands of high
conservation value at the landscape level (e.g. see number of
publications targeting the three types of HNVf, Table 1; see also
Supplementary Material 2). In addition, data drawn from statistical
or biological surveys, details of the biophysical environment, and
the occurrence of protected/sensitive areas has also been used in
some of the most relevant ancillary approaches. The occurrence of
protected/sensitive areas has been the most frequently applied for
HNVf mapping (Table 1; see also Supplementary Material 2).

Recently, a novel spatial modelling approach was proposed by
Paracchini et al. (2008) to identify European HNVf. This approach
was built on a multi-criteria analysis of land cover classes (from
CORINE land cover classes; Paracchini et al., 2006), selected ac-
cording to an environmental gradient, and overlaid with relevant
areas for nature conservation. This produced a spatially-explicit
representation of potential European HNV farmlands based on a
1 km2 grid.

Nevertheless, most recently proposed European-scale ap-
proaches seem to lack the spatial and temporal resolution which is
necessary when looking at national and regional (e.g. NUTS 2)
scales. Hence, although common frameworks to identify, map and
monitor have been developed and described (e.g. Andersen et al.,
2003; EC, 2006b; Paracchini et al., 2008), the recent approaches
implemented at national and/or regional scales are utilising awider
set of new, more specific datasets such as national surveys (e.g.
biodiversity and farm systems; Samoy et al., 2008), biophysical
properties based on soil datasets and topographic maps (Aquilina
and Ivanovic, 2012), and national systems of protected areas/hab-
itats (Belényesi and Podmaniczky, 2007).

4.2. Caveats associated with identification, mapping and
monitoring

Some of the most relevant caveats associated with the identi-
fication andmapping of HNVf across the European landscapes arise
from the inherent characteristics of the concept, as defined first by
Beaufoy et al. (1994) and more recently by Andersen et al. (2003),
Parachnini et al. (2008, 2006) and also EENRD (2009); IEEP (2010).

HNV farmlands are, by definition, landscapes where low in-
tensity agriculture is dominant, and are characterized either by
high cover of semi-natural vegetation/habitats (HNVf type 1), high
density of small scale landscape elements (HNVf type 2), or those
landscapes, often more intensively managed, that support species
with high conservation interest (HNVf type 3). As a result, one of
the as yet unanswered questions is how to implement and oper-
ationalize a low-intensity farming based concept that can also
accommodate the more intensively managed farmlands supporting
species of conservation interest (HNVf type 3)? A further question
concerns how to balance the need to identify HNVf type 3 farm-
lands with the need to establish a threshold for farming practices
intensity above which farmlands are then considered as non HNV?

Even if the three broad classes of HNVf are intended to be a
continuum and not precise categories with sharp boundaries, they
nevertheless seem to hamper a more accurate, straightforward and
coherent implementation of the concept. The establishment of a
commonly agreed and acceptable threshold expressing the in-
tensity of the underlying farming practices (see Fig. 1) is, therefore,
a pressing need if agricultural landscapes with High Nature Value
are to be defined accurately (Andersen et al., 2003; Beaufoy, 2008;
EEA, 2012; IEEP, 2007a).

The three broad HNVf classes (and thus the concept itself) rely,
to some extent, on land cover and farming systems data as the two
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main sources of information. Such data are clearly related to the
main methodological approaches that have been applied (see
Section 4.1). Whilst land cover and farming systems approaches
have been broadly applied (e.g. Oppermann et al., 2012; Peppiette,
2011), they have also caused difficulties with HNVf implementa-
tion, particularly given the lack of adequate spatial (and temporal)
coverage for some MS (e.g. Beaufoy, 2008; EEA, 2012; Paracchini
et al., 2008; Peppiette, 2011). In addition, the lack of accurate and
robust data on the distribution of farming systems has been re-
ported for many MS, and even when such data are available they
often lack a spatial component or are under strict privacy protec-
tion and therefore inaccessible (e.g. Beaufoy, 2008; EENRD, 2009;
IEEP, 2010; but also see Krautzer et al., 2011; Paracchini et al.,
2008; for exceptions). The lack of consistency in relation to the
spatial and temporal resolution of farming system data held at EU
member state level is also an important consideration (e.g.
Paracchini et al., 2008), since this puts constraints on identifying
and discriminating HNVf landscapes using a common framework at
the European level. Similar limitations have also been acknowl-
edged for data on land cover (e.g. EEA, 2012; IEEP, 2010; Paracchini
et al., 2008). One of the most relevant limitations of land cover
maps is their coarse spatial and thematic resolution, since that
limits the ability to establish direct and accurate correspondences
between land cover types and natural and semi-natural habitats
(e.g. the inability to make a clear distinction between semi-natural
and more intensively managed grasslands; Beaufoy, 2008;
Peppiette, 2011), that could otherwise provide a good preliminary
approximation for identification and mapping of HNVf types 1 and
2. Also, as land cover maps do not take into account, explicitly, the
intensity of land management, it is not possible to discriminate
between different farming intensities and therefore between HNV
and non HNV areas (EEA, 2012; Weissteiner et al., 2011).

Limitations on the spatial accuracy in existing datasets have
been widely debated in the context of the EU mapping of HNV
farmlands based on Corine Land Cover (Andersen et al., 2003;
Paracchini et al., 2006; EEA, 2012), and also with regard to HNVf
mapping at other scales (e.g. Beaufoy, 2008). Low spatial resolu-
tion often result in insufficient mapping detail regarding land-
scape elements e.g. scattered trees, hedgerows (see Section 2.2. for
more details), since these usually fall far below the minimum size
for mapping units (e.g. 25 ha in the case of the Corine land Cover;
Beaufoy, 2008; EEA, 2012; Paracchini et al., 2008, 2006). In addi-
tion, higher spatial resolution on land cover data has been
assumed to be useful tool to improve landscape analysis and the
determination of factors such as edge density and mean patch size,
which can be important in the identification and mapping of HNVf
type 2 (Peppiette, 2011; see also Section 2.2). A major lack of
adequate temporal resolution has also been observed for land
cover and farming system datasets. Given that the frequency of
acquisition/update of most of the relevant datasets is not
adequate, this puts constraints on the ability to monitor trends in
HNVf and thus to report on the HNVf result and impact indicators
(see also section 3.2). This therefore compromises the evaluation
and monitoring of the Member States RDPs and ultimately the EU
efforts for conservation of agricultural landscapes (e.g. see
Peppiette, 2011).

Similar issues also apply to the use of ancillary data of a
spatially-explicit nature. In fact, data concerning vegetation cover
(Acebes et al., 2013; Galdenzi et al., 2012) and International Bird
Areas (Belényesi and Podmaniczky, 2007) have been applied at
local scales, however the limitations for use of such data type at a
European scale have already been described and acknowledged.
Further, the available information frequently lacks a direct
spatially-explicit component, which is an essential element for
HNVf mapping (e.g. EEA, 2012; Peppiette, 2011).

Caveats have also been reported for data on indicator species
distributions (e.g. birds, butterflies; see section 2.2) at an EU level
when seeking to use these for the identification of farmlands
assignable to HNVf type 3 (Bartel, 2009; Boccaccio et al., 2009;
Paracchini et al., 2008). Even so, the use of plant indicator species
appears to constitute an even more complex challenge, since there
is no consensus in relation to which plants species should be used
to identify such landscapes, and those that have been used are
mostly derived from national/regional expert judgement (e.g.
Beaufoy, 2008; Paracchini et al., 2008). As indicator species are
often rare, their current distribution is usually restricted (expressed
as a low number of populations) and/or is poorly known, thereby
limiting their application in HNVf type 3 mapping. Conversely, in
the case of more broadly distributed, one of the remaining chal-
lenges is which criteria (e.g. minimum thresholds for proportion of
global or European populations) should be defined to ascribe a
given landscape as HNVf type 3. Hence, the limitations of datasets
on farmland-related biodiversity are largely associated with the
fact that such data vary markedly in their spatial and temporal
resolution, geographic extent and level of detail recorded (e.g.
Beaufoy, 2008; Peppiette, 2011).

Overall, the data-related challenges highlighted above are, at
least to some extent, surpassed by the lack of any common EU
guidelines indicating the methodological approach to be followed
by Member States when reporting on the indicators established
within the CMEF (EC, 2006b). Each country does have to report on
baseline, result and impact indicators (see Section 3.2; EC, 2006b;
EENRD, 2009) and express these in hectarage terms. However,
although guidelines are available on the potential broad ap-
proaches to take (Beaufoy, 2008), there are no guidelines provided,
for example, on the minimum data standards that should be
employed or the way that regional and national information on
HNVf should be structured at Member State level. The resulting
diversity of HNVf datasets (e.g. the different methodologies
employed; the different scales and resolutions at which HNVf is
identified) across the EU means that integrating data drawn from
Member States to obtain a combined EU perspective is at present
difficult, if not impossible. This is at odds with the expectation that
the information collected by Member States would be based on a
Common Monitoring and Evaluation Framework in order to
allow the condition of HNVf across the EU to be compared and
contrasted.

4.3. New perspectives for successful and cost-efficient HNVf
mapping

Reporting on HNVf extent and dynamics is mandatory for all
Member States in the context of the assessment of their RDP’s
(Sections 3.1 and 3.2). The lack of specific rules or quantified criteria
established at EU level for identifying HNVf does, however, mean
that while some Member States have already made good progress,
it is clear that others have done very little (Beaufoy, 2008;
Peppiette, 2011; Van Doorn and Elbersen, 2012). As has already
been highlighted, this compromises the ability to produce an ac-
curate and more realistic spatially-explicit assessment of the state
and trends of HNVf across Europe.

A major challenge is therefore to develop an effective common
monitoring framework, integrating both data quality standards and
methodological guidelines that could provide not only a means to
overcome the major issues highlighted above, but also a cost-
effective way to map HNVf at any scale. We propose a novel bot-
tom-up approach to address this challenge (outlined in Fig. 2).

This proposed framework is built on the need for strategic HNVf
monitoring based on a hierarchical, bottom-up structure of assess-
ment units, coincident with the EU levels of political decision and
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devised indicators (Fig. 2A), to be linked strongly to a collaborative
European network providing the integration and exchange of data
from different sources and scales under common standards
(Fig. 2B). This approach is based on the progressive simplification
and aggregation of the monitoring objectives and expected outputs
as one moves to larger spatial scales, with the ultimate aim of
obtaining a cohesive, European wide, representation of HNVf that
can contribute effectively to policy implementation and decision
making.

This hierarchical approach starts at the local surveillance level
(LAU), where local authorities, in collaboration with farmer asso-
ciations, NGOs and other organized groups, can contribute (ac-
cording to their own background and objectives) to a regional
integrated database that aggregates all contributions under a
common surveillance framework (Fig. 2). These regional structures
therefore ensure the implementation, coordination and oper-
ationalization of all surveillance efforts in order to be able to report
the data at the national level. In order for this framework to be
feasible, it is critical to implement and enforce a set of guidelines
and standards that not only allow the production of a consistent
report on HNVf indicators throughout Europe, but also ensuremore
efficient communication about HNVf within and among MS.

Such standards and guidelines should therefore address the
need for: i) clarification of HNVf related concepts, not only with
regard to clearer definitions of HNVf types but also the connections
between them, and potential limitations for surveillance and
monitoring; ii) a description of common guidelines for surveil-
lance methods and protocols, specifically in relation to the need
for spatially-explicit, more informative and accepted indicators; iii)
an effective communication and reporting structure within the
system, namely the necessity for a clear and transparent reporting

chain (from local to European), so that the assessment of common
aims and needs can progress easily through the different hierar-
chical levels; iv) data integration and interoperability, not only
within the proposed HNVf framework but also with regard to other
relevant databases related to specific areas that overlap the HNVf
concept (e.g. biodiversity, remote sensing data, farm structure),
highlighting the importance of following the existing guidelines for
spatial data interoperability derived from the INSPIRE Directive
(EEA, 2007); and, v) data exchange and property rights not only
within the framework but also as an EU wide communication
strategy both at technical and scientific levels. The combination of
these five conditions are essential to ensure a common structure
from which different institutions and stakeholders can obtain and
contribute with valuable information to better monitor and pre-
serve HNVf.

Although designed to comply with the requirements for
reporting on HNVf, this novel framework should also be integrated
as a functional componentwithin other collaborative networks that
combine past, ongoing and future environmental monitoring pro-
grammes. Such integration could allow access to a growing
assemblage of tools, methods and available datasets, thus
improving the capability for HNVf identification and monitoring at
several spatial scales. Candidate programmes range from the Global
to the European scales. For example, the Global scale could include
integration with the Group on Earth Observation Biodiversity
Observation Network (GEO BON; www.earthobservations.org;
Battrick, 2005; Metzger et al., 2010) and the Global Monitoring for
Environment and Security (GMES; http://copernicus.eu/). Exam-
ples of relevant European scale initiatives include e.g. the European
Biodiversity Observation Network (EBONE; Halada, 2009); the
EuMon platform for steering monitoring efforts in Europe (http://

Fig. 2. Novel bottom-up approach to assess the extent and future trends for High Nature Value farmlands (HNVf). The proposed hierarchical outline relies on a multi-scale, strategic
HNVf monitoring of common indicators (A), as defined by the Common Evaluation and Monitoring Framework (CMEF) in the context of the Rural Development Programmes, and on
a collaborative network for an effective integration, exchange and interoperability of available datasets (B). Built on hierarchical units of assessment, ranging from local scales (e.g.
LAU’s, where surveillance campaigns are expected to be implemented), to regional (e.g. NUTS 2; where EU policies are implemented), national (e.g. NUTS 1, assessment unit
coincident with EU reporting obligations), and European scales of implementation and reporting. Such assessment units are, to some extent, partially coincident with the common
indicators (NUTS 1 and 2, depending on the MS), and more refined levels have been included to accommodate data from other potential indicators, usable to retrieve more detailed
mapping on HNVf. Data integration, exchange and interoperability would also follow a similar bottom-up feeding structure, such that, data regarding more refined indicators
(potential indicators) from multiple local projects and initiatives would be integrated within regional data infrastructures (coincident with the regional assessment unit), which in
turn would provide such information to the national contact points, that would aggregate the information into the common indicators, and thus report to the European datacenter.
LAU’s refer to Local Administrative Units; NUTS 2, to basic regions for the application of regional policies, and, NUTS 1 to the major socio-economic regions, as defined by Eurostat
(http://epp.eurostat.ec.europa.eu/). Numbers presented in brackets correspond to the specific indicator designation as described under the CMEF.

A. Lomba et al. / Journal of Environmental Management 143 (2014) 140e150 147



Author's personal copy

eumon.ckff.si/); and FP7 projects such BIO_SOS and MS MONINA
(Jongman, 2013).

For example, the habitat mapping based on high resolution
remote sense imagery from the BIOSOS framework (Jongman,
2013), could not only enhance the mapping of HNVf but also sup-
port the spatial discrimination of broad HNVf types and even be
used for regular monitoring of trends in the extent and quality of
HNVf. Additional enhancement could be achieved by integrating
indicators derived from other sources (often restricted due to data
sensitivity reasons), such the Farm Accountancy Data Network
(FADN, http://ec.europa.eu/agriculture/rica/), the Land-parcel
Identification System for implementing the CAP (LPIS; http://ies.
jrc.ec.europa.eu/), the Land Use/Cover Area frame Statistical Sur-
vey (LUCAS; http://epp.eurostat.ec.europa.eu/), the EU Agri-
Environment Indicators (http://epp.eurostat.ec.europa.eu), or in-
dicators for biodiversity in low-input farming systems derived from
EU-funded research such as the BioBio project (Herzog et al., 2012;
Jongman et al., 2012).

5. Summary and Conclusions

Assessment of the extent, condition and dynamics of HNV
farmlands in EU Member States is mandatory under the Common
Monitoring and Evaluation Framework. Guidance on the potential
approaches to take is available, but the lack of specific rules and
quantified criteria for identifying HNVf does mean that Member
States have difficulties to develop a common level of assessment.
This compromises the ability to produce an accurate and realistic
spatially-explicit information on HNVf across Europe.

A hierarchical, bottom-up, approach to the collaborative moni-
toring of HNVf is proposed as a novel way to identify, map and
report on HNV farmlands at the European level. This framework is
built on the need for strategic HNVf monitoring based on a hier-
archical approach, coincident with the EU levels of political deci-
sion and targeted at a limited set of standard indicators. The
implementation of this framework requires a collaborative Euro-
pean network that can harmonise and exchange data from different
sources and scales under common standards. The development of
such an approach is essential if the range of threats facing HNVf
landscapes are to be identified and monitored properly at the Eu-
ropean level. This will allow decision making on relevant agri-
environment measures to be developed and implemented at the
scale required to maintain the habitats and species of high nature
conservation value that are intimately associated with those
landscapes.

Acknowledgements

A. Lomba is supported by the Portuguese Science and Technol-
ogy Foundation (FCT) through Post-Doctoral Grant SFRH/BPD/
80747/2011. D. McCracken’s input to this manuscript was partially
funded by the Scottish Government Rural Affairs & Environment
Portfolio Strategic Research Programme 2011e2016, Theme 3: Land
Use. The authors would like to thank Anne Van Doorn and Berien
Elbersen for the discussions on early stages of this research.

Appendix A. Supplementary data

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.jenvman.2014.04.029.

References

Aavik, T., Liira, J., 2009. Agrotolerant and high nature-value speciesdplant biodi-
versity indicator groups in agroecosystems. Ecol. Indic. 9, 892e901.

Acebes, P., Pereira, D., Oñate, J.J., 2013. Criteria for Identifying HNVF: Experience
from a WWF Pilot Project with Special Reference to Dehesas, ICAAM Interna-
tional Conference, Montados and Dehesas as High Nature Value Farming Sys-
tems: Implications for Classification and Policy Support. Campus da Mitra,
Universidade de Évora, Évora.

Ackrill, R., Kay, A., Morgan, W., 2008. The common agricultural policy and its re-
form: the problem of reconciling budget and trade concerns. Can. J. Agric.
Econom./Revue Can. d’agroeconomie 56, 393e411.

Albrecht, M., Duelli, P., Müller, C., Kleijn, D., Schmid, B., 2007. The Swiss agri-
environment scheme enhances pollinator diversity and plant reproductive
success in nearby intensively managed farmland. J. Appl. Ecol. 44, 813e822.

Almeida, M., Pinto-Correia, T., 2012. Exploring the use of landscape as the basis for
the identification of High Nature Value farmland:a case-study in the Portuguese
Montado. In: Proceedings of the 10th European IFSA Symposium on Producing
and Reproducing Farming Systems: New Modes of Organisation for Sustainable
Food Systems of Tomorrow. Aarhus, Denmark, pp. 7.

Almeida, M., Guerra, C., Pinto-Correia, T., 2013. Unfolding relations between land
cover and farm management: High Nature Value assessment in complex silvo-
pastoral systems. Geografisk Tidsskrift-Danish J. Geogr. 113, 97e108.

Altieri, M.A., 1999. The ecological role of biodiversity in agroecosystems. Agric.
Ecosyst. Environ. 74, 19e31.

Amano, T., Kusumoto, Y., Okamura, H., Baba, Y.G., Hamasaki, K., Tanaka, K.,
Yamamoto, S., 2011. A macro-scale perspective on within-farm management:
how climate and topography alter the effect of farming practices. Ecol. Lett. 14,
1263e1272.

Andersen, E., Baldock, D., Bennett, H., Beaufoy, G., Bignal, E., Bouwer, F., Elbersen, B.,
Eiden, G., Giodeschalk, F., Jones, G., McCracken, D., Nieuwenhuizen, W.,
Eupen, M.v., Hennekes, S., Zervas, G., 2003. Developing a High Nature Value
Farming Area Indicator: Final Report, pp. 75.

Aquilina, D., Ivanovic, Z., 2012. Malta. In: Oppermann, R., Beaufoy, G., Jones, G.
(Eds.), High Nature Farming in Europe, 35 European Countries - Experiences
and Perspectives. Verlag Regionalkultur, Basel, p. 544.

Baldock, D., Beaufoy, G., Bennett, G., Clark, J., 1993. Nature Conservation and New
Directions in the Common Agricultural Policy. Institute for European Environ-
mental Policy, London.

Balmford, A., Green, R.E., Scharlemann, J.P.W., 2005. Sparing land for nature:
exploring the potential impact of changes in agricultural yield on the area
needed for crop production. Glob. Change Biol. 11, 1594e1605.

Bàrberi, P., Burgio, G., Dinelli, G., Moonen, A.C., Otto, S., Vazzana, C., Zanin, G., 2010.
Functional biodiversity in the agricultural landscape: relationships between
weeds and arthropod fauna. Weed Res. 50, 388e401.

Bartel, A., Sü

̈

ßenbacher, E., Sedy, K., 2011. “High Nature Value Farmland” für
Österreich - Weiterentwicklung des Indikators. Umwelt Bundesamt, Wien, 92pp.
http://www.umweltbundesamt.at/fileadmin/site/publikationen/REP0348.pdf.

Bartel, A., 2009. High Nature Value Farmland as an European evaluation indicator e
definition, function and status quo. In: International Workshop of the SALVERE-
Project. Agricultural Research and Education Centre, Raumberg-Gumpenstein,
pp. 15e18.

Battrick (Ed.), 2005. Global Earth Observation System of Systems GEOSS. 10-Year
Implementation Plan Reference Document. Group on Earth Observations. ESA
Publication Division, ESTEC, Noordwijk, The Netherlands, 209 pp.

Beaufoy, G., 2008. HNV Farming e Explaining the Concept and Interpreting EU and
National Policy Commitments. European Forum on Nature Conservation and
Pastoralism, pp. 15.

Beaufoy, G., Baldock, D., Clarke, J., 1994. The Nature of Farming e Low Intensity
Farming Systems in Nine European Countries. IEEP, London, pp. 68.

Belényesi, M.B., Podmaniczky, L., 2007. Delineation of High Nature Value areas in
Hungary. Hung. J. Landsc. Ecol. 5, 347e362.

Benton, T.G., Vickery, J.A., Wilson, J.D., 2003. Farmland biodiversity: is habitat het-
erogeneity the key? Trends Ecol. Evol. 18, 182e188.

Bignal, E.M., McCracken, D.I., 1996. Low-intensity farming systems in the conser-
vation of the countryside. J. Appl. Ecol. 33, 413e424.

Bignal, E.M., McCracken, D.I., 2000. The nature conservation value of European
traditional farming systems. Environ. Rev. 8, 149e171.

BioBio, 2012. Biodiversity indicators for organic and low-input farming systems
(KBBE 227661). In: Herzog, Felix, Balázs, Katalin, Dennis, Peter,
Geijzendorffer, Ilse, Friedel, Jürgen K., Jeanneret, Philippe, Kainz, Max,
Pointereau, P. (Eds.), ResearchStationAgroscopeReckenholz-TänikonART, pp. 20.

Boccaccio, L., Brunner, A., Powell, A., 2009. Could do Better? How is EU Rural
Development Policy Delivering for Biodiversity? BirdLife International, 50 pp.

Bratli, H., Økland, T., Økland, R.H., Dramstad, W.E., Elven, R., Engan, G., Fjellstad, W.,
Heegaard, E., Pedersen, O., Solstad, H., 2006. Patterns of variation in vascular
plant species richness and composition in SE Norwegian agricultural land-
scapes. Agric. Ecosyst. Environ. 114, 270e286.

Calvo-Iglesias, M.S., Fra-Paleo, U., Diaz-Varela, R.A., 2009. Changes in farming sys-
tem and population as drivers of land cover and landscape dynamics: the case
of enclosed and semi-openfield systems in Northern Galicia (Spain). Landsc.
Urban Plan. 90, 168e177.

Caraveli, H., 2000. A comparative analysis on intensification and extensification in
Mediterranean agriculture: dilemmas for LFAs policy. J. Rural Stud. 16, 231e242.

Carvalho-Santos, C., Jongman, R., Alonso, J., Honrado, J., 2010. Fine-scale mapping of
High Nature Value farmlands: novel approaches to improve the management of
rural biodiversity and ecosystem services. In: João Carlos Azevedo, M.F.,
Castro, José, Pinto, Maria Alice (Eds.), Proceedings of the IUFRO Landscape
Ecology Working Group International Conference. Instituto Politécnico de

A. Lomba et al. / Journal of Environmental Management 143 (2014) 140e150148



Author's personal copy

Bragança Apartado 1038, 5301-854 Bragança, Portugal, Bragança, Portugal,
pp. 182e187.

Cierna-Plassmann, M., 2012. Netherlands. In: Oppermann, R., Beaufoy, G., Jones, G.
(Eds.), High Nature Farming in Europe, 35 European countries - experiences and
perspectives. Verlag Regionalkultur, Basel, p. 544pp.

Cunder, T., 2012. Slovenia. In: Oppermann, R., Beaufoy, G., Jones, G. (Eds.), High
Nature Farming in Europe, 35 European Countries e Experiences and Per-
spectives. Verlag Regionalkultur, Basel, p. 544.

Danckaert, S., de Rijck, K., Mulders, C., Peeters, A., 2012. Belgium. In: Oppermann, R.,
Beaufoy, G., Jones, G. (Eds.), High Nature Farming in Europe, 35 European
Countries e Experiences and Perspectives. Verlag Regionalkultur, Basel, p. 544.

Dietschi, S., Holderegger, R., Schmidt, S.G., Linder, P., 2007. Agri-environment
incentive payments and plant species richness under different management
intensities in mountain meadows of Switzerland. Acta Oecolog. 31, 216e222.

Donald, P.F., Evans, A.D., 2006. Habitat connectivity and matrix restoration: the
wider implications of agri-environment schemes. J. Appl. Ecol. 43, 209e218.

Donald, P.F., Pisano, G., Rayment, M.D., Pain, D.J., 2002. The Common Agricultural
Policy, EU enlargement and the conservation of Europe’s farmland birds. Agric.
Ecosyst. Environ. 89, 167e182.

Doxa, A., Bas, Y., Paracchini, M.L., Pointereau, P., Terres, J.-M., Jiguet, F., 2010. Low-
intensity agriculture increases farmland bird abundances in France. J. Appl. Ecol.
47, 1348e1356.

Doxa, A., Paracchini, M.L., Pointereau, P., Devictor, V., Jiguet, F., 2012. Preventing
biotic homogenization of farmland bird communities: the role of High Nature
Value farmland. Agric. Ecosyst. Environ. 148, 83e88.

Dudley, N., Baldock, D., Nasi, R., Stolton, S., 2005. Measuring biodiversity and sus-
tainable management in forests and agricultural landscapes. Phil. Trans. R. Soc.
B: Biolog. Sci. 360, 457e470.

EC, 2005. Council Regulation of 20 September 2005 on Support for Rural Devel-
opment by the European Agricultural Fund for Rural Development (EAFRD). EC
N� 1698/2005.

EC, 2006a. Council Decision of 20 February 2006 on Community Strategic Guide-
lines for Rural Development (Programming Period 2007e2013). EC 144/2006.

EC, 2006b. Rural Development 2007e2013 Handbook on Common Monitoring and
Evaluation Framework; Guidance document. Brussels: DG for Agriculture and
Rural Development.

EEA, 2004. High Nature Value Farmland e Characteristics, Trends and Policy
Challenges. EEA, European Environment Agency, Copenhagen, pp. 32.

EEA, 2006. Land Accounts for Europe 1990e2000. Towards Integrated Land and
Ecosystem Accounting. EEA, European Environment Agency, Copenhagen,
pp. 112.

EEA, 2007. Europe’s Environment: The Fourth Assessment: Executive Summary.
EEA, European Environment Agency, Copenhagen, pp. 453.

EEA, 2009. Distribution and Targeting of the CAP Budget from a Biodiversity
Perspective. EEA, European Environment Agency, Copenhagen, pp. 90.

EEA, 2012. Updated High Nature Value Farmland in Europe: an Estimate of the
Distribution Patterns on the Basis of CORINE Land Cover 2006 and Biodiversity
Data. The draft EEA Technical Report on a basis of the ETC SIA IP 2011 Task 421
implementation, pp. 62.

EENRD, 2009. Guidance Document e the Application of the High Nature Value
Impact Indicator Programming Period 2007e2013. In: European Evaluation
Network for Rural Development. European Communities, Brussels, p. 45.

Elbersen, B.S., Eupen, M., 2008. Landbouwgrond met hoge natuurwaarden in
Nederland op de kaart. Alterra rapport 1542. pp. 127.

Elbersen, B., van Doorn, A., van Eupen, M., 2012. Netherlands. In: Oppermann, R.,
Beaufoy, G., Jones, G. (Eds.), High Nature Farming in Europe, 35 European
Countries e Experiences and Perspectives. Verlag Regionalkultur, Basel, pp. 544.

European Commission, 2010. Communication from the Commission to the Euro-
pean Parliament, the Council, the European Economic and Social Committee
and the Committee of the Regions e Options for an EU Vision and Target for
Biodiversity Beyond 2010. European Commission. COM(2010) 4 final, Brussels,
pp. 11.

European Commission, 2011. Rural Development in the European Union e Statis-
tical and Economic Information e Report 2011. Directorate-General for Agri-
culture and Rural Development.

Evenson, R.E., Gollin, D., 2003. Assessing the impact of the Green Revolution, 1960
to 2000. Science 300, 758e762.

Ewert, F., Rounsevell, M.D.A., Reginster, I., Metzger, M.J., Leemans, R., 2005. Future
scenarios of European agricultural land use: I. Estimating changes in crop
productivity. Agric. Ecosyst. Environ. 107, 101e116.

FAO, 2011. Save and Grow: a Policymaker’s Guide to Sustainable Intensification of
Smallholder Crop Production. Food and Agriculture Organization of the United
Nations, Rome, pp. 106.

Firbank, L.G., 2005. Striking a new balance between agricultural production and
biodiversity. Ann. Appl. Biol. 146, 163e175.

Foley, J.A., DeFries, R., Asner, G.P., Barford, C., Bonan, G., Carpenter, S.R., Chapin, F.S.,
Coe, M.T., Daily, G.C., Gibbs, H.K., Helkowski, J.H., Holloway, T., Howard, E.A.,
Kucharik, C.J., Monfreda, C., Patz, J.A., Prentice, I.C., Ramankutty, N., Snyder, P.K.,
2005. Global consequences of land Use. Science 309, 570e574.

Galdenzi, D., Pesaresi, S., Casavecchia, S., Zivkovic, L., Biondi, E., 2012. The phyto-
sociological and syndinamical mapping for the identification of High Nature
Value Farmland. Plant Sociol. 49, 59e69.

Gordon, L.J., Finlayson, C.M., Falkenmark, M., 2010. Managing water in agriculture
for food production and other ecosystem services. Agric. Water Manag. 97,
512e519.

Halada, L., 2009. The European biodiversity observation network-EBONE. In:
Hradec, J., Rovský, E.P.O.M., Pillmann, W., Holoubek, I., Bandholtz, T. (Eds.),
European conference of the Czech Presidency of the Council of the EU, TO-
WARDS eENVIRONMENT, Opportunities of SEIS and SISE: Integrating Environ-
mental Knowledge in Europe, Prague, Czech Republic, pp. 177e188.

Halada, L., Evans, D., Romão, C., Petersen, J.-E., 2011. Which habitats of European
importance depend on agricultural practices? Biodivers. Conserv. 20, 2365e
2378.

Henle, K., Alard, D., Clitherow, J., Cobb, P., Firbank, L., Kull, T., McCracken, D.,
Moritz, R.F.A., Niemela, J., Rebane, M., Wascher, D., Watt, A., Young, J., 2008.
Identifying and managing the conflicts between agriculture and biodiversity
conservation in Europeea review. Agric. Ecosyst. Environ. 124, 60e71.

Herzog, F., Balázs, K., Dennis, P., Friedel, J., Geijzendorffer, I., Jeanneret, P., Kainz, M.,
Pointereau, P., 2012. Biodiversity Indicators for European Farming Systems A
Guidebook ART Schriftenreihe 17.

Hoogeveen, Y., Garbrielsen, P., Petersen, J.-E. (Eds.), 2002. Nature Value Farming
Areas: Defining the concept and developing an agri-environmental indicator.
Proceedings of theVIHNVExpertMeeting. EuropeanAgency, Copenhagen,pp.15.

IEEP, 2007a. Final Report for the Study on HNV Indicators for Evaluation, pp. 187.
IEEP, 2007b. Guidance Document to the Member States on the Application of the

High Nature Value Indicator, pp. 48.
IEEP, 2010. In: Lukesch, R., Schuh, B. (Eds.), Working Paper on “Approaches for

Assessing the Impacts of the Rural Development Programmes in the Context of
Multiple Intervening”, pp. 226.

Jongman, R.H.G., 2002. Homogenisation and fragmentation of the European land-
scape: ecological consequences and solutions. Landsc. Urban Plan. 58, 211e221.

Jongman, R.H.G., 2013. Biodiversity observation from local to global. Ecol. Indic. 33,
1e4.

Jongman, R.H.G., Staritsky, I., Geijzendorffer, I., Herzog, F., Viaggi, D., Targetti, S.,
Brus, D., Knotters, M., 2012. BioBio Deliverable D4.2-Report on the Suitability of
Continental Scale Indicators for Reflecting Biodiversity of Organic/low Input
Farming Systems, Proposition of a Monitoring System at the Continental Scale
(FP7. 227161), pp. 52.

Jones, G., 2012. United Kingdom. In: Oppermann, R., Beaufoy, G., Jones, G. (Eds.),
High Nature Farming in Europe, 35 European countries - experiences and
perspectives. Verlag Regionalkultur, Basel, p. 544pp.

Kleijn, D., Kohler, F., Báldi, A., Batáry, P., Concepción, E.D., Clough, Y., Díaz, M.,
Gabriel, D., Holzschuh, A., Knop, E., Kovács, A., Marshall, E.J.P., Tscharntke, T.,
Verhulst, J., 2009. On the relationship between farmland biodiversity and land-
use intensity in Europe. Proc. R. Soc. B: Biolog. Sci. 276, 903e909.

Krautzer, B., Bartel, A., Kirmer, A., Tischew, S., Feucht, B., Wieden, M., Haslgrübler, P.,
Rieger, E., Pötsch, E.M., 2011. Establishment and use of High Nature Value
farmland. In: Grassland Farming and Land Management Systems in Moun-
tainous Regions. Proceedings of the 16th Symposium of the European Grassland
Federation. Agricultural Research and Education Centre (AREC) Raumberg-
Gumpenstein, Irdning, Austria, pp. 457e469.

Kristensen, P., 2003. EEA Core Set of Indicators: Revised Version April 2003, EEA
Technical Report, Copenhagen, pp. 79.

Kurlavi�cius, P., 2012. Lithuania. In: Oppermann, R., Beaufoy, G., Jones, G. (Eds.), High
Nature Farming in Europe, 35 European Countries e Experiences and Per-
spectives. Verlag Regionalkultur, Basel, p. 544.

Lomba, A., Gonçalves, J., Moreira, F., Honrado, J., 2012. Simulating long-term effects
of abandonment on plant diversity in Mediterranean mountain farmland. Plant
Biosyst. -Int. J. Deal. Aspects Plant Biol., 1e19.

Markovic, K., Njegovan, Z., Pejanovic, R., 2012. Former and future reforms of com-
mon agricultural policy of the European Union. Econ. Agric. 59, 483e497.

Metzger, M., Jongman, R., Halada, L., 2010. Set the Standard: Coherent, Integrated
Data on Biodiversity is Crucial for European Environmental Policy. Research
Review, June 2010.

Millennium Ecosystem Assessment, 2005. In: Institute, W.R. (Ed.), Ecosystems and
Human Well-being: Biodiversity Synthesis. World Resources Institute, Wash-
ington, DC.

Navarro, L., Pereira, H., 2012. Rewilding abandoned landscapes in Europe. Ecosys-
tems, 1e13.

Oppermann, R., Beaufoy, G., Jones, G. (Eds.), 2012. High Nature Value Farming in
Europe. 35 European Countries: Experiences and Perspectives. Verlag Region-
alkultur, Ubstadt-Weiher, Germany, pp. 455.

Paracchini, M.L., Terres, J.-M., Petersen, J.-E., Hoogeveen, Y., 2006. Background
Document on the Methodology for Mapping High Nature Value Farmland in
EU27. European Commission Directorate General Joint Research Centre and the
European Environment Agency, pp. 32.

Paracchini, M.L., Petersen, J.-E., Hoogeveen, Y., Bamps, C., Burfield, I., Van Swaay, C.,
2008. High Nature Value Farmland in Europe e an Estimate of the Distribution
Patterns on the Basis of Land Cover and Biodiversity Data. JRC Scientific and
Technical Reports. Joint Research Centre - Institute for Environment and Sus-
tainability, Luxembourg, 87 pp.

Pedroli, B., Van Doorn, A., De Blust, G., Paracchini, M.-L., Wascher, D., Bunce, F., 2007.
Europe’s Living Landscapes. Essays on Exploring Our Identity in the Country-
side. Landscape Europe/KNNV, pp. 432.

Peppiette, Z.E.N., 2011. The challenge of monitoring environmental priorities: the
example of HNV farmland. In: Paper Prepared for the 122nd EAAE Seminar
Evidence-based Agricultural and Rural Policy Making: Methodological and
Empirical Challenges of Policy Evaluation, Ancona.

Pinto-Correia, T., Almeida, M., 2013. Tentative identification procedure for HNV
Montados. In: Proceedings of the ICAAM International Conference 2013 on

A. Lomba et al. / Journal of Environmental Management 143 (2014) 140e150 149



Author's personal copy

MONTADOS and DEHESAS as High Nature Value Farming Systems: Implications
for Classification and Policy Support. Évora, Portugal.

Piorr, H.-P., 2003. Environmental policy, agri-environmental indicators and land-
scape indicators. Agric. Ecosyst. Environ. 98, 17e33.

Plieninger, T., Bieling, C., 2013. Resilience-based perspectives to guiding high-
nature-value Farmland through socioeconomic change. Ecol. Soc. 18.

Plieninger, T., Höchtl, F., Spek, T., 2006. Traditional land-use and nature conserva-
tion in European rural landscapes. Environ. Sci. Policy 9, 317e321.

Poetsch, E.M., 2013. Interreg 2007e2013 - Central Europe| Project 1CE052P3 ”Semi-
natural grassland as a source of biodiversity improvement” (SALVERE). Project
partner report on 3.1.2 Final report on status quo of HNVF in selected Central
European regions by PP2 AREC Raumberg-Gumpenstein., p. 12.

Pointereau, P., Paracchini, M.L., Terres, J.-M., Jiguet, F., Bas, Y., Biala, K., 2007. Iden-
tification of High Nature Value Farmland in France through Statistical Infor-
mation and Farm Practices Surveys. In: EUR e Scientific and Technical Research
Series. Office for Official Publications of the European Communities,
Luxembourg, p. 65.

Pointereau, P., Doxa, A., Coulon, F., Jiguet, F., Paracchini, M.L., 2010. High Nature
Value Farmland and Common Bird Indicators. Spatial and Temporal Modifica-
tions in Agricultural Practices and Bird Communities. Office for Official Publi-
cations of the European Communities, Luxembourg. http://agrienv.jrc.ec.
europa.eu/publications/pdfs/EUR_24299.pdf.

Poux, X., Ramain, B., 2012. France. In: Oppermann, R., Beaufoy, G., Jones, G. (Eds.),
High Nature Farming in Europe, 35 European Countries e Experiences and
Perspectives. Verlag Regionalkultur, Basel, 544 pp.

Power, A.G., 2010. Ecosystem services and agriculture: tradeoffs and synergies. Phil.
Trans. R. Soc. B Biol. Sci. 365, 2959e2971.

Pretty, J., 2008. Agricultural sustainability: concepts, principles and evidence. Phil.
Trans. R. Soc. B Biol. Sci. 363, 447e465.

Prince, H.E., Bunce, R.G.H., Jongman, R.H.G., 2012. Changes in the vegetation
composition of hay meadows between 1993 and 2009 in the Picos de Europa
and implications for nature conservation. J. Nat. Conserv. 20, 162e169.

Riedel, S., Walter, T., Herzog, F., 2012. Switzerland. In: Oppermann, R., Beaufoy, G.,
Jones, G. (Eds.), High Nature Farming in Europe, 35 European countries - ex-
periences and perspectives. Verlag Regionalkultur, Basel, p. 544pp.

Samoy, D., Lambotte, M., Biala, K., Terres, J.-M., Paracchini, M.L., 2008. High Nature
Value Farmland Identification e National Approach in the Walloon Region in
Belgium and in the Czech Republic. JRC Scientific and Technical Reports. 73 pp.

Stefanova, S., Kazakova, Y., 2012. Bulgaria. In: Oppermann, R., Beaufoy, G., Jones, G.
(Eds.), High Nature Farming in Europe, 35 European Countries e Experiences
and Perspectives. Verlag Regionalkultur, Basel, p. 544.

Stoate, C., Boatman, N.D., Borralho, R.J., Carvalho, C.R., Snoo, G.R.d., Eden, P., 2001.
Ecological impacts of arable intensification in Europe. J. Environ. Manag. 63,
337e365.

Stoate, C., Báldi, A., Beja, P., Boatman, N.D., Herzon, I., van Doorn, A., de Snoo, G.R.,
Rakosy, L., Ramwell, C., 2009. Ecological impacts of early 21st century agricul-
tural change in Europe e a review. J. Environ. Manag. 91, 22e46.

Sullivan, C.A., Bourke, D.A., Finn, J.A., Sheehy Skeffington, M., Gormally, M.J., 2011.
Mapping High Nature Value farmland in Ireland. In: hUallacháin, Ó., Finn, J.
(Eds.), TEAGASC Biodiversity Conference. Conserving Farmland Biodiversity e

Lessons Learned & Future Prospects. Teagasc, Head Office, Oak Park, Carlow,
Wexford, pp. 94e95.

Tilman, D., Fargione, J., Wolff, B., D’Antonio, C., Dobson, A., Howarth, R.,
Schindler, D., Schlesinger, W.H., Simberloff, D., Swackhamer, D., 2001.
Forecasting agriculturally driven global environmental change. Science 292,
281e284.

Tilman, D., Cassman, K.G., Matson, P.A., Naylor, R., Polasky, S., 2002. Agricultural
sustainability and intensive production practices. Nature 418, 671e677.

Trisorio, A., Borlizzi, A., 2011. Assessing the impact of rural policy on biodiversity:
High Nature Value farming in Italy. In: 122nd EAAE Seminar “Evidence-based
agricultural and rural policy making: methodological and empirical challenges
of policy evaluation”, Ancona.

Trisorio, A., Povellato, A., Borlizzi, A., 2010. High Nature Value farming systems in
Italy: a policy perspective. In: Paper Presented at the OECD Workshop on OECD
Agri-environmental Indicators: Lessons Learned and Future Directions, 23e26
March, 2010, Leysin, Switzerland.

Trisorio, A., Borlizzi, A., Povellato, A., 2012. Italy. In: Oppermann, R., Beaufoy, G.,
Jones, G. (Eds.), High Nature Farming in Europe, 35 European Countries e Ex-
periences and Perspectives. Verlag Regionalkultur, Basel, p. 544.

Tscharntke, T., Klein, A.M., Kruess, A., Steffan-Dewenter, I., Thies, C., 2005. Land-
scape perspectives on agricultural intensification and biodiversity e ecosystem
service management. Ecol. Lett. 8, 857e874.

Van Doorn, A.M., Elbersen, B.S., 2012. Implementation of High Nature Value
Farmland in Agri-environmental Policies: What can be Learned from Other EU
Member States? Alterra, Wageningen, p. 64. Alterra Report.

Wade, M.R., Gurr, G.M., Wratten, S.D., 2008. Ecological restoration of farmland:
progress and prospects. Phil. Trans. R. Soc. B Biol. Sci. 363, 831e847.

Wascher, D.M., van Eupen, M., Mücher, C.A., Geijzendorffer, I.R., 2010. Biodiversity of
European Agricultural Landscapes: Enhancing a High Nature Value Farmland
Indicator. Wageningen, Statutory research tasks Unit for Nature & the Envi-
ronment, WOt working document, pp. 88.

Weissteiner, C.J., Strobl, P., Sommer, S., 2011. Assessment of status and trends of
olive farming intensity in EU-Mediterranean countries using remote sensing
time series and land cover data. Ecol. Indic. 11, 601e610.

Young, J., Watt, A., Nowicki, P., Alard, D., Clitherow, J., Henle, K., Johnson, R.,
Laczko, E., McCracken, D., Matouch, S., Niemela, J., Richards, C., 2005. Towards
sustainable land use: identifying and managing the conflicts between human
activities and biodiversity conservation in Europe. Biodivers. Conserv. 14, 1641e
1661.

Young, J., Marzano, M., White, R., McCracken, D., Redpath, S., Carss, D., Quine, C.,
Watt, A., 2010. The emergence of biodiversity conflicts from biodiversity im-
pacts: characteristics and management strategies. Biodivers. Conserv. 19, 3973e
3990.

A. Lomba et al. / Journal of Environmental Management 143 (2014) 140e150150


