This article was downloaded by: [Colmex]
On: 11 April 2013, At: 17:38
Publisher: Routledge
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Journal of Environmental Planning and
Management
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/cjep20

Environmental Impact Assessment,
ecosystems services and the case of
energy crops in England
a

b

c

Alastor M. Coleby , Dan van der Horst , Klaus Hubacek , Chris
d

e

e

f

Goodier , Paul J. Burgess , Anil Graves , Richard Lord &
David Howard

g

a

Sustainability Research Institute, School of Earth Environment,
University of Leeds, Leeds, LS2 9JT, UK
b

College of Life and Environmental Sciences, School of
Geography, Earth and Environmental Sciences, University of
Birmingham, Edgbaston, B15 2TT, UK
c

Department of Geography, College Park, University of Maryland,
College Park, MD, 20742, USA
d

Civil and Building Engineering, Loughborough University,
Leicestershire, LE11 3TU, UK
e

Department of Environmental Science and Technology, Cranfield
University, Cranfield, MK43 0AL, UK
f

Technology Futures Institute, School of Science & Engineering,
Teeside University, Middlesbrough, Tees Valley, TS1 3BA, UK
g

Centre for Ecology & Hydrology, Lancaster Environment Centre,
Library Avenue, Bailrigg, Lancaster, LA1 4AP, UK
Version of record first published: 16 Dec 2011.

To cite this article: Alastor M. Coleby , Dan van der Horst , Klaus Hubacek , Chris Goodier , Paul
J. Burgess , Anil Graves , Richard Lord & David Howard (2012): Environmental Impact Assessment,
ecosystems services and the case of energy crops in England, Journal of Environmental Planning
and Management, 55:3, 369-385
To link to this article: http://dx.doi.org/10.1080/09640568.2011.603958

PLEASE SCROLL DOWN FOR ARTICLE
Full terms and conditions of use: http://www.tandfonline.com/page/terms-andconditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

Downloaded by [Colmex] at 17:38 11 April 2013

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

Journal of Environmental Planning and Management
Vol. 55, No. 3, April 2012, 369–385

Environmental Impact Assessment, ecosystems services and the
case of energy crops in England

Downloaded by [Colmex] at 17:38 11 April 2013

Alastor M. Colebya*, Dan van der Horstb, Klaus Hubacekc, Chris Goodierd,
Paul J. Burgesse, Anil Gravese, Richard Lordf and David Howardg
a
Sustainability Research Institute, School of Earth Environment, University of Leeds, Leeds,
LS2 9JT, UK; bCollege of Life and Environmental Sciences, School of Geography, Earth and
Environmental Sciences, University of Birmingham, Edgbaston B15 2TT, UK; cDepartment of
Geography, College Park, University of Maryland, College Park MD 20742, USA; dCivil and
Building Engineering, Loughborough University, Leicestershire LE11 3TU, UK; eDepartment of
Environmental Science and Technology, Cranﬁeld University, Cranﬁeld MK43 0AL, UK;
f
Technology Futures Institute, School of Science & Engineering, Teeside University,
Middlesbrough, Tees Valley TS1 3BA, UK; gCentre for Ecology & Hydrology, Lancaster
Environment Centre, Library Avenue, Bailrigg, Lancaster LA1 4AP, UK

(Received 7 February 2011; ﬁnal version received 24 June 2011)
A consequence of the increased requirements for renewable energy is likely to be
allocation of more land to bio-energy crop production. Recent regulatory changes
in England, as in other parts of the UK, mean that changes in land-use are
increasingly subject to screening through Environmental Impact Assessment
(EIA). This paper reviews these regulatory changes and explores the potential
beneﬁts of incorporating a fuller examination of ecosystem services within EIA
procedures. The authors argue that such an approach could help achieve
sustainability by identifying the best options within an area, rather than
concentrating on the negative eﬀects of selected proposed projects. It could also
help highlight the beneﬁts provided by existing and proposed agricultural,
forestry, peri-urban and urban systems. However, successful implementation of
an ecosystem services approach would also require a greater understanding of the
societal preferences for the full range of ecosystem services at a landscape scale,
as well as the trade-oﬀs and synergies between uses of speciﬁc services.
Keywords: ecosystem services; environmental assessment; agriculture; land-use
planning, biomass; stakeholders

1. Introduction
The UK Government set ambitious renewable energy targets to be achieved by
2020 (House of Lords EU Committee 2008). These targets have led to proposed new
developments such as wind turbines, hydro-electric plants and increased use of
biomass energy. In the case of biomass energy, potential sources include: organic
waste products; use of existing agricultural and forestry by-products; and the
establishment and harvest of biomass from dedicated energy crops. The latter
grouping includes perennial crops such as short rotation coppiced (SRC) trees such
as willow and poplar and high yielding grasses such as miscanthus.
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Whilst most land-use decisions, including the establishment of biomass energy
crops, are primarily ﬁnancially driven, many decisions result in external costs and
beneﬁts that are felt, not by the landowner or site developer, but by society at large.
Hence the UK Government, as elsewhere, has developed a planning permission
system to address such externalities and the wider concerns of society.
The interaction between bioenergy crops and environmental costs and beneﬁts is
especially relevant because renewable energy targets, particularly for transport fuel,
may require very large areas of land nationally and/or globally to be planted.
Moreover, large-scale planting of new energy crops (e.g. short rotation coppice
willow and miscanthus energy grasses) could result in substantial hydrological,
biodiversity and visual changes (Smeets et al. 2008, Bellamy et al. 2009, Rowe et al.
2009). The consequences of planting new energy crops is not restricted solely to the
agricultural land on which they are planted. There is a need to consider such
developments in the wider context of full life-cycle assessments (e.g. do such crop
production life-cycles oﬀer real greenhouse gas emission beneﬁts?) and in relation to
this, their infrastructure provision and use (e.g. additional road transport, biomass
power-plant development and emissions).
At present the environmental impacts of new renewable energy projects are
largely addressed in the planning process through the use of Environmental Impact
Assessments (EIA). These evaluate the environmental consequences of major
development projects in situ. However, an additional framework for assessing
the impact of land-use change is the ecosystem services (ES) framework. ES is a
collective term used to describe the various production resources and processes that
humanity obtains from land, air and water, and the associated ecosystems (HainesYoung 2009). These include the provision of food, ﬁbre, fuel, the regulation of
pollination, nutrients, water supply and water quality, alongside cultural beneﬁts
such as recreation and education. Their importance to human well-being and to
nature conservation itself has been highlighted by the 2005 Millennium Ecosystem
Assessment (IISD 2007), and others (e.g. de Groot et al. 2002, de Groot 2006,
Haines-Young 2009). A detailed deﬁnition of ES with examples is provided in
Section 5 and Table 2 of this paper.
This paper examines the development, use, strengths and weaknesses of EIA
in the context of biomass energy crops, and discusses the subsequent necessity of
integrating ES concepts into the current EIA process. In May 2011, in response to
the UK National Ecosystem Assessment (UK NEA 2011) and the Parliamentary
White Paper on Ecosystem Service Valuation (UK Parliament 2011), the UK
Government called for more integrated approaches to ecosystem management
beyond (the current EIA) conventional sectoral approaches (DEFRA 2011a).
2.

Environmental Impact Assessment (EIA)

Environmental Impact Assessments (EIA, also known as Environmental Assessments, EA) were ﬁrst undertaken in the USA in 1969 under the National
Environmental Policy Act as a means of spatially identifying probable environmental and social outcomes of human actions (US Environmental Protection
Agency 2011). The 1969 Act came into being following extensive lobbying by
environmental stakeholders seeking the protection of sites of ecological importance
both in terms of the services provided by conservation and by their aesthetics. In
the European Union, the planning policies of member states were predicated on the
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European EIA Directive in 1985 (85/337/EEC) and its subsequent amendments in
1997, 2003 and 2009 (EC 2009). Importantly, the EIA framework now provides a
process for assessing and predicting the eﬀects of human interventions on aﬀected
stakeholders and ecosystems (Slootweg and Kolhoﬀ 2003, Slootweg et al. 2006, 2009).
Within the UK, the initial European EIA Directive (85/337/EEC) was
incorporated into existing legislation via the 1999 Town and Country Planning
(Environmental Impact Assessment) Regulations (UK Government 1999a) in
England, with the other parts of the UK enacting equivalent versions. The
regulations initially deﬁned two schedules (classes) of projects for EIA: those in
Schedule 1 such as infrastructure projects for which EIA is mandatory; and those in
Schedule 2 where planning authorities are required to consider whether the project
may have a signiﬁcant environmental impact. Most small biomass energy generation
projects (with a heat output of less than 300 MW) fall under schedule 2, and are only
subject to an EIA if they are considered to have ‘‘signiﬁcant eﬀects on the
environment by virtue of factors such as its nature, size or location’’ (the Town and
Country Planning (Environmental Impact Assessment) Regulations 1999, UK
Government 1999a). The applicable thresholds and criteria speciﬁed for Schedule 2
energy installations are those where areas of development exceed 0.5 ha. Sensitive
locations include Sites of Special Scientiﬁc Interest, areas of nature conservation,
National Parks, World Heritage Sites, Scheduled Ancient Monuments, Areas of
Outstanding Natural Beauty, and habitats protected by European directives. In
practice, however, smaller projects outside such locations may voluntarily provide an
EIA in order to gain planning approval. Projects burning more than 100 t d71 of
biomass ‘wastes’ are also deemed to be Schedule 1 activities, which in the case of
biomass wood waste equates to an electrical generation capacity of only 5–10 MW.
The operational facilities of bioenergy projects are regulated under the
Environmental Permitting Regime (UK Government 2007), previously the Pollution
Prevention and Control Regulations enacted in 2000 (UK Government 2000), as
Part 1 activities where the thermal input is 450 MW (43 MW for waste) or Part 2
activities if 20-50 MW (or burn waste generating 53 MW). The Clean Air Act (UK
Government 1993) and the 1994 Habitats Regulations (UK Government 1994) also
apply.
3.

Increasing scope to screen projects for EIA

Until recently, most changes in types of production on agricultural land in England
have been outside the scope of the EIA regulations. As a general rule this includes
the transition to energy crops even though they pose speciﬁc environmental impacts
related to the type of species, height, appearance and monoculture. For example,
reduced recharge and runoﬀ of water from areas used for these crops could
exacerbate over-exploitation of local aquifers (Smeets et al. 2008). Such impacts,
however, can be minimised by careful assessment of land use and selecting suitable
locations and harvesting regimes alongside limiting the size of plantations.
Although conventional arable crops do provide certain habitats for wildlife, the
impacts of energy crops on biodiversity are generally favourable when compared to
conventional intensive arable plantations (Bellamy et al. 2009, Sage et al. 2010).
Research by Bellamy et al. (2009) found that ﬁelds of the energy crop miscanthus
had a greater abundance and diversity of birds than did wheat in both winter and in
summer. In winter, the greater numbers of birds in miscanthus ﬁelds were thought to
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have been attracted by the shelter provided by the crop and by the abundance of
non-crop plants. During the bird breeding season, the provisioning ecosystem
services provided included an abundance of non-crop plants in the miscanthus ﬁelds,
and greater numbers of insects associated with the plants provided food resources.
However, miscanthus crop plants provided less insect food than wheat crop plants.
Changes in crop structure during the breeding season also inﬂuenced breeding birds.
Results from the Bellamy et al. (2009) study suggested that an increase in
miscanthus areas grown in the UK could temporarily beneﬁt farmland bird
populations during establishment. However, these beneﬁts are likely to diminish with
the age of crop and as crop management is intensiﬁed, with impacts including
increased water extraction and reductions in biodiversity. Therefore, management of
in situ ecosystem services is required to maintain the diversity of features attractive to
birds because many features will be lost if miscanthus is managed solely to maximise
crop yields, (Bellamy et al. 2009). Overall, however, perennial energy crops such as
reed canary grass and short rotation coppice are considered to exert lower
environmental pressures than most annual crops, since they reduce soil compaction
and erosion, and have reduced cultivation, nutrient and pesticide inputs (European
Environment Agency 2006).
An important inconsistency in the EIA Regulations is the way they are applied to
diﬀerent sectors, in that agriculture is scarcely covered while EIA does apply to
forestry. This has implications that can inﬂuence land-use decisions. At present the
Environmental Impact Assessment (Forestry) Regulations of 1999, make EIA
necessary for changes such as aﬀorestation (including SRC willow) in cases where
the area planted is greater than 5 ha and deforestation is more than 1 ha (UK
Government 1999b, 2006a, Forestry Commission 2009). An EIA is always required
for work in sensitive environmental areas such as National Parks and designated
Areas of Outstanding Natural Beauty, whereby the areas triggering an EIA are
reduced to 2 ha and 0.5 ha, respectively. The imperfection in the current EIA system
is that it includes changes in forestry but not in agriculture, which suggests it is now
appropriate to review the current approach to environmental assessment.
EIA is applicable to agricultural management only where it involves the
intensiﬁcation of management of previously uncultivated land (deﬁned as land that
has not been physically cultivated or fertilised for the past 15 years (Natural England
2007)). In situations where the Environmental Impact Assessment (Uncultivated
Land and Semi-natural Areas) (England) Regulations 2001 (UK Government 2001)
look like they could apply then landowners’ are required to contact the statutory
body, Natural England, to determine if any intended use of uncultivated land or
semi-natural areas is considered as a change to intensive farming. In 2006 the scope
was further expanded in the EIA (Agriculture) 2006 regulations, which potentially
cover any form of productivity increase on uncultivated land or semi-natural area
and physical restructuring rural land holdings above a certain level (deﬁned in
EIA Schedule 1 as Thresholds of 2, 4, and 50-100 hectares respectively), (UK
Government 2006b). Furthermore, the guidance indicates that an EIA screening
decision should be sought for land-use change greater than 2 ha or involving more
than 4 km of ﬁeld boundaries.
Thus, between 1999 and 2006, there was a steady increase in environmental
regulation in EIA associated with changes in the use of agricultural and forestry
land, although not applicable to changes in agriculture itself. However, even where a
particular land-use change does not require screening, for example, planting
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miscanthus on arable land, when seeking ﬁnancial support from the UK
Government’s energy crops scheme, owners have been required to undertake an
EIA screening (Natural England 2007). It can be argued then that, if certain farming
activities are required to carry out an EIA, then the same rules should apply to all
agriculture in order to assess its eﬀects on the rural environment.
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4.

Implementation of EIA

When a land-use change project is screened and the need for an EIA is identiﬁed, an
EIA is required to address both the direct and indirect eﬀects of the proposed
development (BERR 2009). It must examine the implications for the natural (ﬂora
and fauna), the social (human population) and the physical (soil, air, water, climatic
factors, landscape and archaeology) environments. In the case of establishing a
miscanthus plantation, an EIA screening decision should consider the visual eﬀects
on the landscape as wells as its impacts on local biodiversity such a birds and insects
(Agriculture, Food and Development Authority 2010).
Prior to 2008, the purpose of an EIA was to consider the impacts of a proposal
on the surrounding ecology, hydrology and landscape (EIA Regulations 1999
Schedule 4 section 4(c) and Annex A2). Hence the focus was primarily to mitigate
undesirable impacts of proposed changes, rather than to identify pro-actively the
best ways forward in a particular environment (Table 1). Although EIA legislation
has been successful in promoting early consideration of environmental issues in
the decision-making process (EC 2009), it has been primarily a reactive tool.
Subsequently, making EIAs proactive, rather than just re-active, was called for in the
2008 Planning Act (UK Government 2008) and in 2011 via the NEA call for
proactive ES management (DEFRA 2011a).
A criticism of existing EIAs is that they often take a narrow view of what is
sustainable, neglecting social and economic factors in favour of environmental
ones. Currently, an EIA is only an aid to the decision-making process, providing
information to make a more transparent and evidence based process, but it is not

Table 1. Three perceived challenges associated with implementation of EIA in terms of
renewable energy, and descriptions of their potential solution.
Challenge
1. A focus on mitigating the environmental
eﬀects of proposed projects, rather than
identifying and encouraging sustainable
best practice in an area/region.
2. A low appreciation of ecosystem beneﬁts
of agricultural, forestry, peri-urban and
urban land because the origins of EIA
were conservation orientated.
3. At present the planning system
encourages local stakeholders to focus on
resisting aesthetic change, rather than
ways to enhance the full range of
ecosystem services within an area.

Potential solution
The 2008 Planning Act indicates that planners
should identify suitable sites for renewable
energy development. The new challenge is
ﬁnd a framework to do this re: the 2011
NEA.
Greater eﬀorts to map and value ALL the
ecosystem beneﬁts of agricultural, forestry,
peri-urban and urban land.
The incorporation of an ecosystem services
approach within the EIA could help focus
local stakeholders away from simply
resisting change to identifying best options
and an increased focus on enhancement of
the natural environment.
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a decision-making tool in itself and does not guarantee environmentally sustainable
outcomes. One particular shortfall is that because of a focus on habitat conservation
regulations, EIA often underestimates the environmental value of existing
agricultural, forestry, and indeed peri-urban and urban environments.
For example, the conversion value of changing agricultural land from food
production to biomass energy production is not considered by regulators to have a
signiﬁcant environmental impact (see UK Government, EIA Regs 2001, 2005). This
is even though such changes have implications (positive or negative) for carbon
sequestration and biodiversity. A critical socio-economic impact may also be to
increase food prices (Sherrington et al. 2008, Spiertz and Ewert 2009), although
disputed by some (Bond et al. 2011), and increase the intensity of food production
elsewhere that could in turn have signiﬁcant negative eﬀects on ecosystem services
and biodiversity.
Another key aspect of any EIA is the involvement of stakeholders. The planning
system deﬁnes these as members of the public who, alongside statutory environmental consultees, must be given the opportunity to comment on an EIA’s ﬁndings
through its Environmental Statement. This describes the options and consequences
of any proposed development, and is submitted alongside the Project Plan. The
Environmental Statement should be systematic and objective, include the necessary
technical details, with a summary that can be understood by laypeople (EC 2001,
UK Government 2001). The explicit incorporation of locally known ecosystem
services via stakeholder engagement into the EIA would further help to deliver its
objectives, namely to identify the full environmental implications of proposed
changes in the use of site speciﬁc natural resources.
The challenge, as always in EIA and land use, particularly with regard to
agriculture, lies in how the criteria in planning regulations that specify which changes
in land-use require assessment are in practice deﬁned, assessed and interpreted. In
England diﬀerences of opinion between farmers and environmental regulators have
at times led to conﬂict between these two key stakeholders on how the land should be
managed. In one case in 2005 the UK Department of the Environment, Food and
Rural Aﬀairs (DEFRA) used the Environmental Impact Assessment (Uncultivated
Land and Semi-natural Areas) (England) Regulations 2001 (UK Government 2001),
to prosecute a farmer for fertilising moorland ﬁelds, arguing that there was an
implied intention of bringing land that had not recently been used for farming into
intensive use without ﬁrst carrying out an EIA (Queen’s Bench Division, 2005). In
this case the farmer’s decision had implications for the ecosystem services provided
by the meadow ﬂora and fauna that exceeded the simple provisioning of food. The
moorland also not only oﬀered support and regulatory services, including grazing
moorland and natural habitat for in situ pollinating insects and birds, but also
cultural services such as scenic beneﬁts to local walkers and residents. Whilst this
example did not involve energy crops, it did highlight why any signiﬁcant change in
agricultural land-use should be subject to an EIA that recognises locally important
ecosystem services (ES).
With energy crop production set to drive the most extensive changes in land-use
in Britain since the 1950s it is crucial to have in place an eﬀective method of assessing
the consequences. The changes will not simply be in the vegetation cover and
productivity of individual parcels of land that are directly implicated, but also in the
knock-on eﬀects of both supporting infrastructure and neighbouring land parcels
(Holzschuh et al. 2011). There may also be displacement of the services that were
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provided prior to the change that will impact secondary systems, often distant, such
as animal feed and food crops through indirect land-use change (Thyø and Wenzel
2007, Searchinger et al. 2008). These major indirect impacts tend to be dominated by
provisioning services, as traditionally they have been the major component of the
valued we place on the environment. Examples include where market forces have led
to food production being shifted to agriculturally marginal land to meet demand.
However, with European legislation in the form of the Habitats Directive,
ecosystems of equivalent value must be created or restored to balance habitat loss,
meaning that all ecosystem services are included in this approach. Potential changes
must be assessed in terms of their ability to deliver the objectives of the developer
balanced against possible compromise of services currently delivered and valued
by all other stakeholders. The production of energy crops can contribute to both
securing our energy supply and reducing greenhouse gas emissions. These must also
be balanced against compromises with existing uses of the land that may already
sequester emissions such as natural grasslands and forests and deliver other services.
Therefore, to address this, what is needed is the formal incorporation of the ES
concept into EIA methodology. As it stands the European EIA directives and the
Habitats Directive (EC 2001, 2007, 2009) that drive EIA regulations in England
implicitly call upon spatial planners to protect ecosystems and their habitat
functions, i.e. provisioning services.
5.

Ecosystem services and the scope for their inclusion in environmental assessment

As noted above, in 2011 following the publication of the National Ecosystem
Assessment (UK NEA 2011) and a White Paper on Ecosystem Service Valuation
(UK Parliament 2011), DEFRA has sought a more integrated ecosystem management approach to environmental planning (DEFRA 2011a). This in turn had
followed DEFRA’s highlighting in 2007 of the need for a more strategic framework
for policy making and delivery on the natural environment (DEFRA 2007a). They
pushed for the use of an ecosystem approach building on de Groot’s (2006)
categorisation of ecosystem services into: production; regulation; habitat; cultural;
and carrier functions (Table 2). However, DEFRA (2007a) used the ecosystem
services (ES) approach popularised by the Millennium Ecosystem Assessment
(MEA) (2005) which classiﬁed ecosystem services into four categories namely:

Table 2.

Categorisation of ecosystem services by the MEA (2005) and de Groot (2006).

Millennium Ecosystem Assessment (2005)
Provisioning services: food, wood, ﬁbre,
fuel and water
Regulating services: regulation of water
supply and quality, and diseases
Cultural services: opportunities for
recreation, spiritual, aesthetic or
educational development
Supporting services: such as soil
formation, nutrient cycling and
primary production

de Groot (2006)
Provisioning services: the production of
biomass
Regulation services: the regulation of
bio-geochemical cycles
Cultural services: the opportunity for
recreation, aesthetic or cognitive
development
Habitat services: the spatial conditions needed
to maintain biological diversity
Carrier service, providing a suitable substrate
for human activity and infrastructure
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production; regulation; cultural; and supporting services. For more detail on these
deﬁnitions and some examples see Table 2.
Since the 2005 MEA the recognition and use of ecosystem services has been the
subject of much debate between traditional land-use commentators and environmental assessors seeking to incorporate ecosystem services into EIA. However,
debating the ES framework across a wider range of stakeholders, alongside the
associated publicity, is extremely useful in getting diﬀerent parties to see their speciﬁc
requirements as part of the broader requirements within a landscape (van der Horst
2007, Coleby et al. 2008, Howard et al. 2009, Hubacek et al. 2009, Upham 2009).
Notably this approach could also be undertaken within the context of other intergovernmental initiatives on such issues as energy security, biological diversity or
climate change.
However, at present, the EIA regulations, as established in 1999 (UK
Government 1999a), do not recognise the provision of ecosystem services as formal
criteria for conducting an EIA. Likewise, although the 2008 UK Planning Act
(Chapter 29, UK Government 2008) directed planners to identify suitable sites for
renewable energy development, it did not highlight ecosystem services. Therefore,
the planning system needs to become proactive in recognising important ecosystem
services and understand the potential impacts that may arise through land-use
change. Furthermore, in order to achieve the ‘global sustainability’ to which the 2008
Planning Act aspired, there is a need for the planning process to cover ecosystem
services eﬀectively and in a way that all stakeholders can recognise.
6.

The challenge of incorporating ecosystem services in an EIA

Alternative methodologies and procedures to encourage ecosystem stakeholder
participation in environmental planning are reﬂected in recent UK Government
policy initiatives and European legislation (Higgs et al. 2008, such as the EC
Directive on Public Participation (EC 2003) and the 2004 Environmental
Information Regulations (UK Government 2004). However, despite such initiatives
and alongside a growing literature on ecosystem services (e.g. de Groot et al. 2002, de
Groot 2006, Haines-Young 2009), many challenges remain for the integration of
ecosystem services assessment into landscape planning, management and environmental regulation (Table 3). There is a need for an Ecosystem Services framework
that can be applicable to both ‘natural’ and highly-managed environments. Possible
solutions lie in developing a framework that can include services such as ‘providing
space for biodiversity’ as well as concepts such as ‘ecosystem dis-services’, for
example, how particular land-use types impact on water resources.
However, the introduction of an ecosystem services framework into Environmental Impact Assessment presents a number of scientiﬁc challenges (Table 3). First,
the precise nature, role and value of ecosystem services aﬀected by any proposed
land-use change needs to be adequately understood (e.g. Reed 2008, Reed et al.
2009). For some services, such as levels of food production, the assessment may seem
straightforward, but for others, such as carbon sequestration, water quality and
habitat conservation, it becomes increasingly diﬃcult. In addition, it can also be
diﬃcult to present the information in a suﬃciently understandable, detailed and
holistic way. Initiatives, such as the National Ecosystem Assessment in the UK
(UK NEA 2011), have sought to provide the best current assessment of the status of
such services (Holt and Hattam 2009, Bateman et al. 2011). The availability of
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Table 3. Summary of key challenges in implementing an ecosystems approach within
Environmental Impact Assessments and potential solutions.
Challenge
1. Poor access to available and suitable
integrated datasets and lack of tools to
present the key information in an
understandable way.
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2. A lack of understanding of how
ecosystems services respond to natural
and human interventions, including
cumulative eﬀects.
3. A lack of knowledge and metrics for
social preferences for ecosystem beneﬁts;
for example for concepts such as
‘naturalness’.
4. The need for an ecosystem services
framework applicable to both ‘natural’
and highly-managed environments.
5. How to design incentives for farmers to
provide market and non-market beneﬁts
(such as biodiversity or landscape
amenity).
6. Understanding local resource issues.

Potential solution
Create greater availability of and accessibility
to data; encourage interdisciplinary research
on EIA in theory and practice. New tools to
allow the visualisation of the key ecosystem
services.
Ecosystem service research and modelling,
particularly at a local and regional scale.
Development and use of social and economic
valuation data for understanding societal
preferences for ecosystem services;
development of acceptable and aﬀordable
methods to collect that data; integration of
natural and social science.
To use a framework that can include services
such as ‘providing space for biodiversity’,
and concepts such as ‘ecosystem dis-service’.
Payments for providing ecosystems services,
legislation for cultural values, social
marketing, education and other
non-ﬁnancial incentives.
Involve the full range of stakeholders both at
speciﬁc sites and regionally, using
deliberative analytical tools and focusing on
process as much as on outcomes.

environmental information, through interactive maps through portals such as the
Multi-agency Geographic Information for the Countryside (MAGIC) (DEFRA
2011b), can also help provide a platform for stakeholders to understand the current
status of selected ecosystem services.
The beneﬁts of using an ecosystem services perspective to perform EIA are that
they include a framework that can act as a checklist to ensure that all issues are
covered, with greater emphasis on environmental processes (Rounsevell et al. 2010,
Metzger et al. 2006). However, diﬃculties have arisen from the independent
development of the two approaches (EIA and ES) with similar but not identical
aims. Thus there are clearly advantages in integrating the two. Whilst the ES
approach has concentrated on conservation of biodiversity for the beneﬁt of
humanity, and EIA has concentrated on protecting the environment by mitigating
impacts of development, both approaches share the same aim. The aim of both EIA
and ES approaches is that both seek to ensure that the environment is protected for
the beneﬁt of both humanity and nature.
The scientiﬁc challenge, however, is greater than simply describing the current
status of ecosystem services in any given location. There is also a need to understand
how key ecosystem services respond to both natural change and human interventions
such as changes in land-use (Dale and Polasky 2007, Metzger et al. 2006).
Descriptions of the response of provisioning services, such as food and ﬁbre
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production, can be provided by existing models (Parry et al. 1996, Tuck et al. 2006,
Graves et al. 2010, van der Werf et al. 2007, Deryng et al. 2011), but even here it is
rare to ﬁnd models that can seamlessly cover all production services within a
common framework. The measurement and understanding of regulating services is
needed, particularly for key services such as water quality, water supply and carbon
sequestration. Whilst work has begun in these areas, in the area of cultural ecosystem
services there remain few metrics for describing the non-material beneﬁts that people
gain, including reﬂection, spiritual enrichment and cognitive development. In
addition, there remains the challenge of recognising the importance of cumulative
eﬀects (Wärnbäck and Hilding-Rydevik 2009).
A further complication to the integration of ecosystem services within
Environmental Impact Assessments is that even if services can be quantiﬁed,
diﬀerent stakeholders can have diﬀerent interpretations and valuations. There are
some circumstances where the priorities of owners, government and key
stakeholders may be similar, such as the development of community woodlands
(Agbenyega et al. 2009), but this is not common, especially as people are resistant to
changes in land-use. However, cultural services, physical factors such as visibility
and road access are important prerequisites to allow people to visit the countryside
and gain its cultural beneﬁts. These metrics are weak surrogates for the true
services, which are related to human preferences and can be diverse (between
individuals and groups), unstable (changing over time) and context dependent
(local) (Coleby et al. 2008). In other situations, and often in the case of development
of renewable energy, there can be substantial disagreements (van der Horst 2007,
2008, Upham 2009). For example, existing environmental legislation and ecological
quality deﬁnitions use the ‘naturalness’ (Schedule 3 of the UK Government 1999
EIA Regulations) of a landscape as a criterion (Paetzold et al. 2009). However,
because all landscapes in the UK have been modiﬁed by human activity and are
therefore not ‘natural’ in the ecological sense of the word, local communities have
tended to regard naturalness in aesthetic terms (Coleby et al. 2008). Thus, the
ecosystem services provided by the landscape as far as local community
stakeholders are concerned are essentially, to them, cultural services. Whereas
landowners’ tend to focus on provisioning services, especially from agricultural
ecosystems, conservationists concentrate on regulation and support from the more
natural elements.
Even once the challenges of how ecosystems are perceived and understood by
stakeholders have been resolved there still remains the technical issue over which
ecosystem services should be included in Environmental Impact Assessment. The
over-arching framework promoted by DEFRA (2011a, 2007b) focused on ‘the
natural environment’ and, as noted earlier, used the categorisation popularised by
the Millennium Ecosystem Assessment (2005) (Table 2). Because this framework was
instigated by parties to the Convention on Biological Diversity, its starting point was
that all ecosystem services arise from biodiversity and hence the value placed on
habitats and species is implicit. Whilst the Millennium Ecosystem Assessment
focused on natural ecosystems, the framework may be less readily applied to highly
modiﬁed ecosystems such as intensive agricultural (European Environment Agency
2006, Smeets et al. 2008) and indeed (peri-) urban areas with their own provisioning
and cultural service challenges distinct from the bio-diverse ones in rural areas. Thus
there is an important diﬀerence between scientists and environmental planners
making such statements on ES as ‘its not working here’ and ‘we’ve applied it
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successfully there, but we’ve still got to make it work here’. How the aims and
ﬁndings of the MEA can best be incorporated into, and result in an improvement of,
the EIA process, is an important question that is yet to be answered; it would require
further research. The most appropriate framework will probably depend on the
context of its use (Turner et al. 2008). It would still be desirable for a single
framework to be developed for the purpose of EIAs across a comprehensive list of
key ecosystem services.
To carry authority, EIA must make consistent and defensible assessments
against which planning decisions can be made. A single framework is needed that
will reﬂect the diﬀerences in the full range of ecosystem services across systems with
diﬀerent land-use intensities of management and modiﬁcation. The authors here
believe that the classiﬁcation described by de Groot et al. (2002) and de Groot
(2006) is attractive in that it recognises that heavily-managed ecological systems
such as agriculture, buildings and roads can still provide space as a ‘habitat’ for
ﬂora and fauna, or act as a ‘carrier’ for other functions (e.g. the roof of a building
could support a solar panel or harvest rainwater). Alongside this it is increasingly
recognised that ecosystems, as well as providing services, can also provide
disservices such as disease pathogens and increased risk of injury or nuisance
(Agbenyega et al. 2009, Dunn, 2010, Dobbs et al. 2011). This further adds to the
argument that it is important to capture these ecosystem issues in the context of an
Environmental Impact Assessment.
Once diﬀerences in the interests of stakeholders are identiﬁed, there needs to be
methods of responding to them. For example, some land managers may choose to
prioritise cultural ecosystem services (Metzger et al., 2006) for aesthetic reasons; others
may choose to maximise production that delivers beneﬁts such as food, ﬁbre and food,
and so will be more inﬂuenced by market prices and government incentives (Swinton
et al. 2007). Whilst a farmer or forester may beneﬁt personally and directly from an
increased crop yield, others may suﬀer from the detriment of other ecosystem services
that beneﬁt the wider population (Pearce 2005, Kroeger and Casey 2007, Purvis et al.
2009). In such situations, it is pertinent for land-use stakeholders to understand the
trade-oﬀs between diﬀerent ecosystem services (Antle et al. 2003), so appropriate
decisions are made. Once these trade-oﬀs are known, the consequences of land-use
change can be more accurately assessed. As the above discussion on models indicated,
although land-use change models do exist at a global scale (e.g. IMAGE-GLOBIO;
Leemans et al. 1996), they tend to focus on speciﬁc uses or sectors (e.g. agricultural
production) or impacts (e.g. climate change). Once again there are fewer models that
allow comprehensive assessments at a landscape scale, and few examples that link landuse with the quantity, quality and value of all ecosystem services (ICSU 2008).
The ﬁnal challenge for any approach is the understanding of local issues, which
are often most clearly understood by (and are often most relevant to) local
stakeholders. The importance of participatory methods (noted earlier) are already
highlighted in the EU and UK EIA regulations (1985/1997/2003/2009 and 1999a/
2008, respectively), and their basis in the 1998 Aarhus Convention on public
participation in environmental matters. Many individuals and organisations which
have a ‘stake’ in land-use issues also have local and expert knowledge not available
in top-down decision making. Collaborating with these stakeholders when
identifying and modelling the potential impacts on ecosystem services of land
conversion to energy crops will help to capture vital local information (Bond et al.
2011).
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7. Conclusions
During the past 12 years (1999–2011), land-use change in England driven by the
growing demand for renewable energy has come within the scope of environmental
impact legislation. For example, the EIA (Agriculture) 2006 regulations potentially
cover ‘any form of productivity increase’ on uncultivated land or semi-natural area,
and the Environmental Impact Assessment (Forestry) Regulations of 1999 cover
land-use changes such as aﬀorestation (e.g. SRC willow) above a certain area. In
addition, the introduction of the 2008 Planning Act means that the planning
response to renewable energy development should no longer be only reactive because
the Act calls on land-use planners to actively identify suitable sites for renewable
energy development. An ecosystem services approach oﬀers a useful way to take this
forward. Moreover, such an approach would also include the issues such as the
potential increased use of food crops for bio-energy production. Since the
Environmental Impact Assessment (Uncultivated Land and Semi-natural Areas)
(England) Regulations 2001 (and the amendment of 2006) have been put in place, an
increased need for EIA of agricultural land use has become evident. As the authors
have argued in this paper, the use of EIA to agricultural land is an important step
forward, but it would be incomplete without the explicit inclusion of ecosystem
services. The 2011 NEA and subsequent statements by DEFRA (2011a) and the UK
Parliament (2011) show that there is indeed growing recognition at government and
policy level that the environment must be managed in a holistic manner, taking into
account ecosystem services.
At the time of writing, changes in the intended use of conventional food crops are
not covered by EIA and there is no consideration of the wider environmental
impacts, or impacts on ecosystem services. New local-level approaches are, however,
being developed to use an ecosystem services approach and a common framework
that describes the balance between energy and food production (Burgess et al. 2012).
Such approaches could also be used to support a more systematic, transparent and
stakeholder-inclusive decision-making process than the original EIA framework was
intended to provide when it was ﬁrst introduced by the EPA in 1969. Such a
development could be achieved by a pragmatic, inclusive and locally adaptable
approach.
To meet this challenge, the EIA community could draw on concepts discussed
in the Millennium Ecosystem Assessment. For example, a rearrangement of rights
and responsibilities between government and society could help to deal with the
unpredictable interaction between people and ecosystems as they evolve together.
This implies a decentralisation of governance, a rebalancing of reliance on formal
experts alone, and a stronger focus on negotiation and agreement between
stakeholders. In this respect, we are faced with the seemingly contradictory
challenges of expanding the EIA community, including: lay and local knowledge;
further developing our understanding of ecosystems science; and balancing
conﬂicting interests across scales of governance, space and time. Whilst there are
no easy or simple solutions to this challenge, the ability of EIA to improve decision
making over the environment can only be enhanced by engagement with the rapidly
growing body of literature on ES.
Acknowledgments
The research described in this paper was funded by the Natural Environment Council (NERC)
in its Land Based Renewables programme. The project, EnergyScapes and Ecosystem Services

Journal of Environmental Planning and Management

381

has received valuable comments from a range of stakeholders. The authors would like to
thank all those who have commented, including other team members and the referees who
have improved this paper. The lead author would also like to thank the School of Earth
and Environment at the University of Leeds and the School of Geography, Earth and
Environmental Sciences at the University of Birmingham for facilitating the work that led to
this paper.

Downloaded by [Colmex] at 17:38 11 April 2013

References
Agbenyega, O., et al., 2009. Application of the ecosystem function framework to perceptions
of community woodlands. Land use policy, 26, 551–557.
Agriculture, Food and Development Authority, 2010. Miscanthus best practice guidelines, 32–
33. [online] Available from: http://www.ruralnetworkni.org.uk/download/ﬁles/pub_
miscanthus.pdf [Accessed 4 April 2011].
Antle, J., et al., 2003. The tradeoﬀ analysis approach: lessons from Ecuador and Peru.
Quarterly journal of international agriculture, 42 (2), 189–206.
Bateman, I., et al., 2011. Economic analysis for ecosystem service assessments. Journal of
Environmental and Resource Economics. Springer. [online] Available from: http://
www.ceaa-acee.gc.ca/050/documents/48612/48612E.pdf [Accessed 11 May 2011].
Bellamy, P., et al., 2009. The impact of growing miscanthus for biomass on farmland bird
populations. Biomass and bioenergy, 33 (2), 191–199.
BERR (Department of Business, Enterprise and Regulatory Reform), 2009. The planning and
Environmental Impact Assessment (EIA) process, from the planning process in England.
[online] Available from: http://webarchive.nationalarchives.gov.uk/+/http://www.berr.
gov.uk/energy/sources/renewables/planning/process/england/page18681.html [Accessed
29 January 2010].
Bond, A., et al., 2011. Learning how to deal with values, frames and governance in
sustainability appraisal, Regional studies, 45 (8), 1157–1170.
Burgess, P.J., et al., 2012. A framework for reviewing the trade-oﬀs between renewable energy,
food, feed and wood production at a local level. Renewable and sustainable energy reviews,
16, 129–142.
Coleby, A., Miller, D., and Aspinall, P., 2008. Public attitudes and participation in wind
farm development. Journal of environmental assessment policy and management, 11 (1),
69–95.
Dale, V. and Polasky, S., 2007. Measures of the eﬀects of agricultural practices on ecosystem
services. Ecological economics, 64, 286–296.
de Groot, R., 2006. Function-analysis and valuation as a tool to assess land use conﬂicts in
planning for sustainable multi-functional landscapes. Landscape and urban planning, 75,
175–186.
de Groot, R.S., Wilson, M.A., and Boumans, R.M.J., 2002. A typology for the classiﬁcation,
description and valuation of ecosystem functions, goods and services. Ecological
economics, 41, 393–408.
DEFRA (Department for Environment, Food and Rural Aﬀairs), 2007a. Securing a healthy
natural environment: an action plan for embedding an ecosystems approach. PB12853.
London: DEFRA.
DEFRA, 2007b. An introductory guide to valuing ecosystem services. [online] Available from:
http://archive.defra.gov.uk/environment/policy/natural-environ/documents/eco-valuing.
pdf [Accessed 5 March 2010].
DEFRA, 2011a. UK national ecosystem assessment. [online] Available from: http://
www.defra.gov.uk/environment/natural/uknea/ [Accessed 4 June 2011].
DEFRA, 2011b. Multi-Agency Geographic Information for the Countryside (MAGIC). [online]
Available from: http://magic.defra.gov.uk/ [Accessed 5 March 2010].
Deryng, D., et al., 2011. Simulating the eﬀects of climate and agricultural management
practices on global crop yield. Global biogeochemical cycles, 25, 1–18.
Dobbs, C., Escobedo, F., and Zipperer, W., 2011. A framework for developing urban forest
ecosystem services and goods indicators. Landscape and urban planning, 99, 196–206.
Dunn, R., 2010. Mapping of ecosystem disservices: the unspoken reality that nature
sometimes kills us. Biotropica, 42, 555–557.

Downloaded by [Colmex] at 17:38 11 April 2013

382

A.M. Coleby et al.

European Commission, 2001. Guidance on EIA. EIS review, June 2001. [online] Available
from: http://ec.europa.eu/environment/eia/eia-guidelines/g-review-full-text.pdf [Accessed
1 February 2010].
European Commission, 2003. Directive 2003/35/Ec of the European Parliament and of the
Council of 26 May 2003 providing for public participation in respect of the drawing up of
certain plans and programmes relating to the environment and amending with regard to
public participation and access to justice. Council Directives 85/337/EEC and 96/61/EC
[online] Available from: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri¼OJ:L:
2003:156:0017:0024:EN:PDF [Accessed 1 February 2010].
European Commission, 2007. The Habitats Directive. Consolidated version. [online] Available
from: http://ec.europa.eu/environment/nature/legislation/habitatsdirective/index_en.htm
[Accessed 17 June 2011].
European Commission, 2009. On the application and eﬀectiveness of the EIA Directive
(Directive 85/337/EEC, as amended by Directives 97/11/EC and 2003/35/EC). [online]
Available from: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri¼COM:2009:
0378:FIN:EN:PDF [Accessed 1 February 2010].
European Environment Agency, 2006. How much bioenergy can Europe produce without
harming the environment? EEA Report No. 7/2007. Luxembourg: Oﬃce for Oﬃcial
Publications of the European Communities.
European Union, 2005, 2005. 2005/370/EC: Council Decision of 17 February 2005 on the
conclusion, on behalf of the European Community, of the Convention on access to
information, public participation in decision-making and access to justice in environmental
matters. [online] Available from: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?
uri¼OJ:L:2005:124:0001:0003:EN:PDF [Accessed 1 February 2010].
Forestry Commission, 2009. Environment Impact Assessment of forestry projects. Edinburgh:
Forestry Commission. [online] Available from: http://www.forestry.gov.uk/pdf/wgseia.
pdf/$FILE/wgseia.pdf [Accessed 4 April 2011].
Graves, A., et al., 2010. Implementation and calibration of the parameter-sparse Yield-SAFE
model to predict production and land equivalent ratio in mixed tree and crop systems
under two contrasting production situations in Europe. Ecological modelling, 221, 1744–
1756.
Haines-Young, R., 2009. Land use and biodiversity relationships. Land use policy, 26(S1),
S178–S186.
Higgs, G., et al., 2008. Using IT approaches to promote public participation in renewable
energy planning: prospects and challenges. Land use policy, 25 (4), 596–607.
Holt, A. and Hattam, C., 2009. Capitilising on nature: how to implement an ecosystems
approach. Biology Letters, 5, 580–582.
Holzschuh, A., et al., 2011. Expansion of mass-ﬂowering crops leads to transient pollinator
dilution and reduced wild plant pollination. Proceedings of the Royal Society B. [online]
Available from: http://rspb.royalsocietypublishing.org/content/early/2011/04/01/rspb.
2011.0268.full [Accessed 2 June 2011].
House of Lords, European Union Committee, 2008. 27th Report of Session 2007–08. The EU’s
target for renewable energy: 20% by 2020. Volume I: Report 1-58. Published by the
Authority of the House of Lords. London: The Stationery Oﬃce. [also online] Available
from: http://www.publications.parliament.uk/pa/ld200708/ldselect/ldeucom/175/175.pdf
[Accessed 4 April 2011].
Howard, D., et al., 2009. The impact of sustainable energy production on land use in Britain
through to 2050. Land use policy, 26S, S284–S292.
Hubacek, K., et al., 2009. Ecosystem services in dynamic and contested landscapes: the case of
UK uplands. In: M. Winter and M. Lobley, eds. What is land for? The food, fuel and
climate change debate. London: Earthscan, 167–188.
ICSU (International Council for Science), 2008. ICSU-UNESCO-UNU (2008). Ecosystem
change and human well-being: research and monitoring priorities based on the Millennium
Ecosystem Assessment. Paris: ICSU.
IISD (International Institute for Sustainable Development), 2007. The Millennium Ecosystem
Assessment (MEA). Measurement and assessment. [online] Available from: http://
www.iisd.org/measure/practical/mea.asp [Accessed 2 February 2010].

Downloaded by [Colmex] at 17:38 11 April 2013

Journal of Environmental Planning and Management

383

Kroeger, T. and Casey, F., 2007. An assessment of market-based approaches to providing
ecosystem services on agricultural lands. Ecological economics, 64, 321–332.
Leemans, R., et al., 1996. Mitigation: cross-sectoral and other issues. In: R.T. Watson et al.,
eds. Climate change 1995 – Impacts, adaptation and mitigation of climate change: scientiﬁctechnical analyses. Contribution of Working Group II to the Second Assessment Report of
the Intergovernmental Panel on Climate Change (IPCC). Cambridge University Press,
799–822.
Metzger, M., et al., 2006. The vulnerability of ecosystem services to land use change.
Agriculture, ecosystems and environment, 114, 69–85.
MEA (Millennium Ecosystem Assessment), 2005. Ecosystems and human well-being. Synthesis
report. Washington, DC: Island Press, 1–155. [online] Available from: http://www.
millenniumassessment.org/documents/document.356.aspx.pdf [Accessed 29 January
2010].
Natural England, 2007. Guidance on EIA (Agriculture) (England) (No. 2) Regulations 2006.
[online] Available from: http://www.naturalengland.org.uk/Images/eiaguidance0307_
tcm6-6272.pdf [Accessed 29 January 2010].
Paetzold, A., Warren, P., and Maltby, L., 2010. A framework for assessing ecological quality
based on ecosystem services. Ecological complexity, 7 (3), 273–281.
Parry, M., et al., 1996. Integrating global and regional analyses of the eﬀects of climate
change: a case study of land use in England and Wales. Climatic change, 32, 185–198.
Pearce, D., 2005. Ch. 3. What constitutes a good agri-environmental policy evaluation? In:
OECD, eds. Evaluating agri-environmental policies: design, practice and results. Paris:
OECD (Organisation for Economic Co-operation and Development), 71–97.
Purvis, G., et al., 2009. Conceptual development of a harmonised method for tracking change
and evaluating policy in the agri-environment: the Agri-environmental Footprint Index.
Environmental science and policy, 12, 321–337.
Queen’s Bench Division, 2005. Department for Environment, Food and Rural Aﬀairs v
Alford. Administrative Court, Divisional Court. [2005] EWHC 808 (Admin). Journal of
environmental law, 17 (3), 395–411.
Reed, M., 2008. Stakeholder participation for environmental management: a literature review.
Biological conservation, 141, 2417–2431.
Reed, M., et al., 2009. The futures of the uplands. Land use policy, 26 (1), 204–216.
Rounsevell, M., Dawson, T., and Harrison, P., 2010. A conceptual framework to assess the
eﬀects of environmental change on ecosystem services. Biodiversity conservation, 19 (10),
2823–2842.
Rowe, R.L., Street, N.R., and Taylor, G., 2009. Identifying potential environmental impacts
of large-scale deployment of dedicated bioenergy crops in the UK. Renewable and
sustainable energy reviews, 13, 271–290.
Sage, R., et al., 2010. The environmental impacts of biomass crops: use by birds of miscanthus
in summer and winter in southwestern England. Ibis, 152 (3), 487–499.
Searchinger, T., et al., 2008. Use of US croplands for biofuels increases greenhouse gases
through emissions from land-use change. Science, 319, 1238–1240.
Sherrington, C., Bartley, J., and Moran, D., 2008. Farm level constraints on the domestic
supply of perennial energy crops in the UK. Energy policy, 36 (7), 2504–2512.
Slootweg, R. and Kolhoﬀ, A., 2003. A generic approach to integrate biodiversity
considerations in screening and scoping for EIA. Environmental impact assessment review,
23 (6, October), 657–681.
Slootweg, R., et al., 2006. Biodiversity in EIA and SEA. Background document to the
Convention on Biological Diversity (CBD) Decision VIII/28. Voluntary guidelines on
biodiversity inclusive impact assessment, 26. [online] Available from: http://www.cbd.int/
doc/publications/imp-bio-eia-and-sea.pdf [Accessed 29 January 2010].
Slootweg, R., et al., 2009. Biodiversity in environmental assessment – enhancing ecosystem
services for human well-being. Ecology, Biodiversity and Conservation Series. Cambridge
University Press.
Smeets, E., Lewandowski, I., and Faaij, A., 2008. The economical and environmental
performance of miscanthus and switchgrass production and supply chains in a European
setting. Renewable and sustainable energy reviews, 13 (6–7), 1230–1245.

Downloaded by [Colmex] at 17:38 11 April 2013

384

A.M. Coleby et al.

Spiertz, H. and Ewert, F., 2009. Crop production and resource use to meet the growing
demand for food, feed and fuel: opportunities and constraints. NJAS–Wageningen.
Journal of Life Sciences, 57, 149–157.
Swinton, S., et al., 2007. Ecosystem services and agriculture: cultivating agricultural
ecosystems for diverse beneﬁts. Ecological economics, 64, 245–252.
Thyø, K. and Wenzel, H., 2007. Life cycle assessment of biogas from maize silage and from
manure – for transport and for heat and power production under displacement of natural gas
based heat works and marginal electricity in northern Germany. Institute for Product
Development Aalborg Report 1–47. Aalborg: Institute for Product Development.
Tuck, G., et al., 2006. The potential distribution of bioenergy crops in Europe under present
and future climate. Biomass & bioenergy, 30, 183–197.
Turner, R.K., Georgiou, S., and Fisher, B., 2008. Valuing ecosystem services: The case of
multi-functional wetlands. London: Earthscan.
UK Government, 1993. Clean Air Act 1993. [online] Available from: http://www.legislation.
gov.uk/ukpga/1993/11/introduction [Accessed 2 May 2011].
UK Government, 1994. The Conservation (Natural Habitats, &c.) Regulations 1994. [online]
Available from: http://www.legislation.gov.uk/uksi/1994/2716/contents/made [Accessed 1
February 2010].
UK Government, 1999a. Oﬃce of Public Sector Information. The Town and Country Planning
(Environmental Impact Assessment) (England and Wales) Regulations 1999. Statutory
Instrument 1999 No. 293. [online] Available from: http://www.opsi.gov.uk/si/si1999/
19990293. htm [Accessed 29 January 2010].
UK Government, 1999b. The Environmental Impact Assessment (Forestry) (England and
Wales) Regulations 1999. [online] Available from: http://www.legislation.gov.uk/uksi/
1999/2228/contents/made [Accessed 29 January 2010].
UK Government, 2000. The Pollution Prevention and Control (England and Wales)
Regulations 2000. [online] Available from: http://www.legislation.gov.uk/uksi/2000/1973/
contents/ made [Accessed 15 January 2011].
UK Government, 2001. Statutory Instrument 2001 No. 3966 AGRICULTURE, ENGLAND
The Environmental Impact Assessment (Uncultivated Land and Semi-natural Areas)(England) Regulations 2001, p. 2. [online] Available from:http://www.legislation.gov.uk/uksi/
2001/3966/pdfs/uksi_20013966_en.pdf [Accessed 1 February 2001].
UK Government, 2004. Freedom of Information Environmental Protection.The Environmental
Information Regulations 2004. Statutory Instruments 2004 No. 3391. 1–16.
UK Government, 2005. The Environmental Impact Assessment (Uncultivated Land and Seminatural Areas)(Amendment)(England) Regulations 2005 1–4. [online] Available from:
http://www.legislation.gov.uk/uksi/2005/1430/contents/made [Accessed 1 February 2010].
UK Government, 2006a. The Environmental Impact Assessment (Forestry) (England and
Wales) (Amendment) Regulations 2006. [online] Available from: http://www.legislation.
gov.uk/uksi/2006/3106/contents/sld/made [Accessed 1 February 2011].
UK Government, 2006b. The Environmental Impact Assessment (Agriculture) (England)
(No.2) Regulations 2006. [online] Available from: http://www.legislation.gov.uk/uksi/
2006/2522/contents/made [Accessed 16 June 2011].
UK Government, 2007. Environmental Permitting (England and Wales) Regulations 2007
(amended from 2000). [online] Available from: http://www.legislation.gov.uk/uksi/2007/
3538/pdfs/uksi_20073538_en.pdf [Accessed 4 April 2011].
UK Government, 2008. Oﬃce of Public Sector Information. The Planning Act 2008. [online]
Available from: http://www.legislation.gov.uk/ukpga/2008/29/pdfs/ukpga_20080029_en.
pdf [Accessed 29 January 2010].
UK NEA, 2011. National Ecosystem Assessment, synthesis of key ﬁndings. [online] Available
from: http://uknea.unep-wcmc.org/Resources/tabid/82/Default.aspx [Accessed 16 June
2011].
UK Parliament, 2011. Ecosystem service valuation, POSTNOTE 378 May 2011. The
Parliamentary Oﬃce of Science and Technology, 1–4.
US Environmental Protection Agency, 2011. Summary of the National Environmental Policy
Act (NEPA) (1969). [online] Available from: http://www.epa.gov/lawsregs/laws/nepa.
html [Accessed 4 April 2011].

Journal of Environmental Planning and Management

385

Downloaded by [Colmex] at 17:38 11 April 2013

Upham, P., 2009. Applying environmental-behaviour concepts to renewable energy siting
controversy: reﬂections on a longitudinal bioenergy case study. Energy policy, 37, 4273–
4283.
van der Horst, D., 2007. NIMBY or not? Exploring the relevance of location and the politics
of voiced opinions in renewable energy siting controversies. Energy policy, 35, 2705–2714.
van der Horst, D., 2008. Social enterprise and renewable energy: emerging initiatives and
communities of practice. Social enterprise journal, 4 (3), 171–185.
van der Werf, W., et al., 2007. Yield-SAFE: a parameter-sparse process-based dynamic model
for predicting resource capture, growth and production in agroforestry systems. Ecological
engineering, 29, 419–433.
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