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EXECUTIVE SUMMARY

Background and objectives of the study

There is increasing global awareness, through studies such as the Millennium Ecosystem
Assessment and the initiative on The Economics of Ecosystems and Biodiversity (MA, 2005;
TEEB, 2008, 2009), of the important benefits that ecosystem services provide to humankind.
This has also been recognised in Europe, where there is a growing political ambition to
maintain and where necessary restore or enhance ecosystem services. This ambition is
reflected in the EU biodiversity strategy (COM (2006) 216) and is reinforced in the proposals
for a new EU post-2010 biodiversity target, which explicitly refer to ecosystem services as
well as biodiversity (COM (2010) 4 finall).

This study was commissioned by the European Commission to contribute to the delivery of
four key ecosystem services, namely the provision of food, water (in terms of quality and
quality), soil carbon (in particular soil organic matter) and biodiversity”. These are hereafter
referred to as the land services. Its overall purpose was to develop an approach at the EU level
for the protection of these land services, against the background of changing land use and
climate change. In particular, it aimed to establish recent trends and likely future changes in
land use in the EU up to 2030, and how these may impact on the land services through the
following four key pressures:

¢ Soil sealing (i.e. making the upper layer of the soil impermeable through the use of
asphalt, concrete or similar materials that prevent or severely restrict the exchange of
water and gases between the soil and the atmosphere).

e Habitat fragmentation, including the loss of biodiversity corridors (i.e. land areas
and associated habitats that functionally connect patches of suitable habitat for plants
and animals).

e Land intensification and marginalisation (i.e. intensification being an increase in
agricultural inputs for the purpose of increasing productivity; marginalisation being
defined in this study as the reverse of intensification, which leads to extensification
and in some cases agricultural abandonment3).

¢ The loss of permanent grassland, which often results from land intensification in the
sense of arable conversion or reseeding of permanent grassland or abandonment of
agriculture (with permanent grassland being defined in this study as all farmland under
grass or herbaceous forage that has not been in an arable rotation for 5 years or
more?).

I http://ec.europa.eu/environment/nature/biodiversity/policy/pdf/communication_2010_0004.pdf

2 In itself biodiversity is not a service, but underpins supporting, regulatory, provisioning and cultural services.
However, it was treated as a service in this study.

3 Strictly speaking marginalisation is a process driven by a combination of social, economic, political and
environmental factors, by which the management of certain areas of farmland cease to be viable under existing
land use and socio-economic structures. This can in fact lead to intensification or extensification and
abandonment.

4 In accordance with the definition of ‘permanent pasture’ in EU Regulation 793/2009 on direct CAP support for
farmers. But permanent grassland can in fact be defined in many ways, with ecological definitions typically
referring to much older grasslands.
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The final objective of the project was to draw together assessments of likely land use changes
and resulting pressures in Europe in the coming years to provide an integrated evaluation of
potential impacts on the four land services. This has led to a set of recommendations (that
take into account existing legislation and other policy instruments) that provide an outline
blueprint of how land services might best be protected from the potential future threats
identified in this study.

The following sections summarise this study’s results relating to:

e observed and projected land use changes in the EU;

¢ the implications of these projected changes in terms of soil sealing and its impacts on
land services, and habitat fragmentation and its impacts on biodiversity;

e assessments of the effectiveness of biodiversity corridor initiatives that aim to
mitigate the impacts of fragmentation;

e assessments of policy instruments that may reduce the impacts of intensification/
marginalisation (including the loss of permanent grassland) on land services, and
overall likely impacts of intensification/ marginalisation on land services; and

¢ key recommendations for maintaining and restoring land services.

Analysis of land cover trends and projections of land use for the next 25 years

The first stage of this study is an analysis of land cover trends in the EU (using HISLU60 and
Pan-European Land Cover Mosaic datasets) over two time periods: 1960-1990 and 1990-
2000. This revealed that there were dramatic overall changes in land cover in the EU-27
between 1960 and 1990, which led in particular to substantial losses of grassland (from 19%
to 7% cover) and increases in forest cover (from 25% to 33% cover), and a smaller but
significant increase in arable land (from 38% to 40% cover). Forest expansion was associated
with significant losses of grasslands in many parts of Europe, including central Europe, parts
of France, the UK and Portugal, and northern Spain.

Over the following 10 years, the rates of change in land cover declined considerably such that
there were only relatively small declines in arable land and grassland, and virtually no change
in other land cover types other than urban areas. It is difficult to quantify pre-1990 urban land
cover accurately but the available data suggest that there was considerable urban growth from
1960 to 1990, which continued after 1990 but at a slower rate. Loss of agricultural land to
urban development has been most prevalent in north-western Europe but it has only affected a
small proportion of land.

Superimposed on the broad changes in land cover were changes in agricultural land use in
terms of intensification and abandonment. These changes are more difficult to measure and
map, and therefore past trends in these processes are uncertain. However, available
information suggests that over the last few decades abandonment has been relatively
widespread in areas with extensive production and small farms, especially in mountainous
regions and/or on poor soils. Abandonment seems to have been most common in the Alps,
Pyrenees, Portugal, central Spain, Sardinia, the former GDR, the Baltic States and parts of
eastern Europe. Abandonment also occurred sporadically and at various times in parts of
north-west Europe including Ireland, Denmark and the Netherlands, but was very often
localised and relatively small-scale.

Intensification indicators suggest that over the 1990-2000 period, the main areas of
intensification were in Ireland, Spain and parts of North Western Europe, and during the later
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part of the decade in the former GDR, Hungary, and the Baltic States (following earlier
extensification and widespread abandonment of agriculture).

Looking to the future, as a result of expected trends in land use drivers (see below) and policy
responses, it is likely that there will be major changes in Europe over the coming few
decades, particularly in the spatial patterns of agricultural land use and intensity of
agricultural practices. This study therefore sought to identify potential land uses changes up
to 2030 in the EU-27 through spatially-specific land use modelling (using a chain consisting
of GTAP, IMAGE and CLUE models). The main external driving factors specified as input to
the models were demographic changes, overall economic development (GDP), technological
change and policy measures. These factors were set according to the chosen reference
scenario of “Bl global cooperation” based on the IPCC Special Report on Emission
Scenarios (IPCC, 2000)5. It is therefore important to note that the projections from this study
are not predictions of what is likely, but what may happen according to one set of plausible
assumptions.

According to the modelled projections of land use change the main areas of future
intensification in the EU up to 2030 are expected to occur in the EU-12 Member States,
especially the Baltic States, because there is considerable scope for further investment,
restructuring and technological improvements in the agriculture sector in the region. There
are large areas of High Nature Value® (HNV) farmland in these countries, but it appears likely
that these will be more at risk of abandonment than intensification (although this is a
possibility following restructuring of farm holdings).

Losses of permanent grassland as a result of both intensification and abandonment are
projected to be widespread across the EU, with particularly large declines predicted in
Portugal, Greece, Spain and Estonia.

It was not considered appropriate to quantify abandonment given the high levels of
uncertainty in assumptions and the degree to which land owner decisions will actually be
directly linked to economic drivers. Nevertheless, from an inspection of the maps of projected
land use change, under the B1 scenario, it is obvious that abandonment will be widespread,
particularly in Spain and Portugal, parts of Finland and Sweden, highland areas of France,
Italy, central Europe, Romania, Bulgaria and the UK, and parts of Greece. This is consistent
with previous studies, which indicated that the regions most susceptible to marginalisation are
those where extensive farming and small-scale farming is predominant. It is also of concern
that HNV farmland areas (which are important for biodiversity) will be particularly affected
by land abandonment, according to the detailed analysis carried out in this study. The
incremental projected land use changes indicate that by 2030, 9.0% of non-irrigated arable
land within HNV areas may become (semi-) natural vegetation and 10.9% may turn into
recently abandoned arable land. The projected abandonment trend for HNV pasture is even

5> The B1 scenario has been further developed for Europe by Westhoek et al (2006) and combines a global
orientation with a preference for social, environmental and broadly defined economic goals (i.e. more than
simple profit). Governments are considered to be actively regulating and ambitiously pursuing goals related to,
for example, equity, environmental sustainability and biodiversity.

6 HNV farmland includes arable farmland, grazing land and permanent crops that support important biodiversity,
typically because of their low intensity, presence of semi-natural vegetation and habitat diversity; they are
often an integral part of extensive livestock farming systems.
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greater, with 20.4% developing into recently abandoned pasture, and 7.7% developing further
into semi- natural vegetation’. Of existing semi-natural vegetation, 17.3% is projected to
develop into forest.

Soil sealing: trends, projections, policy instruments and likely impacts on land services
Soil sealing was observed to result in a loss of suitable land for arable cropping and
permanent grassland amounting to 1% of the land area per annum in EU countries in the
period from 1990 to 2000. Similar overall losses from soil sealing are projected for 2000-
2030 under the B1 reference scenario. The largest projected impacts on the loss of land
capable of food production are likely to occur in the Netherlands (3.0% loss of arable crop
area and 3.2% loss of permanent grassland) and in the UK (1.5% losses of both arable land
and permanent grassland). This is a result of the relatively high projected growth rate of built-
up areas, and the high percentage of land suitable for food production in the areas likely to be
converted. Although the projected loss of land suitable for agriculture is relatively small
compared to the total stock of agricultural land in the EU27, the loss may nevertheless be
significant in terms of net primary productivity.

Averaged over the EU, the effective soil water storage capacity decreased as a result of soil
sealing by 0.5% in the period 1990-2000, and is projected to decrease by a further 0.8%
between 2000 and 2030.

The projections suggest that the impacts of soil sealing on biodiversity will be generally
relatively small, due to the low biodiversity value of areas that are most typically affected by
soil sealing.

Due to the high variability of soil organic carbon in urban areas and lack of sufficient studies
it is difficult to make generalizations on the likely impacts of soil sealing on carbon stocks.
However, it is estimated that soil sealing in the period 1990-2000 resulted in a loss of 4.6
Mton C in 23 EU countries, which is equivalent to an annual emission of 1.7 Mton CO,. The
highest losses occurred in northwest Europe (i.e. the Netherlands and Germany). For the
period 2000-2030 soil organic carbon losses due to soil sealing are projected to decline
substantially to an annual emission equivalent of 0.7 Mton CO,.

Analysis of the effects of projections of land use change on habitat fragmentation and its
subsequent impact on the provision of land services

The implications of this study’s projections of land use change up to 2030 on habitat
fragmentation were examined in the context of proposals for biodiversity corridors, using the
spatial connectivity model LARCH. On the basis of maps of projected changes in land cover
and of expected road networks and traffic densities, functional habitat networks were
identified for generic species groups (‘ecoprofiles’) for forest habitats, wetland habitats and
semi-natural habitats (other than wetlands and forests). However, the absence of high
resolution and detailed spatial data on the distribution of detailed habitat types hampered the
quantification of projected European scale habitat fragmentation impacts.

Nevertheless, despite the data limitations, it is clear that the combined effects of the projected
land use changes and increases in road traffic densities will most probably have large negative
impacts on the connectivity / corridor functions of important natural habitats in large parts of

7 The model is based on CORINE categories and therefore some HNV pastures are included in the projections
for pasture and others for semi-natural habitats.
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the EU, especially in areas with mixed landscapes, unless mitigated or compensated for
through additional connectivity conservation actions. The countries where the impacts of
fragmentation are likely to be greatest on species that depend on forest habitats are Latvia,
Lithuania, Poland, the Czech Republic and Slovakia. Fragmentation of non-wetland semi-
natural habitats is likely to be greatest in southern Europe (except Italy). Due to data
constraints fragmentation impacts on species of wetland habitats could not be reliably
assessed.

A visual analysis was carried out of the congruence between areas that are important for
connecting existing functional habitat networks (as revealed by the LARCH model maps) and
maps of national and regional plans for ecological networks. This suggested that there was
mostly a broad match between plans and the important connectivity zones as indicated by the
LARCH model. However, the plans and available habitat maps are too general to assess the
potential adequacy of the proposed ecological networks. Moreover, it is difficult to assess the
actual contribution that the proposed ecological networks can be expected to make to
maintaining and restoring functional connectivity, because (as discussed below) few
ecological network initiatives have been adequately implemented to date. Nevertheless it is
clear that current connectivity conservation measures in most EU Member States are
insufficient to overcome existing and expected fragmentation impacts. Further action is also
undoubtedly required to reduce the underlying drivers of fragmentation, in particular the
growth of transport infrastructure and other causes of habitat losses in the wider environment.

The effects of policy instruments and ecological network initiatives on habitat
fragmentation

The maintenance and restoration of biodiversity corridors, usually as part of an ecological
network, has been long proposed as an approach to tackling fragmentation. But despite the
development of numerous proposals for ecological networks, few appear to have been
adequately implemented and there is little evidence that the corridor components of these
networks have provided significant biodiversity conservation benefits. This study therefore
examined the following nine ecological network case studies (through a questionnaire survey
and workshop with practitioners): Cheshire (UK), the Czech Republic, Estonia, Schleswig-
Holstein (Germany), Flanders (Belgium), Finland, the Netherlands, and Lithuania. These
were selected because they are established initiatives that reflect a range of approaches and
degrees of successful implementation. The aim was to assess their achievements and identify
factors that helped or hindered them.

The review highlighted the importance of developing and agreeing clear biodiversity and
broader objectives for biodiversity corridors and ecological networks. To achieve ecological
goals, it is vital that each corridor is designed with the needs of a particular species or sets of
species in mind, and is based on principles of sound scientific evidence. The design should
also be very clear about why connectivity is necessary (e.g. for facilitating migration or
linking small isolated populations), and focus on addressing these needs. It should also be
remembered that ecological corridors are but one approach to tackling fragmentation. For
example, there is good evidence that fragmentation impacts can often be reliably addressed
by firstly protecting, increasing and enhancing important core areas of habitat.

The case studies also revealed that most effort has often been put into the design of the
proposed networks rather than their implementation, with the result that they exist more on
paper than in practice. This is mainly because most network proponents have limited powers
and/or capacity to protect, manage and restore habitats. In many cases network maps have
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been incorporated into spatial plans, and where biodiversity benefits have occurred these have
mostly been through the legal protection of existing habitats in core areas and biodiversity
corridors. Legal protection of the network components is therefore very important, and should
include measures ranging from strict legal protection for the most important habitats and
features to indicative planning guidance maps for corridors of lesser or substitutable
importance. However, in practice effective protection rarely extends beyond existing
protected areas. The implementation of ecological networks, and especially the maintenance
and restoration of corridor components, is therefore highly dependent on the support of
landowners and available funding, but this is often hampered by inadequate or ill-timed
consultation with stakeholders.

A related problem is that some network initiatives are focussed on relatively narrow
ecological objectives, and therefore lack wide support from the public and other stakeholders.
Network proponents should therefore look for opportunities to create local partnerships at an
early stage, to identify and work towards mutually beneficial goals and multi-functional uses
of areas where these are compatible with biodiversity conservation objectives (for example
recreation or water protection). Achievable aims and a clear vision should then be agreed, to
guide the design of the network and to help communicate the network’s potential benefits.

Network proponents also need to consider the technical capacity and resources required to
implement plans on the ground (such as land purchase or agreements with land owners to
restore and manage habitats). Securing adequate funding and targeting it at the most cost-
effective actions in core areas and biodiversity corridors is therefore of prime importance.

This study also found that there is very little monitoring and evaluation of the practical
implementation of ecological network actions and their actual ecological outcomes (e.g. in
terms of benefits to populations of particular species). This is considered to be a significant
weakness, because monitoring and evaluating the implementation of both policy interventions
and ecological impacts facilitates adaptive management and provides an evidence-base to
support further actions and network proposals.

Drivers and policies that influence intensification, marginalisation and the loss of
permanent grassland

An examination of the drivers of agricultural change and policy interventions that potentially
affect the delivery of the land services was carried out to establish whether there is a need to
review EU policy design and implementation. This highlighted that European farmers are
increasingly exposed to a range of influences including a rising global demand for agricultural
products and bioenergy, technological changes, trade liberalisation and climate change. These
influences are linked to significant recent reforms of the CAP, likely to be continued in 2013.
At the moment there is period of consolidation and adjustment, as farmers adapt to the
introduction of decoupled Pillar 1 payments (i.e. no longer linked to production) and Member
States address the ‘new challenges’ that were agreed in the CAP health check of 2008.

Existing trends of specialisation and the exploitation of economies of scale are expected to
continue, as production moves towards the most competitive (and climatically favourable)
parts of Europe, with intensification likely in parts of the EU-12. Arable production is
expected to increase, but profitability of the beef, dairy, sheep and goat sectors will probably
decline, with the result that production becomes concentrated in fewer, larger units on fertile
land, while the numbers of grazing livestock decline elsewhere. There will be some partial or
complete abandonment of marginal grassland (although as described above, the extent of this
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is uncertain). On these assumptions, and given the large number of older farmers who will
retire over the next decade or so, many HNV grazing systems will not survive, and those that
do will probably require significant long-term public funding.

It is clear that the CAP framework already has a number of policy instruments that could be
used to alleviate the negative impacts of intensification and marginalisation (and associated
losses of permanent grassland), in particular, GAEC8 cross-compliance requirements for
receipt of payments, and agri-environment schemes and other Pillar 2 environmental
measures. Requirements under the Water Framework Directive may also lead to new actions
that will help to address the impacts of intensification. However, although the cross-
compliance requirements on conversion of permanent grassland should limit total losses at the
Member State level nationally, they offer no specific protection for habitats of high
biodiversity importance (including old semi-natural grasslands). Furthermore, the leverage
exerted by cross-compliance requirements could gradually weaken in the EU-15 Member
States as assuming that Pillar 1 payment rates per hectare decline after 2013. Another
challenge will be the rising cost of Pillar 2 environmental support, as a result of the relative
profitability of arable and intensive dairy farms and the marginalisation of small, low-
intensity livestock and permanent cropping farms. Without significant changes in budget
allocations this could reduce the scope, coverage and effectiveness of agri-environment
schemes.

Assessment of impacts of intensification / marginalisation and loss of permanent
grassland on land services

It is evident from this study that the impacts of land use drivers and policies is very context-
dependent, therefore leading to intensification in one place and to structural or land use
change in another, or to loss of grassland on some farms but improved biodiversity
management elsewhere. These variations make it difficult to draw EU wide conclusions on
impacts of the drivers on land services, which has implications for both the design and
implementation of policies. Furthermore, there are few EU datasets that are sufficiently
consistent and complete to enable quantitative assessments of impacts on land services. In
particular it is not possible to quantify overall impacts on food production, as expected
increases from intensification in some parts of the EU may be offset to some extent by the
expected decline in total agricultural area. There may also be some negative impacts on food
production as a result of climate change and ongoing soil degradation and erosion (which may
be exacerbated by climate change). Nevertheless, there is little indication that there will be
potentially significant declines in overall production that could contribute to food shortages or
food security issues in the EU.

There is, however, good evidence that the projected intensification of conventional
agricultural systems will contribute to further losses of soil carbon, and reductions in soil
water retention and water quality. This may be mitigated to some extent by improved farming
practices and technology, and extensification and abandonment of farming in some areas,
especially where these coincide with erosion prone soils. It is not possible to quantify these
changes or establish the net impact resulting from intensification in some areas and
marginalisation in others.

8 Good Agricultural and Environmental Condition, as defined by Member States within the framework in Annex
IIT of Regulation 73/2009
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There is also little doubt that this study’s projected levels of intensification/marginalisation
and associated losses of permanent grassland would have significantly detrimental impacts on
biodiversity. These impacts are likely to be most significant in central and eastern Europe,
because agricultural production in these areas is most likely to be intensified or abandoned,
and these areas hold a high proportion of remaining HNV habitats and associated species of
conservation importance in the EU. In some situations abandonment could provide some
biodiversity benefits, particularly if combined with strategic and proactive habitats restoration
measures, but overall, abandonment is expected to be an ongoing significant threat to
biodiversity in the EU.

Assessment of overall impacts of pressures on land services

The final analytical component of the study attempted to provide an overall assessment of the
combined impacts of each of the considered pressures on the four land services. Due to
substantial data gaps and difficulties with matching datasets it was not possible to provide a
quantitative assessment of combined impacts. However, semi-quantitative judgements on
overall impacts were made by drawing on and assimilating all the results of this study.

It was not possible to assess and quantify in a meaningful way the likely overall net change in
food production in the EU as a result of the projected changes in agricultural intensification
and land use (let alone the impacts of climate change and other indirect influences on food
production). Nevertheless, there is no clear evidence that the EU will face a risk of
undersupply of food. There may be some concern in this respect over the projected large-scale
abandonment of agricultural land, but this will mainly affect extensive grazing systems and
therefore meat and diary production losses will be relatively low. Indeed, the market
economics that drive marginalisation suggests that production losses from these systems will
be compensated by intensification elsewhere in the EU and/or displacement of production
outside the EU where this is more cost-effective.

It is evident that the four land-use related pressures considered in this study will continue to
have significant impacts on biodiversity in the EU. In particular, many of the most valuable
remaining areas of semi-natural habitat are likely to be threatened by agricultural
intensification or abandonment. Such impacts will be especially severe in parts of eastern
Europe where intensification will probably predominate in areas that are favourable for
agriculture, whilst abandonment will be commonplace in the extensive areas of HNV
farmland within the region. Abandonment will also be a significant threat to HNV farmland
habitats in southern and south-eastern Europe. Furthermore, these pressures will also interact
with each other. Fragmentation resulting from urbanisation and infrastructure developments
(which also causes soil sealing) will exacerbate expected losses and fragmentation of patches
of semi-natural habitat as a result of intensification and abandonment. The withdrawal of
extensive grazing as a result of abandonment is a particular concern, because of the potential
loss of valuable semi-natural grasslands to self-regenerating scrub and forest. Although it is
expected that some new semi-natural habitats will develop (such as woodland), without
strategic placement and proactive restoration management, most will be of low biodiversity
value, at least for many decades. All of the pressures on biodiversity will be further
exacerbated by climate change, which will make habitats and species more susceptible to the
impacts of habitat loss, degradation and fragmentation.

In conclusion, there is little doubt that terrestrial biodiversity will continue to decline in the

EU as a result of these pressures, and therefore any potential post-2010 target of halting
biodiversity loss, or even reducing the rate of loss, will be very difficult to achieve without
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further urgent, widespread and more effective actions that effectively address the key
pressures on biodiversity.

There is a body of existing evidence to indicate that soil sealing and agricultural
intensification (including the conversion of permanent pasture to more intensive temporary
grasslands) will have significantly detrimental impacts on water quality and (to a lesser
extent) water retention and soil carbon levels. Fragmentation may also have small detrimental
impacts on these services (e.g. by reducing interception of nutrient-rich runoff and spray
drift). In contrast, environmentally sensitive farming practices, extensification and
abandonment can reverse these impacts. Indeed, there is considerable scope for increasing the
provision of clean water and carbon storage and sequestration through better strategic
planning of land uses and improvements in land use practices. Moreover, such actions could
provide multiple “wins” including contributing to carbon emission reduction targets, water
resource provision and biodiversity conservation. And with the expected impacts of climate
change, such actions will be increasingly important contributions to climate change
adaptation.

Policy analysis and recommendations for measures to maintain and enhance land
services

A number of policy recommendations are made that aim primarily to avoid further losses of
the services provided by biodiversity, water and soil carbon, and secondly, to restore and
enhance these services where feasible; whilst avoiding significant impacts on net food
production capacity in the EU. They also aim to avoid the development of conflicting policy
measures, and instead identify measures that have multiple and potentially synergistic
benefits.

One of the main conclusions that can be drawn from this study is that the concept of “land
services” (like “ecosystem services”, of which it could be considered a component) is helpful
in challenging compartmental modes of thinking. It draws attention to the importance of
different forms of land management and the links between them and has value as an analytical
tool. However, in operational policy terms the various elements inside the circle described by
land services are rather disparate and straddle different policy fields. Therefore there seems to
be limited scope for general policy responses. Instead it seems more appropriate to enhance
awareness of the different dimensions of the challenge and direct action to a series of
relatively specific and not necessarily related policy domains. Consequently, the development
of a dedicated policy instrument for ecosystem services, such as a framework directive, does
not seem appropriate.

Furthermore, it is evident that a relatively strong and comprehensive framework of
environmental legislation and other instruments exist that can help to maintain and restore the
provision of the land services. Consequently, most recommendations focus on improving the
implementation of existing instruments. A few more ambitious policy proposals are made that
relate to, for example, coordinated implementation of instruments to provide ecosystem
services at a landscape or catchment scale, the strategic planning of land use and the
allocation of budgets. These suggestions are made because their potential benefits for land
services are considerable. But it is recognised that some are longer-term measures, requiring
considerably more analysis to develop practical and politically feasible proposals, followed by
full impact assessments.
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Adequate funding is of critical importance to the effectiveness of many policy instruments
and therefore some key broad recommendations relate to the EU budget. In particular it is
recommended that:

e The Commission should review opportunities to improve the effectiveness and integration
of the different elements of the EU budget that could be used to encourage and support the
provision of land services where these services are not likely to be provided by the
market.

e Sufficient budgetary resources should be secured for the CAP to deliver revised CAP
priorities for the provision of environmental services (see below), allocated between
Member States/ regions according to robust criteria appropriate to the CAP objectives.

e (Consideration should be given to the establishment of a new EU biodiversity fund to
address issues outside the scope of the CAP and CFP which are likely to be the principal
source of EU funding for biodiversity beyond 2013.

Many of the sectoral policy recommendations relate to the CAP, as this is the main EU policy
and funding instrument influencing land management practices in all Member States and
hence the provision of the land services. A recent report for DG Agriculture noted that there is
considerable unmet demand for environmental public goods that could be provided by
agriculture and could be met by use of policies within the CAP policy framework. Some of
the key CAP related actions considered necessary at EU and Member State level to maintain
and restore the land services are:

e Refocus the CAP beyond 2013 to include a core objective of delivering ecosystem
services on farmland that the market does not provide and ensure sufficient budgetary
resources are secured to provide these services at the necessary levels.

e  While cross-compliance remains a component of the CAP, keep farm-level requirements
updated with relevant new EU environmental legislation (especially on soils), provide
further guidance for Member States on GAEC implementation, and investigate the
potential consequences and effects of “Environmental Priority Areas” as a cross-
compliance requirement.

e Member States should provide better protection for species-rich permanent grassland from
intensification or conversion to other uses (including use for biofuel production).

e @Give higher priority to providing integrated packages of measures from both CAP Pillars
to support HNV farming systems that are delivering land services, and provide guidance
on this for Member States.

e Use CAP measures on a much larger scale to help intensive farming systems provide a
basic level of land services and incentivise further provision.

e Improve geographical targeting of policy measures; encourage landscape scale delivery;
intensify advisory and information services and tailor them to different farming systems
and land services.

e Develop, adapt and implement common monitoring and evaluation programmes, and
invest in data, to provide an evidence base for future policies on land services.

Of particular importance is the need to strengthen and better implement many existing
biodiversity policy measures. Although biodiversity underpins the provision of ecosystem
services this has not been sufficiently recognised to date, as a result many biodiversity
conservation measures have been weakly, slowly or incompletely implemented. As a result, in
part, the EU will fail to meet its 2010 target of halting the loss of biodiversity. It is therefore
recommended that:
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The Commission should develop and agree with the Member States a strong and binding
post-2010 target for halting and reversing biodiversity loss and related ecosystem services.
But most importantly, whatever target is adopted, it will be necessary for all Member
States and EU institutions to fully engage with and adhere to it to achieve the agreed
objectives for biodiversity and associated ecosystem services.

Greater encouragement should be given to the implementation of the EU Biodiversity
Action Plan, through cross-sectoral actions by EU institutions and Member States.
Member States should increase their efforts to establish management plans and measures
for Natura 2000 sites (and other areas of high biodiversity importance) and to integrate
these with the provision of other ecosystem services where there are mutual benefits. In
particular, opportunities to facilitate ecosystem-based adaptation to climate change should
be identified and acted on. This would help to justify increased targeting of Natura sites
and biodiversity under existing funding instruments, in particular agri-environment
schemes.

The Commission should further encourage Member States to implement Article 10 of the
Habitats Directive (and similar measures arriving from the provisions of the Birds
Directive), through the establishment of national frameworks for assessing functional
connectivity needs, and planning, integrating and implementing necessary actions.

An explicit target of no-net biodiversity loss from projects and programmes should be
included in a revised EU BAP, for individual projects and programmes. This could be
underpinned by the establishment of a habitat banking policy framework that supports and
regulates a habitat banking market involving developers who would purchase credits that
would then be used by landowners or land managers to enhance or create land areas for
biodiversity and ecosystem service gains.

Other key recommendations relate to a variety of sectoral actions and policies, including soil
policy, the Water Framework Directive, environmental impact assessments and planning.
With regard to these, some of the key actions put forward in the light of the challenges
considered in the report are:

Finalise a Soil Framework Directive that provides a mandate for action to address soils of
concern but also protects valuable soil functions giving adequate weight to issues such as
carbon sequestration, waste management and delivery of food/maintenance through
agriculture.

Review the Soil Thematic Strategy to examine successes since 2004/2005, taking account
of the shifting policy priorities including more effectively covering the protection of soil
functions in the light of issues arising in relation to agriculture, climate change and water
resources.

Ensure that during the implementation of the Water Framework Directive, river basin
management plans thoroughly consider impacts on water availability (quantity) as well as
quality and contribute to biodiversity and flood defence objectives.

Provide policy guidance that encourages Member States to ensure that relevant
biodiversity objectives are considered alongside Water Framework Directive and Flood
Directive objectives in river basin management plans and flood risk management plans.
Ensure the appropriate implementation of the Strategic Environmental Assessment and
Environmental Impact Assessment Directives to improve their use as tools to assess the
environmental impacts of plans, programmes and projects and help determine the most
environmentally friendly approach to support spatial planning.

Institute for European Environmental Policy / Alterra Wageningen UR 21



REFLECTING ENVIRONMENTAL LAND USE NEEDS INTO EU POLICY — LAND SERVICES

Finally, a potentially very beneficial cross-sectoral action would be to encourage and assist
Member States to develop holistic visions of land use and policy instruments that support the
strategic provision of land service requirements. Such strategic visions may then be combined
with indicative strategic land use planning to encourage and support the optimal use of the
land by spatially targeting the use of public funds (or other incentives) to deliver the most
desired land services.

Looking ahead, it is worth considering whether land use and land services should figure more
strongly in strategic thinking on the environment in the EU. For example, if there is a Seventh
Environmental Action Programme this is a theme that could be explored more fully, in the
same way that soil policy was given some prominence for the first time in the Sixth
Environmental Action Programme.

Institute for European Environmental Policy / Alterra Wageningen UR 22



REFLECTING ENVIRONMENTAL LAND USE NEEDS INTO EU POLICY — LAND SERVICES

1 INTRODUCTION

Graham Tucker (IEEP) and Leon Braat (Alterra)

11 THE STUDY’S OBJECTIVES AND TASKS AS DESCRIBED IN THE
SPECIFICATION

According to the Commission’s technical specification “The purpose of the study is to
develop an approach related to the protection of land notably for food production,
biodiversity, water retention and quality and soil organic matter, hereafter ‘land services’,
against the background of changing land use and climate change.

The areas of particular interest as the study is concerned relate to the following land uses,
processes and features: soil sealing, land intensification and marginalisation, permanent
grassland and biodiversity corridors. Each of these land uses has particular relevance to the
provision of land services and developments in them will greatly influence the delivery of
these services over the coming 25 years.

Soil sealing can be described as the impermeabilisation of the upper layer of the soil through
the use of asphalt, concrete or similar materials that prevent or severely restrict the exchange
of water and gases between the soil and the atmosphere, thus affecting the delivery of land
services.

Intensification of agricultural land use generally implies an increase of livestock production
and/or more concentrated arable production at a sufficiently large regional scale. The
vocation of intensive food production impedes the delivery of the other land services.
Marginalisation, sometimes leading to land abandonment, implies the reverse with regard to
food production, but in many instances does not lead to a higher delivery of the other
services, and indeed can result in their loss, for example where biodiversity is dependent on
traditional extensive farming systems.

Permanent grassland covers a large part of the EU and notably natural and semi-natural
permanent pastures play a significant role in the delivery of land services notably with
respect to biodiversity, water retention and quality and soil organic matter.

Biodiversity corridors are land areas and features that allow plants and animals to travel
from one patch of suitable habitat to another. A corridor provides shelter, food and protection
from predators by providing or imitating the structure and diversity of native habitats.
Populations that would otherwise be isolated can utilise corridors to migrate between patches
with relative ease and safety”.

The technical specification also provides the following description of the study’s tasks.
“The contractor is required to describe trends in changing land use and in likely climate

change effects on land use for the next 25 years. This first part of the study (Task 1) should
account for approximately 25% of the workload of the study.
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Against the background of task one, the contractor is then required to describe in detail the
role of the four phenomena described above, namely soil sealing, biodiversity corridors, land
intensification and marginalisation and permanent grassland, and their implications on land
services. This second part (Tasks 2-5) should account for 50% of the study.

Drawing together conclusions from the first and second parts of the study, the contractor,
taking into account the existing legislative backdrop of EU policy, in particular in the
environment and agriculture fields, is required (Task 6) to draw up a detailed outline
blueprint of how land services might best be protected, to face the challenges and threats
posed in the first part of the study. Moreover, the contractor shall include suggestions on how
to better use existing policy instruments or point out in detail any modifications needed to
achieve an adequate protection of land services crucial for sustainable development across
Europe in a context of a changing climate. This third part (Task 6) should account for
approximately 25% of the value of the study.”

A summary of the background to the study and the causes of concern over the provision of
these land services is provided below.

1.2 WHAT ARE LAND SERVICES?

Land services can be considered to be a sub-set of ecosystem services, which have been
described as flows of goods and services from ecosystems to human systems as functions of
nature (Braat, 1979; de Groot, 1992). More recently they formed a key focus of the
Millennium Ecosystem Assessment (MEA) (Millennium Ecosystem Assessment, 2005), in
which they are defined as follows:

“Ecosystem services are the benefits people obtain from ecosystems. These include
provisioning services such as food and water; regulating services such as regulation
of floods, drought, land degradation, and disease; supporting services such as soil
formation and nutrient cycling; and cultural services such as recreational, spiritual,
religious, and other nonmaterial benefits”.

The MEA also produced a framework for classifying the main types of ecosystem services
and illustrating their contributions to human well being (see Figure 1.1). This classification of
services, into four broad categories of supporting (e.g. soil formation), provisioning (e.g.
food), regulation (e.g. water retention and purification) and cultural services (e.g. recreational
benefits from open countryside), has been successful in demonstrating the importance of
ecosystems as constituents and determinants of human well being.

Amongst the many services that different land uses provide, the four land services that this

study will focus on are briefly described below. The impacts of pressures on them are then
outlined in Section 1.3.
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Figure 1.1. The Millennium Ecosystem Assessment Framework indicating the
relationships between ecosystem services and constituents of well-being. Source:
Millennium Ecosystem Assessment (2005).

1.2.1 Food production

Agriculture is the primary land use in the EU, accounting for approximately 44% of total
surface area (Ecologic et al, 2007). In 2005, the utilised agricultural area (UAA) in the EU-27
covered around 182 million hectares. In the EU-15, UAA has increased from around 134
million hectares in 1998 to 145 million hectares in 2005 (+ 8%)°. Despite this increase in
UAA at EU level, land abandonment is widely regarded as a threat to the provision of land
services in certain marginal areas where agriculture (or other land uses) is no longer
economically viable.

Arable production of cereals and permanent pasture linked to livestock production are the two
main land uses in the EU. In 2005, cereal production in the EU-27 accounted for an average
of 32.5% of UAA. Arable land accounts for more than 40% of UAA in 8 Member States,
namely the Czech Republic, Denmark, Germany, Slovakia, Finland, Hungary, Poland and
Romania.

The use of permanent pasture for livestock production is also significant, accounting for more
than 40% of UAA in a number of Member States including Greece, Ireland, Luxembourg, the
Netherlands, Austria, Slovenia and the UK, based on estimates for 2006, and accounting for at
least 20% of UAA in another 10 Member States including France, Germany, Italy and Spain
(Alliance Environnement, 2007). Recent data suggest that permanent pasture levels have been
relatively stable in the EU-25 since 2003 (Alliance Environnement, 2007). Semi-natural

9 Figures taken from ‘Agriculture in the European Union - Statistical and economic information’
http://ec.europa.eu/agriculture/agrista/index en.htm
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grasslands are of particular importance in Central and Eastern European Member States, the
largest areas being located in Romania and Poland (Veen Ecology, 2001)10.

The analysis of past and future drivers of land use change conducted as part of Task 1
underpins projections of the impacts of drivers, such as rising commodity prices, market
forces and changing consumer demands, policy interventions arising under the CAP and
through energy policy, and pressures on the land uses. Chapter 3 provides a more thorough
analysis of recent changes in land use and food production capacity in the EU.

1.2.2 Biodiversity

Biodiversity is not in itself a service, but an integral component of ecosystems and therefore
underpins all ecosystem services, such as pollination, primary production, and the aesthetic
and educational benefits of wild nature. However, for the purposes of this study we treat
biodiversity as a distinct and measurable ecosystem service in itself as well as indirectly
taking into account its contributions to other services (e.g. soil carbon cycles).

The wider importance of biodiversity beyond traditional nature conservation concerns is now
being increasingly widely recognised, for example in the MEA. Recent studies have also
attempted to measure this in monetary terms, for example the recent initiative on The
Economics of Ecosystems and Biodiversity (TEEB, 2008) and its supporting studies
(Balmford et al, 2008; Braat and ten Brink, 2008; Markandya et al, 2008). However, this
study does not require an economic valuation of biodiversity; it focuses instead on
biodiversity values related to EU biodiversity conservation objectives, and in particular on the
EU objective of halting the loss of biodiversity by 2010 and actions in the related EU
Biodiversity Action Plan (including the implementation of the Birds and Habitats Directives).

The importance of habitats varies considerably in the EU with respect to their biodiversity
conservation importance, with near natural and rare habitats generally being of highest
concern. Natural habitats that are dominated by native plants and have near-natural vegetation
communities are typically of highest biodiversity value (though not necessarily the most
species-rich). These include some forests, bogs and grasslands grazed by livestock (or in
some cases semi-domesticated species, such as Reindeer Rangifer tarandus) often under
traditional low intensity systems. However, such habitats are now largely confined to remote
areas, wetlands, mountains and the far north.

Most areas of native vegetation have at the very least been affected by centuries of forest
management and grazing (and in some cases burning) that have resulted in significant
changes in vegetation composition and structure. Nevertheless, such semi-natural
communities are often species-rich and include a range of High Nature Value (HNV) habitats
(Baldock et al, 1993; IEEP, 2007). Semi-natural permanent grasslands are still widespread in
parts of Europe, particularly in the east and especially in hilly and mountainous regions, arid
regions and on areas with poor or wet soils.

However, most semi-natural grasslands have been lost as a result of agricultural
improvements such as drainage, fertilisation and re-sowing with species-poor agricultural
mixes (Stoate et al, 2009). Such grasslands are generally of low plant conservation value, but
can still support some wildlife of significant conservation importance. For example,

10 Veen Ecology (2001) http://www.veenecology.nl/index.php?id=5
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productive permanent grassland can support important populations of invertebrate feeding
birds, especially in winter (Tucker, 1992).

In contrast to permanent grasslands, short-term sown grass monocultures (e.g. Lolium spp) are
often used as silage rather than being directly grazed. The rapid and dense growth of fertilised
grasslands and arable crops combined with the use of herbicides precludes the growth of other
plants in the crop. The regular tilling of the soil also reduces organic matter and disrupts the
soil ecosystem. Consequently intensive grasslands and arable crops are typically of relatively
low biodiversity conservation value.

Furthermore, intensive systems tend to increasingly specialise in growing grass (especially in
milk production systems) or crops. Crop rotations are also simplified or abandoned (Stoate et
al, 2009). As a result vegetation and structural diversity in intensive farmland landscapes is
greatly reduced. Studies in the UK have found that the separation of pastoral and arable
farming systems has led to declines in bird populations through reduction in habitat diversity
in arable (Atkinson et al, 2002) and grassland landscapes alike (Robinson et al, 2002).
Furthermore, such declines are likely to be widespread as agricultural specialisation is a
common trend across much of Europe.

Forest, heathland and wetland habitats also similarly vary considerably in biodiversity
importance. The most valuable are those that have retained large-scale intact ecosystems with
near-natural vegetation communities and associated animal assemblages; such habitats are,
however, now rare in the EU.

1.2.3 Water retention and quality

The supply of sufficient water of adequate quality for its intended purpose is a key
requirement for many important ecological services and other human uses. The three main
human uses of water in the EU are for agriculture, industry and the domestic sector (e.g.
households). According to the EEA, the overall abstraction and consumption of water
resources is currently sustainable in the long-term!!. However, some areas may face
unsustainable trends, especially in southern Europe where much improved efficiency of water
use, especially in agriculture, is needed to prevent seasonal water shortages. In addition,
climate change may affect water resources and water demand.

To met these demands the main EU policy objectives for water resources are:

® to ensure that the rates of abstraction from water resources are sustainable over the long
term, and to promote sustainable water use based on the long-term protection of available
water resources; and

e to ensure a balance between abstraction and recharge of groundwater with the aim of
achieving good groundwater status by 2015.

1.2.4 Soil organic matter (especially carbon sequestration)

The presence of organic matter in soils is particularly important for the maintenance of
several environmental and ecological functions of soil, such as fertility, biological activity and
gas exchanges with the atmosphere and leaching losses to water. Soils hold large amounts of
carbon as organic matter as well as inorganic Carbon. Historically, soils have lost carbon
through cultivation and disturbance due to land use change. The size of the pool of soil

I hitp://www.eea.europa.eu/themes/water/water-resources
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organic matter (SOM) is large compared to gross and net annual fluxes of carbon to and from
the terrestrial biosphere (Smith, 2004). Small changes in the SOM pool can therefore have
dramatic impacts on the concentration of CO; in the atmosphere. To mitigate the increase in
concentration of greenhouse gases in the atmosphere, and its effects on global warming,
terrestrial ecosystems can be used as carbon sinks. And more importantly, the conservation of
(organic) carbon in soils to prevent emissions of CO, is highly relevant to both the climate
change debate and to the EU’s thematic strategy on the protection of soil.

The most recent estimate is that the technical potential for SOC sequestration globally is
around 1.3 billion tonnes (Pg) C year—1, but this is very unlikely to be realised. Economic
potentials for SOC sequestration estimated by Smith (2008) were 0.4, 0.6 and 0.7 Pg C year-1
at carbon prices of 20, 50 and 100 USD t CO2—equivalent*1 respectively. Schulp et al, (2008)
modelled the effect of land use change on carbon sequestration for the four IPCC SRES
scenarios. Carbon sequestration rates are expected to decrease by 4% in 2030 relative to 2000
if land use remains unchanged. Land use change causes an additional decrease in
sequestration rate in the IPCC A2 scenario of 2% in 2030, while in the other three scenarios
an increase in sequestration rate of 9 to 16% is predicted in 2030.

1.3 HOW ARE LAND SERVICES AFFECTED BY LAND USE PRESSURES?

As described above, this study is particularly concerned with the impacts of four land uses,
processes and features on land services. We therefore treat these as pressures and define them
as below.

¢ Soil sealing (as described in the technical specification) is “the impermeabilisation of the
upper layer of soil through the use of asphalt, concrete or artificial impermeable
membranes (e.g. to seal land-fill sites) etc, which prevents the exchange of water and
gases between the soil and the atmosphere”.

e Habitat fragmentation (i.e. the break-up of habitat patches) as a result of the loss of
biodiversity corridors. The study specification does not refer directly to fragmentation, but
instead refers to biodiversity corridors, which are landscape-scale features that aim to
maintain vital functional ecological connections (such as the ability for plants and animals
to move or disperse) between otherwise isolated habitat areas (core areas). These are often
continuous physical linkages, and may vary from narrow linear corridors (such as
watercourses or hedgerows) to broad landscape corridors. They may also consist of
functionally connected corridors of habitat patches that act as stepping stones in the wider
landscape (habitat matrix). Biodiversity corridors are therefore features that maintain
biodiversity and are not generally conceived of as pressures (though they may exert some
on food production and some elements of biodiversity). It therefore seems more logical to
refocus this element of the study on habitat fragmentation as a result of the loss of
biodiversity corridors.

e Land intensification and marginalisation. Intensification is the process of increasing
agricultural productivity through increased inputs such as fertiliser, pesticides, cultivations
and irrigation etc. strictly speaking marginalisation is a process driven by a combination
of social, economic, political and environmental factors, by which certain areas of
farmland cease to be viable under existing land use and socio-economic structures (see
Section 7.2.1). This can in fact lead to intensification or extensification and abandonment.
However, marginalisation is often considered to be the reverse of intensification, leading
to extensification and sometimes full land abandonment and vegetation succession. The
latter narrow definition matches that used in this study’s technical specification, and is
therefore followed in this report.
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e Permanent grassland. For this study permanent grassland is defined according to
relevant components of the EU’s Common Agricultural Policy, in particular standards for
farmers and Member States’ obligations to maintain permanent pasture under Regulation
793/2009 (see Section 7.3.1). However, this definition is very broad as it includes all
farmland used for grass or other herbaceous forage that has not been included in the arable
rotation for 5 years or more. It therefore captures a very wide range of grazed land from
biodiversity-rich HNV grasslands of Natura 2000 quality at one extreme, through other
semi-natural grasslands, to cultivated grasslands (which may be less than 5 years old, if
ploughed up and immediately reseeded as grassland). For clarity, permanent grassland is
recast as a pressure by focusing on the loss of permanent grassland, which may arise from
the intensification and marginalisation of agricultural land use.

These land use pressures are known to have a range of impacts on the land services that are
the subject of this study, and these are summarised in Table 1.2 and described further below.
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Table 1.2. The impacts of land use related pressures on land services

Land Soil sealing Intensification Marginalisation (i.e | Loss of Fragmentation
services extensification and | permanent (absence of
abandonment) grassland biodiversity
corridors)
Food Sealed areas Production levels / Marginalisation Loss of Loss of woodlands,
production cannot produce yields generally reduces food products hedges and other
food under increase with production, associated with | habitats that support
conventional soil | intensification especially if soils high animal farming by providing
based (within limits). have been damaged welfare and habitat for
agriculture. But Excessive by intensive high quality pollinators, natural
new agro- intensification may practices. meat / milk. predators of crop
technology can be unsustainable. pests, wind-breaks;
produce food and some may
using other produce non-crop
growing media. foods (e.g. berries).
Biodiversity | Sealed areas An overall decline in | Much Reduced Reduces the size of
have minimal biodiversity (species | marginalisation biodiversity habitats patches and
biodiversity and community affects HNV value, connectivity between
value richness and habitat farmland, which is especially on habitat patches,
condition). often of detrimental, | unimproved which can lead to
but impacts vary grasslands. species loss, but
according to context | Increased threat | impacts depend on
and time-scale to many EU landscape structure
specific. protected and species
habitats and concerned.
species.
Water Water run-off is Intensification can Usually increased Loss of dense Loss of habitats (e.g.
retention increased lead to increased water retention, grass sward grasslands and forest
substantially. run-off where especially where and organic corridors) that help
Groundwater grassland and arable systems are matter etc that | absorb and retain
recharge is permanent crops are | abandoned. absorbs and water.
reduced. converted to arable, retain water in
or where drainage the soil.
occurs.
Water Pollutants are Intensification Usually increased Loss of Loss of hedgerows,
quality often associated normally leads to water retention, vegetation and | shelter belts and
with sealed reduced water especially where SOM that can forests that act as
areas. Increased quality due to arable systems are take up barriers to erosion of

run-off also

nutrient rich run-off

abandoned. But

nutrients and

nutrient-rich soils

increases erosion | (especially on land detrimental impacts absorb some and sprayed
of soils used for arable crops | possible, e.g. where pollutants. Also | fertilisers and
increasing or pig production), terraces fall into increased pesticides.
nutrient fertiliser applications | disrepair. pollution from
enrichment. and spray drift increased run-
alongside water off.
courses.
Soil organic | The normal Intensification Normally increases Loss of carbon | Loss of grassland
matter cycling of reduces SOM where | in SOM, especially stores in corridors etc that can
organic matter is | synthetic fertiliser where arable farming | ancient help increase and
prevented by replaces organic is abandoned. permanent maintain SOM.
sealing, and manures, and where grasslands.
SOM levels arable fields are
decline. annually deep-

ploughed.
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1.3.1 Food production

Increased intensification and regional specialisation of agricultural systems has been a notable
long-term trend throughout the EU, particularly in relatively productive areas (as a result of
drivers as summarised in Section 2.1). This together with technological advances has led to
substantial increases in food productivity.

For example, between 1990 and 2000 average cereal yields increased by 16% whilst milk
yields per cow increased by 16% (EEA, 2005a)!2. More recent figures indicate that milk
yields per cow have continued to increase in all Member States, linked to long term trends of
increasing farm size and regional concentration but with relatively stable volumes of milk
production (as a result of the EU milk quota regime). In the EU-15, annual milk yield
increases averaged 2.3% between 1996 and 2006 (2.9% in the EU 25 between 2000 and
2006).

In the arable sector, EU-15 cereal yields have been relatively stable in recent years at around
5.6 tons per hectare!3, with significant variations between Member States and regions. This
recent stability is an indication of the relatively intensive techniques, associated with modern
arable production, which have been developed over the past few decades. In the new Member
States yield intensities can be expected to continue observed trends linked to the
modernisation and intensification of production methods (relative to the EU-15).

However, at the same time there has also been a tendency towards the withdrawal of
management and possible land abandonment in more marginal areas, where traditional
agricultural practices and associated biodiversity are more commonplace (Anon, 2005).
Average fertiliser per hectare of agricultural land is often used as an indicator of
intensification, however, there has been a noticeable decline in fertiliser use in the EU-15
since 1990, linked to more efficient nutrient management, new crop varieties and
technological developments. This trend is reversed in the new EU Member States where
significant increases in fertiliser use have been observed (EEA, 2007). Another noticeable
indicator of agricultural intensification has been the expansion of irrigated land in the
southern EU-15 and south eastern Europe (EEA, 2007).

Another relevant issue is the loss of agricultural land due to developments that can cause soil
sealing, for example, where agricultural land, is replaced by roads, buildings, urban
development etc. Due to the nature of such development, this issue is most likely to be
associated with agricultural land in close proximity to urban centres. Where soil sealing
occurs, a decrease in water permeability is also likely, which has implications for water
resources and flood management, with potentially indirect impacts on food production.

12 Figures quoted based on FADN in Agriculture and environment in EU-15 — the IRENA indicator report (EEA,
2005a).

13 Total cereal yields (excluding rice): 5.58 tons per hectare in 1996 and 5.60 tons per hectare in 2006 based on
Eurostat figures quoted in ‘Agriculture in the European Union - Statistical and economic information’
available at: http://ec.europa.eu/agriculture/agrista/index_en.htm
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1.3.2 Biodiversity

Agricultural intensification / marginalisation and the use of permanent grassland

The biodiversity value of agricultural habitats, including grasslands is highly dependent on
the extent to which it has been modified as a result of grazing, agricultural improvements (e.g.
drainage and reseeding) and intensive use of fertilisers and pesticides. In general, biodiversity
value (e.g. the diversity of characteristic species and rare species) declines with increasing
agricultural improvement and intensification (Aebischer, 1991; Billeter et al, 2007; Donald,
1998; Donald et al, 2001).

The widespread intensification of agriculture across Europe has had well documented impacts
on biodiversity, including birds since the 1970s, particularly in western Europe (Newton,
2004; O'Connor and Shrubb, 1986; Pain and Pienkowski, 1997; Tucker and Evans, 1997,
Wilson et al, 2009; Stoate et al, 2009). Non-crop plants and invertebrates have declined
massively, primarily as a result of the use of fertilisers and pesticides (Aebischer 1991;
Donald 1998). As a result, many of the remaining species-rich agricultural habitats are now
rare or much reduced. Consequently a high proportion of rare and vulnerable species of EU
conservation importance are associated with these threatened semi-natural habitats and
agricultural landscapes (Robinson and Sutherland, 2002).

Despite the trends towards intensification in most parts of Europe, some farming systems that
are of marginal economic value and are subject to reduced inputs and management and
sometimes abandonment. The impacts of such marginalisation and abandonment are complex
and diverse, depending very much on context; consequently they can be positive or negative.

In general, the cessation of agricultural management enables natural processes to take over
leading to successional habitat changes. These habitat changes vary but typically start with the
growth of rank grassland and shrubs, followed by scrub and eventually forest. Land
abandonment results in a reduction in grassland and arable habitats (particularly in low
intensity marginal farming areas) and an increase in scrub and forest in the landscape. This
can be beneficial in terms of increasing habitat connectivity (see below) or habitat diversity in
intensively farmed landscapes.

On the other hand, large scale abandonment can lead to declines in habitat heterogeneity and
species diversity across the landscape. Furthermore, HNV farming systems are particularly
prone to marginalisation and the abandonment and such areas (e.g. upland grasslands) are
often key habitats for some species of high biodiversity importance in the EU (including
many listed in the EU Habitats and Birds Directives). Thus, although abandonment of some
HNV farming areas may increase species richness amongst generalist species in some
situations (e.g. by creating new habitats in otherwise open habitats) it may be detrimental in
terms of EU biodiversity conservation objectives. But abandonment may provide
opportunities for large-scale managed habitat restoration projects that in the long-term may
produce high value habitats. These large-scale habitats may be more resilient to climate
change and could significantly contribute to climate mitigation through carbon sequestration.
These issues are further discussed in Chapter 8.

Fragmentation and the loss of biodiversity corridors

Habitat fragmentation (i.e. the break-up of habitat patches) is one of most significant threats
to habitats and species in the EU (Kettunen ef al, 2007). Fragmentation exacerbates habitat
loss (because some patches may be too small for some species), increases the proportion of
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habitat edge and increases the isolation of remaining habitat patches. Isolation between
patches is a function both of the distance between habitat patches and the permeability of the
landscape matrix to the movement of species. At the species level, fragmentation impacts
include reduced population density, reduced population persistence, reduced reproduction,
reduced individual fitness and increased disease incidence (Fahrig, 2003).

Biodiversity corridors are landscape-scale features that aim to mitigate the impacts of habitat
fragmentation. Biodiversity corridors aim to restore functional connectivity by providing
continuous strips of habitat or suitably placed patches of habitat that are sufficiently close to
allow movements between otherwise isolated habitats. Such corridors often form part of a
broader ecological network, typically consisting of core areas (large areas of good quality
habitat e.g. protected areas), buffer zones around core areas and corridors (Bennett and
Mulongoy, 2006; Jongman and Pungetti, 2004).

However, despite the development of many plans for national, regional and local ecological
networks there appear to be few cases where they have been adequately implemented. There
is also debate over the value of some existing habitat corridors. For example, many narrow
habitat corridors and linear features, such as hedgerows, may provide valuable habitat but
probably have limited value in terms of increasing connectivity to mitigate habitat
fragmentation and aid climate change adaptation (Davies and Pullin, 2007; Dawson, 1994;
Donald, 2005; Donald and Evans, 2006; Hobbs, 1992; ITE, 1994; Spellerberg and Gaywood,
1993). There is also concern over the potential risks of increasing connectivity through the
creation of new corridors, for example through facilitating the spread of alien invasive species
(Crooks and Sanjayan, 2006).

Progress with the creation of new corridors, through for example habitat restoration and
creation appears to have been particularly limited (see Chapter 6). This appears to be often
due to the large scale of proposed networks and the consequent need for very high levels of
public investment in land purchase and/or management agreements with landowners or large
areas of interconnected land. These problems seem to be further exacerbated where proposals
for ecological networks have been developed without sufficient empirical evidence to
determine the circumstances under which they reduce fragmentation (Van Der Windt and
Swart, 2008).

1.3.3 Water retention and quality

Water retention, water quality and land use and land cover change

Among the major processes influencing water quantity and quality at the river basin scale are
changes in land use intensity and land cover. Land use changes affect evapotranspiration,
infiltration rates, and runoff quantity and timing.

The general impact on local water budgets of changes in land cover are well documented in

the hydrological and ecological literature and can be summarised as:

¢ Change from natural forest to managed forest slightly decreases the available freshwater
flow and causes lower long-term groundwater recharge in most temperate and warm
humid climates, but is highly dependent on dominant tree species.
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¢ (Change from forest to pasture or cropland leads to strong increases in the amount of
superficial runoff with associated increases in sediment and nutrient flux, and reduced
long-term groundwater recharge. Impacts will depend on the percentage of catchment area
covered and the consequences are less severe if conversion is to pasture instead of crops.
It is most critical for areas that are prone to high precipitation over short time-periods.

e Change from forest to urban causes strong increases in runoff with the associated
increases in pollution loads, strong decreases in groundwater recharge, with impacts
dependent on percent of catchment area converted. The effects are stronger when the
lower reaches of a catchment is transformed.

e Replacement of tree species with those with higher evapotranspiration rates leads to
strong decreases in runoff and groundwater recharge. This is highly dependent on the
characteristics of dominant tree species.

There has also been acceleration in the loading of pollutants, including nutrients in the second
part of the 20" century onto the land mass associated with industrial agriculture, urbanization
and grazing. These inputs are translated into greatly elevated fluxes to and transport through
inland water systems, the effects of which pass in many cases fully to the coastal zone.

Intensive agricultural and urbanised areas have expanded rapidly in the last 50 years together
with increasing demands for water (Box 1.1). The current extent of cultivated systems
provides an indication of the location of freshwater ecosystems that are likely to experience
water quality degradation from pesticide and nutrient runoff as well as increased sediment
loading.

Box 1.1. The impacts of urbanisation on water demand in Europe

The geographic location of many of the large and growing cities, such as close to coastal
areas, and their rapid pace of growth has encouraged the over-tapping of water resources that
are not necessarily renewable, such as coastal aquifers. In Europe, for instance, nearly 60% of
the cities with more than 100,000 people are located in areas where there is groundwater
over-abstraction (EEA 1995d). High levels of water-extraction in many cases are
accompanied by water quality degradation and land subsidence. Groundwater over-extraction
in such areas can reverse the natural flow of groundwater into the ocean, causing saltwater to
intrude into inland aquifers.

Industrial processes, which include withdrawals for manufacturing and thermoelectric
cooling, today use about 20% of the total freshwater withdrawals, which has more than
doubled between 1960 and 2000. Even though this global use remains small in comparison to
water used for agriculture, the current trend in shifting the manufacturing base from industrial
to developing countries, due to globalization and international trade, is of concern for future
water security.

One significant challenge to both scientific understanding and sound management of water
resources is that multiple processes control water quantity, quality, and flow regimes. The
pattern and extent of cities, roads, agricultural land, and natural areas within a watershed
influences infiltration properties, evapotranspiration rates, and runoff patterns, which in turn
affect water quantity and quality. Thus, there remains substantial uncertainty about the effects
of management on different components of the hydrological cycle arising from the unique
combinations of climatic, social, and ecological characteristics of Europe’s watersheds.

Despite this uncertainty it is likely that many impacts of land use change on water resources
will be exacerbated by climate change. The changing climate will modify all elements of the
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water cycle, including precipitation, evapotranspiration, soil moisture, groundwater recharge,
and runoff. It can also change both the timing and intensity of precipitation, snowmelt and
runoff.

Two issues are critical for water supply: changes in the average runoff supply and changes in
the frequency and severity of extreme events, including both flooding and drought. The effect
of increased precipitation extremes on floods is still debated because flood response is
influenced by many interacting factors, such as basin geology, terrain, and land cover as well
as basin size and rainfall patterns. Also, the natural variability of flood flows can mask small
changes in precipitation inputs. Although there is considerable variation in the projections for
the effects of climate change on precipitation (see Box 2.1 for further discussion), there is
broad agreement that overall rainfall will decrease in much of southern Europe and increase in
parts of northern Europe, and the frequency of extreme weather events will increase
(Christensen and Christensen, 2007; IPCC, 2007).

1.3.4 Soil organic matter

The level of soil organic matter (SOM) in a particular soil is determined by many factors
including climatic factors (e.g. temperature and moisture regime) and soil-related factors, e.g.
soil parent material, clay content, cation exchange capacity (Dawson and Smith, 2007).
Organic matter inputs to the soil are largely determined by the land use, with forest systems
tending to have the largest input of carbon to the soil. Grasslands also tend to have large
inputs, though the material is often less recalcitrant than forest litter. The smallest input of
organic matter is often found in croplands which have inputs only when there is a crop
growing and where the carbon inputs are among the most labile. When soils are no longer
covered by living vegetation, but rather ‘sealed’ by asphalt or concrete, the input is reduced to
zero.

The small inputs of organic matter to the soil in croplands can be further exacerbated by crop
residue removal, and by tillage which increases SOM loss by breaking open aggregates to
expose protected organic carbon to weathering and microbial breakdown (Six et al, 1998).
Consequently, it has been observed that ploughing grassland for conversion to arable land and
for grassland renovation is responsible for considerable N,O and CO, emissions in the
Netherlands (Vellinga et al, 2004). In fact croplands are considered to be the largest
biospheric source of carbon lost to the atmosphere in the EU, with estimated losses of 78
(S.D. 37) Mt C per year (Smith, 2004).

Conversely converting arable cropland to permanent grassland typically results in an increase
in soil carbon because of lower soil disturbance and reduced carbon removal in harvested
products. The soil carbon sequestration potential for the conversion of cropland to grassland
in Europe is estimated at 1.2-1.7 t C ha-1 year-1 (Smith, 2004). Carbon losses can also be
reduced by changes in farming practices (which increase organic matter inputs to the soil
and/or reduce soil disturbance), including organic farming (Hillier et al, 2009). Similarly
extensification and abandonment can reverse the impacts of intensification on soil carbon
stores. There is therefore significant potential within Europe to decrease the flux of carbon to
the atmosphere from cropland, and for cropland management to sequester soil carbon, relative
to the amount of carbon stored in cropland soils at present. As further discussed in Section
8.2, this could have the potential to make significant contributions to reducing overall green
house gas emissions.
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1.4 OUR OVERALL APPROACH TO THE STUDY

On the basis of the above considerations and the study specification a logical structure was
established for the study based on the well known Driver-Pressure-State-Impact-Response
(DPSIR) framework. The key tasks within the study are set out according to their position in
the DPSIR framework and the land use interrelationships in Figure 1.2.

IMPACTS
PRESSURE / STATE (Tasks 2 - 5)

Soil Food
sealing production
/ (Task 2)
DRIVERS: ==l 'chane.
- demand change \ Fragmentation Biodiversity
(Task 1)
- Supp|y (TaSk 3)
- technology

- climate-change

Water
retention /
quality

Land
intensification /
Marginalisation

(Task 4)
Soil
organic
Permanent matter
N grassland loss
(Task 5)
RESPONSES (Task 6)

Figure 1.2. Study framework, showing the key interrelationships between tasks

The four land services of that are the focus of this study are (1) food production, (2)
biodiversity, (3) water retention and water quality and (4) soil organic matter (in particular
carbon stores). The provision of these land services are impacted upon by changes in the state
of the environment, including soil sealing, fragmentation of habitats, intensification of
agriculture/marginalisation and the loss of permanent grassland (which form the focus of
Tasks 2 — 5)!4. These changes in state are caused by land use change pressures that are in turn
the result of exogenous drivers (or indirect pressures in the terminology of the MEA).
However, it is important to note that some changes in state exert new indirect pressures on

14 As discussed in Section 1.3, for clarity, permanent grassland is recast as a pressure by focusing on the loss of
permanent grassland, which may arise from the intensification and marginalisation of agricultural land use.
Similarly, the subject of biodiversity corridors is recast as habitat fragmentation resulting from the loss of
existing corridors and other features that enhance ecological connectivity.
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components of the environment (such as the loss of permanent grassland, which contributes to
habitat fragmentation).

Our initial focus in this study is therefore a quantitative assessment of the dynamic interplay
amongst these elements of the framework, as observed over the past 25 years and according to
modelled projections for the next 25 years. All of these factors have a critical influence on the
four land services and are incorporated into the modelling approaches that underpin much of
this study (as described further in Chapters 3, 4 and 5).

The close interrelationships between the land use related pressures and the subsequent
provision of land services forms the focus of the synthesis stage of the analysis (Task 6).
Finally the study identifies existing and new policy measures that may be used to respond to
changes in the provision of land services, by influencing drivers of change and / or particular
pressures.

1.5 TASK CONSOLIDATION AND THE STRUCTURE OF THIS REPORT

The analytical tasks undertaken in this study have been carried out according to our
interpretation of the overall aims and rationale for the project (as described above) and the
interrelationships between the tasks outlined in the specification (as summarised in Figure
1.2). As a result some of the tasks have been combined where they are closely interrelated
(agricultural intensification and loss of permanent grassland) or divided where they are
particularly large and complex (e.g. analysis of fragmentation impacts and effectiveness of
existing corridor measures). The tasks are therefore now described in the following chapters.

Chapter 2: Overview of drivers affecting land use change.

Chapter 3: Analysis of land cover trends and projections of land use trends for the next 25
years (on the basis of the study’s baseline reference scenario) (Specification Task 1).

Chapter 4: Analysis of the effects of projections of land use change on soil sealing and its
likely impacts on the provision of land services, and an assessment of policy instruments
related to soil sealing (Specification Task 2).

Chapter 5: Analysis of the effects of projections of land use change on habitat fragmentation
(and habitat corridors as mitigation) and its subsequent impact on the provision of land
services (Specification Task 3).

Chapter 6: Assessment of policy instruments that may stop or reverse habitat fragmentation,
and an assessment of the implementation of ecological networks (Specification Task 3).

Chapter 7: Assessment of drivers of land intensification (and marginalisation) and the loss of
permanent grassland and policies that may affect these processes (Specification Tasks 4 and
5).

Chapter 8: Analysis of the effects of projections of land use change on land intensification

(and marginalisation) and the extent of permanent grassland, and impacts on land services
(Specification Task 4 and 5).
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Chapter 9: Synthesis of the combined impacts of drivers and pressures on the four land
services (Specification Task 6).

Chapter 10: Assessment of existing policy instruments and a blueprint of measures to protect
and enhance land services (Specification Task 6).

The specific tasks carried out in this study are described at the beginning of each chapter.
Further details of the analyses are also provided in the accompanying Technical Annex.
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2 OVERVIEW OF DRIVERS AFFECTING LAND SERVICES

Graham Tucker, Andrew McConville and Clunie Keenleyside (IEEP)

The key drivers of agricultural land use change are of particular importance to this study and
are therefore described in detail in Chapter 7. However, in order to set the context for the
modelled projections of land use change (carried out in Task 1 and described in Chapter 3) a
brief overview of the key drivers of general land use change is provided below.

2.1 THE MAIN DRIVERS OF LAND USE CHANGES OVER THE LAST 25 YEARS

Although the situation has varied between regions of the EU, the principal drivers of land use

change over the last 25 years (and especially as the EU-15) have included:

e Market and direct support for farmers, driving agricultural intensification, specialisation,
concentration of production and a decline in mixed farming systems.

e EU set-aside policy linked to arable CAP payments (suspended in 2008).

e Uncompetitiveness and shortage of successors in marginal farming systems leading to
agricultural abandonment in marginal areas.

e Growing environmental awareness and concern over the environmental degradation
arising from an intensification in agricultural production, leading to the introduction of
agri-environment measures in 1985, followed by the successive integration of
environmental objectives in the CAP.

e Rises in agricultural commodity and input prices (particularly since CAP decoupling) with
direct implications for the production of arable crops including biofuels).

e Afforestation on agricultural land driven by public subsidies (national and EU), whilst
natural regeneration is linked to land abandonment. Conversion of forestry to agricultural
land, though deforestation is an issue in some New Member States (NMS).

e Demographic changes (with population growth and immigration) and economic
development, leading to direct increases in demand for food products, demand for space
for housing, work facilities and transportation, and recreation.

e EU enlargement and globalisation of the economy, leading to direct demand for land for
agricultural and forestry products for export markets, but also increased competition from
outside the EU (e.g. reducing timber prices).

e Social changes, and migration from certain areas, alongside counter-urbanisation in
others, leading to a change in the social fabric of rural areas and patterns of land use.

In addition to these, other drivers are likely to be important at regional levels and local levels.
These include trends in migration, national land use policies and regulations concerning the
expansion of urban areas into agricultural areas and pressures on land use related to recreation
and tourism.

All the drivers and resulting land use changes over the past 25 years have led to the current
distribution of land use across Europe, maps of which will form the starting point for this
study’s projections of land use change, based on the business as usual scenario. The next
section introduces the expected changes in the main drivers of land use change over the next
25 years.
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2.2 THE EXPECTED PRINCIPLE DRIVERS OF LAND USE CHANGE AND LAND
SERVICES OVER THE NEXT 25 YEARS?

2.2.1 Socio-economic drivers

The key drivers of land use change in the EU over the next 25 years to 2030 are likely to
primarily be the following socio-economic drivers:

e Full decoupling of direct payments for farmers, transfer of funding from Pillar 1 to
Pillar 2, and the reorientation of CAP support towards the provision of environmental
public goods and ecosystem services.

e Changes in the supply and prices of agricultural commodities.

e EU Energy policy and a new post Kyoto climate policy, stimulating action on the
sequestration and carbon in soils and biomass, forestry measures, adaptation and
mitigation.

¢ Anincrease in the global demand for bioenergy feedstocks.

¢ An expanding global population, leading to an increase in the demand for food, and
the demand for housing and built infrastructure.

e Concerns over food security and the availability of food, leading to some increases in
production and yields, facilitated by technological advances and high commodity
prices.

e Changing consumption patterns, including an increase in the share of meat and dairy
products in the diets both in Europe and in developing nations such as India and
China.

e International commitments on biodiversity and the implementation of the MEA
Framework.

e Implementation of the Water Framework Directive and the introduction of a Soil
Thematic Strategy Forestry.

e Possibly some increase in the area under natural regeneration of woodland in
marginal areas, arising from agricultural land abandonment.

These factors may therefore lead to significant changes in the balance of land uses, especially
between agriculture, forestry and the built environment (Figure 2.1). With recent increases in
agricultural commodity prices, it seems likely that agricultural drivers will have particularly
important impacts on future land use. These were recently reviewed by IEEP as part of the
ongoing Unfarmed Features project for DG Environment (Farmer et al, 2008), which
concluded that in the absence of policy intervention, it is likely that agricultural drivers will
lead to either an intensification in production on the more competitive farms, or could further
undermine the economic viability of more marginal farms across the EU. Both have the
potential to have an adverse impact on permanent grasslands, existing biodiversity corridors
and other landscape features of biodiversity importance, increasing the pressure to remove
landscape features or leading to a cessation in their management, respectively.
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Figure 2.1 Indicative strengths and directions of land use drivers in the EU

2.2.2 Climate change drivers

All of the key socio-economic drivers described above will also be increasingly influenced by
climate change, initially as a result of the indirect effects of mitigation and adaptation
measures (e.g. biofuels). Direct impacts from higher temperatures, rainfall changes and more
frequent extreme weather events, as well as many of the changes in natural vegetation will
become more significant later this century (see Box 2.1). The impacts of climate change on
agriculture and potential adaptation measures will be of particular significance, and will have
knock-on impacts on other land services. These are therefore described further below.

The potential impacts of climate change on agriculture

The changes in weather patterns due to climate change on a European scale are difficult to
predict; in a recent study (Ciscar et al, 2009) two global models made significantly different
predictions about the likely changes in temperature and precipitation (see Box 2.1). Despite
this, some generic assertions can be made. In all cases, northern, central and, in particular,
southern regions can expect high increases in temperature (between 2°C and 8°C). Central
and southern Europe experience substantial annual decreases in precipitation (from 10 to
40%) while other regions, particularly northern Europe, will experience annuals gains (from
10 to 40%), with high seasonal variation. The Atlantic regions experience the smallest
increases in temperature but will lose agricultural land to sea-level rise.

All agricultural systems across Europe are likely to be affected to some extent by the
projected changes in the coming decades. Climate-related increases in crop yields are
expected in the short term due to longer growing seasons and the impact of rising
concentrations of CO, (Alcamo et al, 2007); overall by 2020 gains in yield of 17% are
possible (Ciscar et al, 2009) particularly of C3 crops such as wheat, potato and rice. However,
there will be a likely shift of crops to the north with decreases in yield the south due to higher
summer temperatures and drought (Alcamo et al, 2007). Technology such as new crop
varieties and cropping practices might outweigh negative effects; yield increases of wheat by
2050 could increase from 37% to 101% (Ewert et al, 2005; cited in Alcamo et al, 2007).
However, there is uncertainty to the extent to which these gains will be affected by the
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increase in extreme weather events, with expected increased yield variability (Jones et al,
2003; cited in Alcamo et al, 2007) and reduced average yield (Trnka et al, 2004; cited in
Alcamo et al, 2007). Agricultural systems based on traditional farming and quality foods
which depend on favourable climatic conditions are most at risk (Parry, 2000; cited in EEA,
20054d).

There are many other impacts on agriculture. The wetter winters and drier summers will put
an additional strain on water resources, notably in southern regions, leading to conflicting
demands between agriculture and other users. Furthermore, drought conditions alter the
structure of agricultural soils, rendering the soil ‘strong’ and impenetrable to roots, further
exacerbating the impacts of drought (Whalley et al, 2006; cited in Cooper and Arblaster,
2007). In northern regions, soil structure may be adversely altered by the thawing of the
permafrost (EC, 2007). Adverse impacts can also be expected from the likely rise in the
spatial distribution and intensity of pests and weeds (EC, 2007). As the efficacy and duration
of pesticide control is also affected by environmental conditions, there may be an increase in
the use of pesticide use with negative environmental effects.

Livestock will be impacted in a number of ways; both directly (e.g. by the increases in
temperature) and indirectly (e.g. through the variability in the price of feedstock). Longer
warm seasons may reduce the need for winter housing of animals, although wetter winters
may increase the risk of soil poaching. An increase in severe heat stress could enhance the
mortality of intensively-reared pigs and chickens (Turnpenny et al, 2001; cited in Alcamo et
al, 2007) and require additional ventilation mechanisms in animal housing. Increased
frequency of droughts along the Atlantic coast may reduce forage crop productivity such that
they are no longer sufficient at current stocking densities without irrigation (Holden and
Bereton, 2002; cited in Alcamo et al, 2007). Increasing temperatures may also increase the
risk of livestock diseases by supporting the dispersal of insect vectors of diseases (such as
bluetongue) and enhancing the survival of viruses from one year to the next (Alcamo et al,
2007).

Agriculture will be affected both directly from the effects of climate change and indirectly
through attempts to mitigate greenhouse gas emissions and to provide adaptation services.
The indirect effects include the increased shift towards the production of bio-energy crops (to
meet the EU’s bio-energy targets set out in the 2009 Renewable Energy Sources Directive),
reduced tillage in farming practices, improvement of flood management capacity, and
restoration of multifunctional landscapes such as high nature value grassland that provide
habitat and assist migration for numerous species. The impact of these measures on
agriculture and its related biodiversity could be mixed. For example, efforts to meet the bio-
energy targets may lead to some further intensification of agricultural land in western Europe,
but in eastern Europe it could cause further conversion of natural lands into production areas.
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Box 2.1. Climate change projections for Europe

A recent study for the European Commission (Ciscar et al, 2009) used two global models
with embedded regional models (HadAm3h with HIRAM; ECHAM4 with RCAO) to analyse
the impacts of climate change on Europe under the SRES scenarios A2 and B2 by 2080, and
delivered quite different results. Under A2 and B2 scenarios respectively, temperature rise for
Europe is predicted to be 3.9°C and 2.5°C under the HadAm3h model suite and as much as
5.4°C and 4.1°C under the ECHAM4 model suite. On a regional basis, HadAm3h is more
optimistic about temperature changes, with maximum increases in southern and northern
Europe of between 4°C to 5°C, while ECHAM4 sees large parts of southern and central
Europe increasing to between 7°C and 8°C (both under A2 scenario). With regards to the
British Isles, HadAm3h predicts a reduction in overall rainfall (of 5% to 10%) while
ECHAM4 predicts on overall increase in rainfall, particularly in the northern parts (of 5% to
40%).

Despite these differences, there are certain patterns in common between the model suites.
Very large temperature increases are expected for both the southern and northern countries
with relatively lower temperature increases in the British Isles. Significant reductions in
precipitation are expected in southern and central Europe (from 10% to 40%) and as much as
60% in Cyprus, with extended droughts and water shortages expected in areas already
experiencing water scarcity. Northern Europe will see substantial increases in precipitation
(from 10% to 40%) with as much as 80% in parts of Norway which are likely to be very
seasonal causing wetter winters and drier summers.

Understanding the differences between these predictions, how regions will be affected and
what seasonal changes are expected is vital to planning adaptation strategies. For instance, the
study suggests that the lower warming scenarios under the HadAm3h would lead to small
changes in yields for the EU, while the 5.4°C scenario could mean a fall in crop yields of 10%
(Ciscar et al, 2009). Agriculture is also likely to be highly sensitive to extreme climatic events
such as hot spells, heavy storms, intense rainfall or droughts (Parry, 2000; cited in EEA,
2005d). Overall, it is likely that intensive farming systems in western Europe have a lower
sensitivity to climate change and are generally well resourced to cope with changes. It is
farmers in southern and, to a certain extent, eastern countries that may be among the most
vulnerable (EEA, 2005d).

2.2.3 Adaptation measures

The most important adaptation measures for agriculture and related land management needs
are described in Box 2.2 and can be summarised as:

Water conservation and protection;

Altering planting dates and cultivars;

Changes in land use;

Alterations to livestock management;

Improved pest control; and

Ecosystem and biodiversity protection (ecosystem—based adaptation).

There is the potential for many of these measures, especially ecosystem-based measures, to
provide wider benefits for land services. Ecosystem-based adaptation identifies and
implements a range of strategies for the management, conservation and restoration of
ecosystems to provide services that enable people to adapt to the impact of climate change. It
aims to increase the resilience of ecosystems and people in the face of climate change
(AHEWG, 2009; CBD AHTEG, 2009). On the other hand, the implementation of some
adaptation measures to climate change could cause significant adverse effects if not co-
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ordinated and developed carefully. For instance, increased irrigation in southern countries has
already been shown to affect biodiversity adversely through the deterioration of habitat such
as the reduction of the water table and river flows, drainage of wetlands and the salinisation
and contamination of groundwater (Baldock et al, 2000). The increase risk of damage from
pests and diseases could lead to an uncoordinated increase in pesticide use. Substantial land
use changes will have implications for the natural environment as they would disrupt
relationships between farmland species, their habitats and land management practices over
long periods of time (Bignal and McCracken, 1996; cited in Cooper and Arblaster, 2007).
This has been demonstrated for British BAP species, a majority of which are likely to
experience changes in their range or suitability of their habitats by 2020, 2050 and 2080
(Walmsely et al, 2007). This will require the development and maintenance of an interlinked
network of habitats to ensure species survival (Opdam and Wascher, 2004; Chambers and
Ball, 2007; cited in Cooper and Arblaster, 2007).

While farmers are already making adjustments to changes in climate, such as altering the
times of sowing, conditions are likely to reach a point after which small scale changes will no
longer be sufficient. Some of the ad-hoc responses are likely to have adverse environmental
impacts such as increased water use and application of fertiliser and pesticides. This suggests
that a co-ordinated response at national and EU level may be required. Capital investment
may be needed to make changes from one land use type to another or to adjust existing
infrastructure such as animal housing or irrigation systems. Support under the CAP may be
needed to address the increased costs of farming, such as the cost of diversifying crop
rotations to reduce farm vulnerability. Also, the use of Pillar II spending through modulation
can encourage the use of small-scale water conservation measures such as water collection
from farm buildings and the construction of on farm water reservoirs.

There will certainly be a role for the European Commission to co-ordinate adaptation
strategies and to oversee consultation of stakeholders at all levels. While certain issues will be
adequately dealt with at a national level, there are many issues which will require pan-
European co-operation. This response will have to include excellent communication to the
farming community and other land use stakeholders of the likely impacts of climate change
and associated risks and opportunities.
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Box 2.2. Potential measures to facilitate adaptation of agricultural systems to climate
change

Water conservation and protection

Expanding the area under irrigation and increases in the intensity of water use is a likely
response to changes in precipitation and drier summers, in particular in southern Europe.
However, this will likely have adverse effects such as the deterioration of habitat by the
reduction of the water table and river flows, drainage of wetlands and the salinisation and
contamination of groundwater (Baldock et al/, 2000). In addition, higher use of agricultural
inputs in order to increase returns can increase pollution incidents and contamination of water
courses. The EC Green Paper on Adaptation emphasises that the role agriculture should play
through efficient use of water in dry regions and protection of water courses against excessive
nutrient flow.

Methods of adapting to low water availability will become increasingly important. Existing
irrigation systems can be made more efficient by reducing leaks and improved timing and
volume of water distribution to make irrigation more precise. Conservation tilling, the
practice of leaving some of the previous year’s crop residues on the soil surface, may protect
soil from erosion and maintain moisture and infiltration, but as it requires heavy machinery, is
unlikely to be suitable in large parts of Europe where fields are sloping (Cooper and
Arblaster, 2007). Protection of upland bogs, forests and floodplains could be a key strategy to
protect catchments and ensure water retention. The construction of small-scale water
conservation measures such as water collection from farm buildings and the construction of
on farm water reservoirs to store increased winter rainfall for drier summers is likely to
become important, and has recently been recommended by the National Farmers Union in the
UK (West and Gawith, 20054, b; cited in EEA, 2005d).

Altering planting dates and cultivars

Changes to the seasonal timing of life cycle events due to changes in mean weather conditions
are already observable in Europe, although attributing these to climate change directly is not
yet possible. Sowing dates for maize have advanced 10 days in Germany and up to 20 days in
France (EC, 2007), which suggests that farmers are already adapting to new climate
conditions. There are some opportunities to be exploited. Increased temperatures will mean
longer growing seasons which will allow crops to be sown earlier. In southern states, this
could mean crops reaching maturity earlier in the season and avoiding the extreme hot
temperatures of mid-summer. Elsewhere, it could increase the output of long season cultivars.
This could be enhanced by using strains of crops from different regions more suitable to the
new conditions. Biotechnology offers the opportunity to develop crops that are more resistant
to more difficult growing conditions and to diseases and pests.

Changes in land use

A comprehensive response to climate change will ultimately result in more substantial
changes to the type of agriculture and where it is practiced. Crops will have to be selected that
are best adapted to the new growing conditions, such as those less dependent on irrigation or
deep-rooted crops such as Lucerne that survive better in hot and dry conditions. In central
Europe, optimal land use may see the reduction of crops less suited to increased temperatures
and lower water availability such as spring wheat, barley, potato and increasing the area of
winter wheat, maize and vegetables (Olesen and Bindi, 2002; cited in Cooper and Arblaster,
2007). In the long-term, certain water-intensive crop growing activities may have to cease in
vulnerable areas; the rice sectors in Spain, Portugal and Greece are thought to be particularly
at risk (Agra Europe, 2007; cited in Cooper and Arblaster, 2007).

Diversifying the crop rotations and maintaining a combination of crop types can be an
effective way of limiting farm vulnerability to climate change. However, this remains costly
as it is more labour intensive and can affect farm profitability.
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Alterations to livestock management

Changes to temperature may reduce the need for winter housing of animals although this
could be affected by the increased risk of soil erosion and poaching due to increased rainfall
in northern countries. For animals that remain indoors ventilation systems may have to be
improved or temperatures reduced through the use of sprinkler systems. In areas of much
hotter climates, additional shade could be provided for livestock through the restoration of
hedges and planting of trees, which would also be beneficial for biodiversity. There may need
to be more wholesale changes to the type of stock to allow for breeds that are more resistant
to new climates. It is important to note that the increased risk of disease may result in the rise
of chemical and medicinal use, with potential adverse environmental impacts.

Improved pest control

Changes in temperatures are likely to increase the ability of pests to spread and persist over
the winter, resulting in a corresponding increase in pesticide use. Pest and disease control can
be improved through better monitoring of pest movements, diversified crop rotations or
integrated pest control methods (AEA, 2007).

Ecosystem —based adaptation

According to the EC Green Paper on Adaptation, agriculture will become increasingly
important in the provision of ecosystem services including the management of multifunctional
landscapes. However, the protection of these services will also be an important part of any
agricultural adaptation programme. For example, in upland areas the restoration of peatlands
or the regeneration of tree cover could help water retention and help even the distribution of
water between the seasons. Hedges and trees also reduce surface water run-off and act as
wind breaks and provide shade cover in warmer climates. In addition, the genetic diversity
present in the wild could be an essential component to developing climate resistant crop and
livestock varieties. In some cases biodiversity can help with pest control, such as the
population control of insects carrying bluetongue disease by bats in Ireland (Catherine
Connolly, pers. comm.). Improved soil management options, such as reducing tillage and
disturbance could provide benefits of reducing moisture loss and reduce their vulnerability to
drought, flooding and water-logging, which would also have benefits for wildlife and soil
quality.
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3 ANALYSIS OF LAND COVER TRENDS AND PROJECTIONS OF
LAND USE FOR THE NEXT 25 YEARS

Marta Pérez-Soba, Gerard Hazeu, Peter Verburg, Michiel van Eupen, Matthijs Danes and
Laure Roupioz (Alterra)

3.1 INTRODUCTION

Specification description

The contractor shall collect and analyse relevant data concerning land cover and, to the
extent possible, land use and land use changes in the past 25 years on the basis of European
and national statistics, research projects, CORINE Land Cover data, etc. In particular, the
contractor shall also gather relevant information concerning current and prospective trends
in spatial distribution, such as habitat fragmentation and existing or planned biodiversity
corridors at various scales across EU, on farmland intensification/marginalisation (including
land abandonment) and on permanent grasslands to show the evolution of the amount and
status of permanent grasslands across the EU.

On the basis of past trends, the contractor shall provide a reasonable estimate of how land
cover and, to the extent possible, land use will evolve in the next 25 years in the EU, assuming
a "business as usual" scenario, but taking into account existing data which indicate how the
key trends in climate change are likely to impact on different parts of the EU.

On the basis of this and our interpretation of the overall goals of this study, this task was
divided into the following sub-tasks:

e Task 1.1 Collection and review of land cover/land use change data in the past 25 years

e Task 1.2 Identification of main trends and patterns in land cover/land use change

e Task 1.3 Estimate the future trends in land cover/land use following a ‘business as usual
scenario’ considering climate change

The methods, results and conclusions from each of these sub-tasks are described below, with

further detailed data provided in the Technical Appendices to this report and as separate Excel
files.
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3.2  COLLECTION AND REVIEW OF LAND COVER/LAND USE CHANGE
DATA IN THE PAST 25 YEARS

3.2.1 Review of existing data sources and selection of appropriate sources for the land
cover/land use change assessment in the last 25 years
In the review of state-of-the-art information on land cover/land use changes in the last 25
years the following datasets were taken into consideration:
e Corine Land Cover (CLC) 1990 and 200015,
e BIOPRESS (Gerard, et al, 2006 and Thomson et al, 2007);
e Pan-European Land Cover database (PLCM)(Hazeu et al, 2008a,b), including
PELCOM and GLC2000
e Historical land cover dataset for 1960 (HISLU60)(Kramer and Mucher, 2006);
High resolution soil sealing layers produced by a consortium of European service
providers under contract with EEA16;
Land and Ecosystem Accounts (LEAC)!7 for Europe 1990-2000
Farm Structure Survey (Eurostat)
Permanent grassland database (DG Agri)
High Nature Value (JRC/IES)

In the following sections, these selected datasets are described in detail, including an
estimation of their accuracy regarding the objectives of the spatial analysis of land cover/use
changes in this project. The information presented is mostly based on the projects FP6
Echochange, FP6 NitroEurope, and FP5 Biopress.

The farm structure, permanent grassland and High Nature Value (HNV) datasets were
reviewed as well in order to check if they could contribute to a better "snapshot picture" of a
given land use in the past, to improve the information derived from the CLC data sets.

CORINE Land Cover 1990 and 2000

Description

The CORINE (CO-oRdination of INformation on the Environment) programme was initiated
by the EU in 1985. A number of databases were created within this framework with the aim to
give information on the status and changes of the environment. One of these databases is the
CORINE Land Cover database 1990 (CLC1990). The IlandCLC2000 project resulted in an
update of the CLC1990 database, the so-called CLC2000 database. Besides the CLC2000
database, the project delivered also a revised version of the CORINE Land Cover database
1990 (CLC1990rev) and a change database (CLC-change 90-00) containing all land cover
changes larger than Sha between 1990 and 2000.

15 CLC 2006 will only be available for some of the EU27 countries at the end of 2009 (based on ETC LUSI
Pers. Communication)

16 http://etc-lusi.eionet.europa.eu/CLC2006/FTSP/built-up_areas

17 Land Accounts for Europe 1990-2000. Towards integrated land and ecosystem accounting. EEA report
11/2006, ISSN 1725-9177.
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The CLC2000 database has an extended geographical coverage (36 countries) compared to
CLC1990 (26 countries) (Figure 3.1 bottom and top respectively). For that reason the change
database has also a limited geographical coverage!s.

The land cover information is derived from high resolution satellite data (Landsat-TM/ETM)
by computer assisted visual interpretation in combination with ancillary data. The final CLC
database consists of a geographical database describing land cover/use in 44 classes grouped
into a three level hierarchical structure. The CORINE land cover nomenclature has 5 major
categories at the first level, 15 land cover categories at the second level and 44 categories at
the third level (see Table 3.1). The land cover classes are extensively described in Bossard et
al (2000). Other technical specifications are a minimum mapping unit of 25ha and a minimum
width of 100m for line elements. The scale of the land cover database is 1:100.000 (Heymann
et al, 1994). See also Biittner et al (2004) and Feranec et al (2007a,b) for more details on the
computer aided visual interpretation, geometrical and thematic correction/revision of
CLC1990, and the change detection methods.

Accuracy

An assessment of the thematic accuracy of CLC2000 by using LUCAS (land use/cover area
frame statistical survey) revealed that the accuracy requirement of 85% was fulfilled. At
individual class levels there were differences ranging from > 95% (rivers, lakes, industrial and
commercial units and discontinuous urban fabric) to < 70% (sparse vegetation) (Biittner and
Maucha, 2006).

Currently, the CLC2006 programme is running with the focus on land cover changes between
2000 and 2006. The methodology is comparable with the CLC2000 update; computer aided
visual interpretation of changes larger than Sha (Biittner e al, 2007). The integration of land
cover changes with CLC2000 will result in CLC2006. The CLC2006 will extend the spatial
and temporal coverage for land cover/use change analysis, but is not yet available. The CLC-
change 00-06 database and CLC2006 is expected to be ready at the end of 2009, but not in
time for inclusion in this study.

Appropriateness for this project

The CLC1990 and CLC2000 datasets are selected to be used in this project because they are
the most complete, detailed and consistent datasets regarding land cover for EU27. The
CLC1990 and CLC2000 databases have a different extent so the land cover/use changes are
only known for a limited number of countries (28 countries of which 23 belong to the
EU2719).

18 Although CLC90 is not available for the United Kingdom and Serbia and Montenegro these countries are
included in the land cover accounting (LEAC).

19 Cyprus, Finland, Malta and Sweden are the missing countries regarding a CLC change analysis for EU27.
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Figure 3.1. The geographical extent of CLC1990 (top) and CLC2000 (bottom).
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