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Glossary  

Brownfield: Derelict underused or abandoned land which has been previously developed for 

industrial, commercial or residential purposes, and which may have real or perceived contamination 

problems. Urban brownfield is limited to land within existing urban areas (definition adopted for the 

purpose of this study from the definition of brownfields used in the EC Guidelines on best practice to 

limit, mitigate or compensate soil sealing).  

Brownfield redevelopment: Bringing brownfield land back into use. This involves one or more of the 

following: bringing the site back into market without change in land use, changing existing or past land 

use by integrating the site into planning strategy for the local or regional area (this includes also re-

naturalisation and de-sealing of brownfield land) and cleaning up existing soil pollution. 

Direct land use: Land use directly required for the provision of specific agricultural or forestry 

products or services. 

Ecosystem function: The capacity of an ecosystem to provide ecosystem services. 

Ecosystem service: The direct and indirect contributions of ecosystems to support the economy and 

human well-being including food, materials, clean water, clean air, climate regulation, flood prevention, 

pollination and recreation. 

 “Embedded” land: Land areas that were appropriated in elsewhere to produce an imported good. 

Environmental impacts: Changes to the environment, either adverse or beneficial, that result from 

external pressures. In this study, EU consumption is considered as an external pressure and the 

relationship between EU consumption and environmental impacts is one of cause and effect. 

Erosion: Removal of soil material by water, wind or, to a lesser extent, tillage or harvesting. 

Global impacts: In the context of this study, they encompass the environmental and social impacts 

related to the consumption of food, feed, bio-energy and other biomaterial products. The identified key 

global impacts are deforestation, soil degradation, nutrient pollution, biodiversity loss, GHG emissions 

and climate change and social impacts such as food availability, labour conditions and land tenure. 

Global sustainable land use: A global land use system that allows natural and cultivated areas to 

sustain their respective ecosystem services while allowing a fair per capita resource distribution to fulfil 

basic and context specific needs.  

Indirect land use change (ILUC): Land use and corresponding land use changes, which are 

indirectly driven by direct land use change elsewhere (Plevin et al., 2010). For example, expansion of 

cropland production in Southern Brazil dislocates the former cattle production to northern Brazil, 

thereby indirectly contributing to deforestation of the Amazon. 

Land: The terrestrial bio-productive system that comprises soil, vegetation, other biota, and the 

ecological and hydrological processes that operate within the system” (UNCCD). 

Land cover: Physical and biological cover of the Earth's surface (e.g. infrastructures, cropland, 

woodland, shrubland, grassland, bare land, wetlands and water bodies) (EEA). 

Land degradation: Interaction of biophysical and socio-economic processes that negatively affect soil 

function and in particular land’s productive capacity (UNEP, 2003). 

Land displacement: Tendency of nations with rising affluence to ‘outsource’ a growing share of their 

cropland requirements to third countries and mainly involves leakage and indirect land use effects 

(Lambin and Meyfroidt, 2011).  
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Land footprint indicator: An indicator to assess the total domestic and foreign land required to 

satisfy the final consumption of goods and services of a country or world region. The land footprint is 

an area-based indicator measured in area units (e.g. hectares). In other publications, the terms global 

land use (GLU) and actual land demand (ALD) where used synonymously (see UNEP, 2014; Erb, 

2004). 

Land recycling: Redevelopment of previously developed land (brownfield) for economic purpose, 

ecological upgrading of land for the purpose of soft-use (e.g. green areas in the urban centres) and re-

naturalisation of land (bringing it back to nature) by removing existing structures and/or desealing 

surfaces.  

Land take: The amount of agriculture, forest and (semi-)natural land taken by urban and other artificial 

land development (EEA). 

Land use: Purpose which land is committed to, including the production of goods (such as crops, 

timber and manufactures) and services (such as defence, recreation, biodiversity and natural 

resources protection). 

Organic soil: Soil that contains a high amount of organic matter (European Commission, 2008). 

Soil: upper layer of the earth’s crust, resulting from the alteration of rock and enriched with organic 

matter, which can support plant life.  

Soil organic carbon (SOC) content: Amount of carbon stored in one kg of soil (% or gC/kg soil). 

Soil organic matter (SOM): Organic fraction of soil, composed by entirely or partially decomposed 

matter. 

Sustainable consumption: The use of goods and services to satisfy basic needs and bring a better 

quality of life without compromising the ability of others, both current and future generations, to meet 

their own needs. Such a concept of consumption requires the optimisation of consumption subject to 

maintaining services and quality of resources and the environment over time. 

Sustainable production: Providing goods and services to meet basic needs of the world population 

without compromising the already burdened environment and ecosystems, i.e. producing goods and 

services more efficiently, and with the best available techniques, with the aim to use fewer resources 

and to generate less environmental impacts. 

Third countries: Countries outside the EU, where land areas are appropriated by products being 

imported by the EU. 

Urban areas: Geographic area with a high density of people over a limited area. Homes and other 

types of buildings tend to be close together (EEA). Areas within the legal boundaries of cities and 

towns; suburban areas developed for residential, industrial or recreational purposes (EIONET). 

Wetland: Natural or artificial land area saturated with water, either permanently or seasonally, that is 

characterised by a specific ecosystem. Water can be static, flowing, fresh, brackish or salt, with depth 

at low tide that does not exceed six metres (Wetlands international, 2014).  
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1. Introduction  

1.1. Scope of the document 

Work has been taking place at the European Commission for the preparation of a Land 

Communication aiming at defining a policy agenda for a prudent and rational use of the land 

resources
1
 at European level.  

As a starting point, a conference was organised in June 2014 in Brussels
2
. The need to raise 

awareness about the intrinsic value of land as a vital resource and provider of multiple functions and 

ecosystem services was made evident at this event, as land should be considered a limited resource 

in the EU and worldwide, particularly in the context of global challenges such as climate change, water 

scarcity, increasing food demand, deforestation and loss of biodiversity. 

The present contract was originally aimed to support the definition and assessment of potential 

options for action at the EU level developing a common EU vision for land use efficiency and halting 

land degradation, taking into account the current policy framework and the principles of subsidiarity 

and proportionality, and including a consultation of EU stakeholders and the public. However, because 

the Land Communication was eventually withdrawn from the 2015 Work Program of the European 

Commission, the public consultation could not be launched. Consequently, the scope of the related 

contract has changed and the present report aims to present the problem definition and detail possible 

areas for EU action, which would be further subject to an impact assessment including a public 

consultation, once the inclusion of the Communication in Commission’s work programme is decided.  

Work is on-going in parallel in the Commission and the EEA on the definition of indicators, 

assessment of trends and policy scenarios for Land Use Efficiency and Land Degradation, which will 

eventually feed policy options on targets to be proposed at EU level, which are therefore not included 

in the present report. 

1.2. The issues at stake 

Land
3
 is the terrestrial bio-productive system that comprises soil, vegetation, other biota, and the 

ecological and hydrological processes that operate within the system. Land provides a wide variety of 

resources that are fundamental to the economy and the well-being of people: the physical space for 

residential, commercial and industrial buildings and infrastructure, the food, feed, wood, fibre, 

bioenergy and also abiotic materials extracted from the earth, regulating and supporting ecosystem 

services such as fertile soils, climate regulation, water purification and flood protection. It also 

accommodates habitats for a multitude of species which are the basis for biodiversity. Land plays an 

important role culturally and socially as part of our heritage and recreational activities.  

Rising demands for food, feed, energy, materials, settlements and infrastructure are increasing 

the competition for productive and strategically placed land
4
. This leads to loss of biodiversity, impacts 

on human well-being and social fabric, in other words to land degradation, which can be defined as 

                                                      

 

 
1
 As required by Art. 191(1) of the TFEU 

2
 http://ec.europa.eu/environment/land_use/conference_en.htm Conclusions are available in all EU languages 

3
 As defined in UNCCD Art 1e 

4
 See International Resource Panel Report “Assessing Global Land Use”, Bringezu et al. 2014 at 

http://www.unep.org/resourcepanel/new/ResearchPublications/AssessmentAreasReports/LandSoils/tabid/133334

/Default.aspx  

http://ec.europa.eu/environment/land_use/conference_en.htm
http://www.unep.org/resourcepanel/new/ResearchPublications/AssessmentAreasReports/LandSoils/tabid/133334/Default.aspx
http://www.unep.org/resourcepanel/new/ResearchPublications/AssessmentAreasReports/LandSoils/tabid/133334/Default.aspx
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the permanent loss of the multi-functionality of land and its ecosystem service capabilities. Current 

practices of land use, management and planning do not seem to ensure that land as a resource can 

continue to perform all its productive, socio-economic and environmental functions in the future. It is 

therefore urgent to pave the way for a more efficient use of land as a resource. 

The job and growth opportunities that a sustainable bio-economy could provide, as well as the 

upcoming discussions on the climate and energy investments for the period after 2020, and the 

related decisions on land use, will require that decisions on land use at EU, national or local level are 

taken on the basis of a solid knowledge base and common efficiency considerations. By many 

accounts the EU is not making the most efficient use of its land: 

 Land take: 1,000 km
2
 of agriculture or natural land are taken every year by urbanisation and 

infrastructure. The growth of artificial areas goes well beyond the growth of population in Europe, 

and is paradoxically coupled with an increasing share of existing urban and industrial areas being 

abandoned.  

 Land degradation: In terms of quality, land is increasingly being degraded in the EU either by 

intensification or abandonment (soil erosion, loss of organic matter, depletion of water resources, 

loss of biodiversity, etc.), thus constraining the type of uses and quality of services that it can 

provide in the future.  

 Global land footprint: Europe is increasingly dependent from land in third countries, e.g. due to 

the loss and qualitative degradation of fertile soils in the EU. The increase in imports of agricultural 

products from third countries triggers development gains, but also strong social and environmental 

impacts if not properly managed.  

This threefold problem of land take, land degradation and increasing land footprint triggers substantial 

economic and social costs, which often overweight short term benefits from land use. An important 

share of EU production, consumption, investments and jobs are directly or indirectly dependent on the 

quantity and quality of natural capital. The loss of carbon in soil or vegetation triggered by land use 

changes has strong consequences for our ability to reach climate mitigation targets, and the overall 

costs of doing so. Land degradation has strong impacts in terms of increased flood risks, sediments, 

forest fires, resulting in high opportunity costs for public finance and private sectors, and important 

distributive effects. The inefficient increase of urban areas has an important cost in terms of energy 

consumption, costs of congestion and maintenance of infrastructure, impacting public finances and 

competitiveness. Losing the multi-functionality of land management can have significant negative 

impacts on rural communities, both in terms of job and economic activities, and in terms of access to 

the land. Finally, there is little understanding of the likely nature and extent of medium- to long-term 

pressures on land use, and therefore little vision of how policies can help to ensure long-term 

sustainability. 

Tackling coherently the land take, land degradation and land footprint problems can have broader 

positive implications for other EU issues such as energy security, climate change adaptation and 

mitigation, food security and biodiversity conservation. Moreover, it can make an important 

contribution to the new Commission's growth, jobs and investment agenda and hence to the political 

priorities of the Commission, addressing trade-offs and supporting strategic decisions on land use 

priorities, and at the same time promoting sustainable growth at local, national and global level.   
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1.3. Policy context 

The issue of land as a non-renewable limited natural resource is getting increasing attention globally, 

at national and at EU level.  

As part of the global recognition of issues related to unsustainable land use, world Leaders at the UN 

Conference on Sustainable Development held in June 2012 in Rio de Janeiro (Rio+20) recognised
5
 

land and soil degradation as a global problem and committed to "strive to achieve a land degradation 

neutral world in the context of sustainable development". At the EU level, the European 

Commission’s Roadmap to a Resource Efficient Europe
6
 proposed “to achieve no net land take by 

2050”. More recently, the 7
th
 EU Environment Action Programme (7

th
 EAP)

7
 aims to ensure that by 

2020 “land is managed sustainably in the Union, soil is adequately protected and the remediation of 

contaminated sites is well underway”. 

Tackling land degradation not only enhances food security and mitigates climate change; policies 

aiming at improving land use efficiency can positively contribute to the new Commission’s priorities of 

strengthening Europe’s competitiveness and building a resilient Energy Union, as it improves private 

sector confidence, and hence willingness to invest in policies based on a credible long-term vision for 

land use. 

While land use is very closely linked to subsidiarity, the justification for action at EU level is fivefold: 

 EU environmental policy has a strong impact on land use at national, regional and local 

levels. EU framework legislation, including in particular the Strategic Environmental 

Assessment (SEA)
8
, Environmental Impact Assessment (EIA)

9
 and Habitats

10
 Directives, 

Water Framework Directive
11

 and Nitrates Directive
12

, has profound implications for the way 

the land is planned, managed and used locally.  

 Other EU policies such as the Common Agricultural Policy, EU Energy, Transport and 

Cohesion policies are likewise a strong driver of land use changes at local, national and EU 

levels. Policy developments in the area of the bio-economy and climate change are also 

expected to have strong land use implications for the EU. It is therefore essential to provide a 

coherent assessment framework that could serve i.e. as an input for the reflections on the 

future reform of the EU Agriculture and Cohesion policies that will start already in 2016. 

 Damage to ecosystem services from land use in one Member State will add to pressure 

on land use across the EU, through its impacts on food production, carbon sequestration, 

and more generally on the natural capital. 

 Reversely, local, regional or national land use decisions have direct or indirect impacts on land 

use, triggering the need for a co-ordinated approach among different governance levels 

(local, national, European). The common policy agenda could help build common conceptual 

and methodological frameworks and identify the best tools and actions to drive a more 

coherent and efficient land use. Moreover, with the current economic and social crisis context, 

it has become even more pertinent to address the issues of land use efficiency and land 

degradation also at the EU level. 

                                                      

 

 
5
 'The future we want', paragraph 206 (http://sustainabledevelopment.un.org/futurewewant.html)  

6
 COM (2011) 571 final 

7
 http://ec.europa.eu/environment/newprg/index.htm  

8
 Directive 2001/42/EC 

9
 Directive 2011/92/EU amended by 2014/52/EU 

10
 Directive 92/43/EEC 

11
 Directive 2000/60/EC 

12
 Directive 91/676/EEC 

http://sustainabledevelopment.un.org/futurewewant.html
http://ec.europa.eu/environment/newprg/index.htm
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 Future EU initiatives on land would also highlight the growing importance and political support 

for addressing soil degradation at the global level, particularly in the context of the 

implementation of the Sustainable Development Goals (SDGs), and contribute to policy 

development in the framework of international, regional and national strategies. 

1.4. Building an EU vision for sustainable use of land as a resource 

Responses are implemented at various levels to halt land degradation and achieve a more efficient 

land use.  

While addressing unsustainable demand (for food, energy or space for settlement and 

infrastructure) appears as the most efficient way to reduce the pressure on land, the effectiveness of 

policy instruments to curve the demand, such as economic instruments, labelling or certification 

schemes, often remains insufficient. Another strategy would be to balance consumption by more 

sustainable supply. In this respect, strategic land reduction targets may boost the growth of a smart, 

innovative and sustainable (bio)economy by promoting greater efficiency across the life-cycle and 

reducing wasteful and excessive consumption practices
13,4.  

A more productive use (meaning more output and value and/or less inputs such as energy, water 

and fertilisers per unit of land) can be derived from using the same amount of land resources. 

Sustainable intensification, although still ill-defined across Europe, aims to support a sustainable and 

internationally competitive rural economy. It is expected to have direct benefits for the biodiversity 

compared to conventional intensive systems as well as to avoid land take outside of the EU. Similarly, 

the concept of compact cities has been increasingly promoted in the EU for its capacity to safeguard 

surrounding natural landscape, including farmland and natural biodiversity (e.g. distinct border 

between urban and rural land use), and increase the overall efficiency of urban land (mobility, local 

access to infrastructures and services, reduction of investment and maintenance costs for transport-

energy-water-waste networks, diversity of local services and jobs, integration of land uses). However, 

these strategies of sustainable agriculture/forestry intensification or compact cities/densification 

strategies face limits, as they may respectively e.g. rely on an increasing use of crop protection 

products, or trigger a further loss of ecosystem services. 

The potential of sustainable intensification depends on current productivity and environmental 

performance of agricultural systems across the EU, and is very limited on the most productive 

countries. 

Land can then be used in a more multifunctional way, meaning several functions can be obtained 

simultaneously using the same amount of resources. There are good examples of measures (natural 

water retention, green infrastructure, agro-forestry, urban agriculture, etc.) that increase the multi-

functionality of land (economic, social, and environmental). While they often appear less effective for a 

specific function (provisioning services, settlement), the accounting of multiple benefits and the 

provision of ecosystem services makes them much more attractive. The concept of green 

infrastructure, which refers to an interconnected network of natural areas and other open spaces, 

recognises the importance of ecosystems, the services they provide and the complex ways in which 

they are connected to each other and to society
14

. It promotes the idea that better integration of land 

uses and spatial connectivity is essential to maintain ecosystem services and cope with potentially 

                                                      

 

 
13

 O’Brien, M., Schütz, H., Bringezu, S. (2015). The land footprint of the EU bioeconomy: Monitoring tools, 

gaps and needs. Land Use Policy. Volume 47, September 2015, Pages 235–246 

14
European Commission, 2013, Building a Green Infrastructure for Europe, available at 

http://ec.europa.eu/environment/nature/ecosystems/docs/green_infrastructure_broc.pdf 
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changing conditions in the future
15

. As part of Green Infrastructure, Natural Water Retention Measures 

are multi-functional measures that aim to protect water resources, safeguard the environmental 

services they provide, and favour climate change adaptation and reduced vulnerability to floods and 

droughts, by restoring or maintaining landscape (e.g. floodplains and wetlands), soils and aquifers 

using natural means and processes
16

. 

 

Such solutions, and their still untapped potential, evidence the need for a more comprehensive 

approach for tackling land use inefficiencies, land take, land footprint, indirect land use changes 

and global land degradation, with a robust set of indicators and aspirational objectives consistent 

with EU policies, based on a clear and credible understanding of land-use pressures over the medium- 

to long-term, and of how to manage them in the context of a finite resource. 

A joint JRC-EEA report, in preparation, will provide methodologies and indicators at EU level for 

implementing the above described vision and action plan. This methodological framework will be 

based on EU-wide datasets and tools such as CORINE land cover and the LUISA model, as well as 

on proposals from EU research projects such as VOLANTE. It will also take account of concrete 

experiences and best practices for the implementation of efficient and sustainable land use planning at 

national, regional or local level, such as the no-net-land-take target in Germany or Flanders, or the 

Scottish National Sustainable Land Use Strategy.  

Better information is needed to enable better decision making in relation to land-use planning and to 

provide greater transparency. To support the vision and make the proposed actions operational, the 

JRC-EEA report will propose indicators for land degradation, land use efficiency, land take and land 

footprint. These indicators will be used in the attempt to establish aspirational objectives and to further 

support an effective and consistent integration of land use into EU policies. The assessment will be 

based on the conceptual framework of Land Use Functions (LUFs)
17

. These functions express the 

goods and services that the use of the land provides to human society, which are of economical, 

ecological and socio-cultural value and are likely to be affected by policy changes. This concept 

implies a careful consideration of long term attributes of resilience and robustness that are to maintain 

underlying ecosystem processes. They are illustrated in Figure 1 below. 

                                                      

 

 
15

 Maes, J., Barbosa, A., Baranzelli, C., Zulian, G., Batista e Silva, F., Vandecasteele, I. (2015). More green 

infrastructure is required to maintain ecosystem services under current trends in land-use change in Europe. 

Landscape Ecology (Impact Factor: 3.57). 02/2015; 30(3):517-534. DOI: 10.1007/s10980-014-0083-2 

16
 EU policy document on Natural Water Retention Measures”, WG PoM, 2014 

17
 The concept was developed in the FP6 SENSOR and ESPON EU-LUPA projects, see 

http://www.espon.eu/main/Menu_Projects/Menu_AppliedResearch/EU-Lupa.html  

http://www.espon.eu/main/Menu_Projects/Menu_AppliedResearch/EU-Lupa.html
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Figure 1: Land Use Functions 

 

 

However, while indicators can help to improve policy coherence, they are not a substitute for it; and in 

particular they will tend to lag behind the critical policy and development decisions and their impacts.  
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2. The scope for action at EU level  
The present background document provides an analysis of the concrete policy issues for which an 

intervention at EU level could provide added value, and identifies options in four areas: 

(1) Land use decisions do not properly take into the real costs to society of unsustainable land 

use and land use change, and the benefits for land recycling and soil protection. 

(2) There are failures in the design, the coherence or the implementation of EU or national 

policies and regulations, which prevent the achievement of sustainable land management. 

(3) The prevalence of sectoral approaches, short term-decisions, as well as the lack of spatial 

coordination and prioritisation of land functions in land management, prevent the optimal and 

efficient use of land across socio-economic activities and geographical areas in the long run. 

(4) The systems for assessing/monitoring land use, land efficiency and land degradation need to 

better match the policy needs, and there is scope for a more efficient articulation of data 

gathering processes. 

The following sections provide a detailed description of each of these policy issues, review the 

contribution of current policy instruments at the EU or national levels, analyse the need for action at 

EU level, and identify possible policy options. The annex, p.34, provides further background 

information on the drivers, pressures, trends (state) and impact of land cover and land use changes. 

2.1. Addressing the full range of impacts on land use to ensure more adequate 
land use decisions 

Land use decisions do not properly take into account the real costs and benefits to society of land use 

and land use change, including unsustainable impacts on the quality and availability of land, and the 

broader benefits society derived from land recycling and soil protection for the long-term delivery of 

services which are crucial for EU economy. The drivers of land degradation are multiple, and are 

usually the product of the aggregation of actions and decisions by individuals and individual 

businesses. These actions and decisions are guided by broader forces, including in particular public 

policies (for example, in transport, housing, or energy) and market pressures such as the short term 

competitiveness pressures facing the farming sector. In principle, the best policy response to an 

inadequate internalisation of external pressures would be to develop pricing mechanisms to better 

reflect those pressures. In practice, however, the diffuse nature of impacts on land use coupled with 

the administrative complexity of developing pricing mechanisms to reflect them, suggest that we need 

to rely on alternative approaches, in line with the emphasis placed by the Commission’s political 

guidelines on avoiding over-prescriptive and over-detailed regulation.  

2.1.1. Problem description 

The assessment of drivers of land degradation and inefficient land use reveals the connections 

between urbanisation processes, structural changes in the property sector, economic and financial 

cycles, as well as the role of the banking system and of the financing of local institutions. The 

formulation of a robust land use efficiency policy cannot neglect these economic components. 

Economic recovery strategies often do not consider the negative feedbacks of a degradation of land’s 

natural capital, or the potential for positive synergies through investment in rehabilitation of brownfield 

sites. 

Negative externalities of specific land management practices and land use changes are not properly 

reflected in market prices (of land, associated raw materials and commodities), or by tax mechanisms, 
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and are instead borne by others in society, or by society as a whole. Examples include the 

infrastructure costs of urban sprawl, the remediation of contaminated sites, the loss of access to land 

by local communities, or the treatment costs of freshwater polluted by excessive use of chemicals. 

Market prices and tax mechanisms do not consider either the fact that in some cases the aggregate 

cost of individual decisions may sum to a significantly greater cumulative impact as environmental 

limits are approached. For example, the loss of one breeding ground may not threaten survival of a 

species; but loss of the majority of breeding grounds will; or the social impact of loss of access to one 

forest may be surmountable, while loss of access to half of remaining forest areas would be 

significantly more harmful. Furthermore, externalities related to the global land impacts of EU 

consumption, through direct and indirect land use change, remain little understood and tackled in 

practice. 

Conversely, positive externalities associated with the provision of many vital ecosystem services (e.g. 

carbon sequestration, soil fertility, flood protection, etc.) through the environmental quality, the multi-

functionality of land and the future productive capacity of land are often not taken into account in the 

market price of land and commodities, since it is not usually considered important for the current or 

intended short-term use of land
18

.   

In addition, most economic actors concerned do not value long-term benefits such as those available 

from protection of land’s long-term functionality in the same way that society as a whole would, in 

particular in the context of changing climate; in part because while individuals face the incremental 

impacts of changes in land functionality, society as a whole faces the cumulative impacts, which 

(because land is a finite resource) may trigger much more significant risks.  

It is therefore important to ensure that land managers, and those making decisions affecting land, face 

signals which reflect the full range of societal interests.  

The complexity of property rights for different uses of a particular area of land (that may be separately 

owned by different parties, e.g. the state, private owners, tenants, holders of common rights, 

collectively by communities, etc.) may also hamper the efficient exploitation of its full potential for 

multi-functionality
19

. This may, in turn, hamper the coordination of efforts between different 

stakeholders and policy sectors aimed at overcoming the market failures described above (see 

Section 2.3.1). For example, in some Member States, split responsibilities for land use between 

owners and tenants can make it difficult to secure uptake of multi-annual agri-environment 

agreements. 

2.1.2. Influence of current policy instruments at the EU or national 

levels 

Perhaps largely because of the complexity and multi-sectorial nature of the influences driving 

unsustainable land use, there are very few examples at national level of development of economic 

instruments, either to tackle land take or address soil degradation. Similarly, at EU level, there is no 

specific policy instrument that specifically triggers internalisation of external costs of land use. The 

implementation of the polluter pays principle is foreseen in e.g. the Environmental Liability Directive 

(ELD)
20

, the Industrial Emissions Directive (IED)
21

 or the Water Framework Directive (WFD), but in 

practice its application is patchy, and land use impacts are not addressed coherently. In any case, 
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each of these instruments is capable of addressing only part of the challenge. Addressing the 

cumulative impact of diffuse pollution, and the cumulative impact of individual production and 

consumption decisions, is more difficult.  

In the EU and Member States, significant experience has been gained in the use of incentives for 

sustainable land use, particularly under the Common Agricultural Policy (CAP), an issue considered in 

more detail in Section 2.2.2 below. These can take the form of cross-compliance and (since 2014) 

greening mechanisms associated with direct payments to farmers, or of co-financed agri-environment 

schemes. However, while agri-environment payments are able to reflect the income foregone by 

farmers in relation to other forms of agricultural use of the land, the level of economic incentive they 

provide is often deemed too low to compensate e.g. for the additional costs for brownfield recycling 

compared to urbanisation in “greenfield” sites. Incentives for sustainable land use may also be weaker 

when the market is volatile and businesses are focused on maximising short-term outputs. Lessons 

learned from the latest Rural Development Policy programme period (2007-2013) show that available 

options for investing in land and soil protection are not necessarily used by Member States or land 

managers, as for example in the case of support to specific forestry activities. The inadequate 

selection by programming authorities of options for funding land protection, the administrative burden 

associated with applications and possible competition with funding for agricultural measures could be 

amongst the reasons explaining the low uptake of the available funds, but these options would require 

further investigation. 

Grants, urban development funds and revolving loan funds have proved successful in supporting 

brownfield redevelopment across EU Member States (with varying levels of progress). In particular, 

the European Regional Development Fund (ERDF) appears to be one of the most successful 

mechanisms used to support brownfield redevelopment at the EU level to date (EUR 21.1bn for the 

funding period 2007-2013, dedicated to the rehabilitation of urban brownfields sites, regeneration of 

run-down districts, clean urban transport and urban housing projects).
22

  

With regard to the embedded direct or indirect land-related impacts of products and services, they are 

partly addressed by the progressive development of EU criteria for the sustainable production of good 

and services. EU initiatives in this area draw inspiration from the work conducted at the international 

level, e.g. the Forest Stewardship Council (FSC) voluntary certification
23

 and the Programme for the 

Endorsement of Forestry Certification (PEFC)
24

 in the field of forestry, Global Bioenergy Partnership 

(GBEP)
25

 in the field of bioenergy, or the Roundtable on Sustainable Biomaterials (RSB)
26

 in the field 

of biomaterials. The detailed guidelines for the Product Environmental Footprint
27

 currently include a 

criteria related to soil organic matter depletion and direct land use change – as an indicator of impacts 

on climate. Likewise, emblematic categories of products covered by the EU Ecolabel or the Green 

Public Procurement policy, such as wooden furniture, include key criteria related e.g. to sustainable 

sourcing. Substantial work is in progress in the EU with regards to the harmonisation of criteria for the 

definition of green products and methodologies for the calculation of the environmental footprint of 

products. These initiatives, however, remain mostly focused on wood products and bioenergy, while 

many other types of products (e.g. food and feed products) have strong land-related impacts. 

Latest methodological developments may offer new opportunities to better reflect the range of societal 

interests of a more sustainable land use in instruments related to the EU Single Market for Green 
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Products initiative
28

 or in greenhouse gas (GHG) emissions accounting and reporting. A legislative 

proposal currently under co-decision process
29

 requires the EU to develop a methodology to take into 

account indirect land use change (ILUC) in life cycle GHG calculations by June 30, 2016. However, 

similar land use footprint issues arise across a wide range of consumption markets, particularly food, 

which are not adequately addressed. 

2.1.3. Need to act at EU level 

An improved understanding of internal market issues associated with land use sustainability 

While land use is considered by the Treaties as having limited relevance to the internal market, in 

practice Member State decisions and policies can have an impact on land use beyond their borders, 

both in negative and positive terms. For example, policies to reduce the environmental impacts of 

consumption –such as energy efficiency programmes, or policies on food waste or on the 

environmental impacts of dietary choices– have a largely positive impact which is not confined to the 

Member State promoting those policies, but to the EU economy as a whole, and beyond. It may 

therefore be less attractive to Member States to introduce such policies – particularly if there is strong 

opposition among some social groups – unless they are confident that other economies will do so in 

parallel. Regulatory measures to encourage improved land management which have the short-term 

impact of increasing net costs on farmers and other land managers have a negative impact on their 

competitiveness within the single market; recent experience in Member State decision-making on 

implementation of the Common Agricultural Policy suggests that this is an inhibiting factor for policies 

which aim at long-term sustainability (for example, transfers of funding from direct payments to rural 

development programmes). 

Similarly, some policies at Member State level may, as a side effect, have significant impacts across 

the internal market. The Commission’s recent communication on the Energy Union
30

 points to a wide 

range of shared interests in the development of new energy sources, and to the implications for land 

use (for example, the land take impacts of interconnections; the land take implied by policies for the 

encouragement of biofuels and other biomass; etc.). As discussed later in this document, there is a 

need to improve shared understanding of these impacts (see Section 2.4), and to trigger policy 

discussion on potential solutions. In the meantime, where EU strategies are developed in these areas 

of policy, it will be important for land use implications to be fully considered (see Section 2.3.2). 

The EU single market triggers the need to ensure a level-playing field for farmers and foresters in their 

response to policies aimed at encouraging efforts to maintain and enhance the capacity and multi-

functionality of land. Appropriate signals at the EU level that encourage sustainable land use can 

provide Member States, land owners and producers with the flexibility to prioritise suitable actions to 

increase land efficiency. 

Integration of land use sustainability considerations in the EU coordination of economic 

policies 

The relevance of macro-economic drivers of land use changes and the impact that land degradation 

and inefficient land use can have on key macro-economic variables is a strong argument for the EU to 

include land use considerations in the coordination of economic policies taking place in Member 

States through the European Semester process. An action at the EU level would be all the more 

relevant as some issues covered by the EU in the European Semester process (e.g. including energy 
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efficiency and renewable energy) have impacts on land use sustainability that go beyond the borders 

of individual Member States. Credible medium-term planning, based on a sustainable vision for land 

use in the long term, could help to improve market confidence in long-term EU ambitions (for example, 

climate and energy), and help to create the confidence necessary for investment, with positive short-

term impacts on jobs and growth, alongside long-term impacts on sustainability. 

The EU as a global actor 

The Commission’s political priorities emphasise the importance of the EU as a global actor. The 

growth in world population, the rising consumption of meat and dairy products in the emerging 

economies, and the increased use of biomass for energy and other industrial purposes, will all lead to 

increased global land use and potential degradation. The EU is an active party to the United Nations 

Convention to Combat Desertification (UNCCD), is contributing to the Economics of Land Degradation 

initiative, has been supporting the concept of land degradation neutrality both in the run-up to Rio+20 

and in preparation of SDGs, and will follow closely the land degradation assessment under the 

Intergovernmental Platform on Biodiversity and Ecosystem Services (IPBES) to be launched soon.  

There is a need to highlight at the EU level the growing importance and political support for addressing 

land and soil degradation at the global level, particularly in the context of the implementation of the 

Sustainable Development Goals (SDGs) (expected to be adopted at a UN Summit in September 

2015). The 2014 proposal of the General Assembly’s Open Working Group on SDGs
31

 suggests a 

commitment to halt and reverse land degradation, and to “strive to achieve a land-degradation-neutral 

world”. This has implications both for land use in the EU, and for the land-use implications of EU 

consumption and other economic activity in other economies, particularly developing economies.  

In this respect, as a global actor and a single market, the EU has a role to play through its product 

policy. On the international scene, its commercial position may influence, although indirectly, the 

production patterns of goods produced in third countries and consumed within its territory. Within the 

EU, it is a way to engage businesses and consumers’ responsibility across Member States in better 

production and consumption patterns, including more sustainable land use. The approach to integrate 

land sustainability criteria has already shown to be successful when applied to bioenergy and 

biomaterials, and the EU could consider extending these provisions, either in a mandatory or voluntary 

way, to other products categories where relevant.  

Land and the services it provides are not an infinite resource. However, we currently lack the policy 

tools to address the constraints implied by that fact. The EU added value in addressing the challenges 

relates primarily to the wide range of EU policy issues with clear, but often under-appreciated, land 

use sustainability impacts. In addition, however, the EU’s role in fostering improved understanding of 

the need to address land use more effectively is an important contribution to Europe’s long-term 

growth and prosperity. We are already approaching a point where a lack of clarity on land use affects 

investor confidence in the credibility of EU policies and their national implementation, for example, on 

decarbonisation of the energy system. The sooner the EU and its Member States demonstrate its 

grasp of land use sustainability issues, the more they will be able to demonstrate a coherent approach 

to delivery of competing priorities, with a positive impact on short-term business confidence and long-

term jobs and growth. 
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2.1.4. Preliminary suggestions for policy options 

There are a number of broad areas where action at EU level can help to ensure improved integration 

of land use impacts, and their costs and benefits, into decision-making.  

An improved understanding of internal market issues associated with the adoption of policies 

to integrate land use sustainability issues into decision-making, and an improved integration 

of such impacts into the development of EU policy.  

 It will be important to ensure that EU funding mechanisms encourage all Member States to 

integrate land use sustainability considerations in their decision-making. This could include, for 

example, the development of Member State use of Common Agriculture Policy and European 

Structural and Investment Funds programmes, with a view to ensuring the integrated 

treatment of land use issues in National Strategic Reference Frameworks. The aim is to 

encourage the consideration of cumulative pressures on land use and the contribution that 

urban regeneration of brownfield sites on the one hand, and rural development incentives to 

more sustainable land use on the other hand, can make to address those pressures. These 

issues are tackled in more detail in Section 2.2.2; the key point to note in relation to integrating 

land use impacts in decision-making is that it is difficult for individual Member States to do so 

in isolation.  

 EU strategies relating to issues with significant land use implications (for example, energy and 

transport) should ensure that land use implications are fully considered, and the advantage of 

focusing investment on brownfield sites properly emphasised. In addition, they should aim to 

ensure that Member States both address the cross-border land use implications of their 

national policies, and share information on them.  

 Further consideration should be given to the treatment of land use in the European Semester. 

Land as a factor of production, and the broader ecosystem services associated with land use, 

are currently not addressed by the Semester process, or addressed in isolated cases 

(although land availability constraints and the issue of brownfield sites is tackled in Country-

Specific Recommendations for some Member States). Options for including land use 

sustainability issues, with a particular emphasis on managing the potential constraints to 

short-term and long-term growth prospects, as well as the delivery of climate and energy 

targets, should be examined; inclusion of land use implications in the Annual Growth Survey 

could be considered, or, more realistically, in the National Reform Plans. 

Addressing land use and risks of land degradation through the EU’s role as a global player 

 The EU will need to set out how it plans to implement the Sustainable Development Goals, as 

outlined in the Commission’s Communication of June 2014
32

. Implementation should address 

both the issue of land use sustainability within the EU, and the EU’s collective impact on land 

degradation in other economies.  

 In the context of a changing climate, the EU should support actions which address land and 

soil degradation in the external relations family (EEAS, DEVCO, ECHO, etc.), contribute to 

policy development in the framework of international, regional and national strategies and 

action plans (such as those developed under the UNCCD and in the context of FAO's Global 
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Soil Partnership), support global monitoring schemes, evaluations, modelling and 

assessments
33

. 

Addressing the land use impacts of products, and the single market impacts of uncoordinated 

policy mechanisms to address those land use impacts 

With regards to land use, new interesting opportunities lie in informing the criteria development 

process for green products, refining the methodology for calculating the environmental footprint of 

products (following the latest methodological developments on the assessment of global land use 

impacts, which also track indirect land use), and strengthening monitoring capacities. Refined criteria 

related to land degradation could be progressively integrated into the Integrated Product Policy, for 

relevant categories of products. The detailed guidelines for the Product Environmental Footprint could 

ultimately be adapted to include land use impacts. However, this seems unlikely in the short-term, the 

second pilot-testing phase for the generic methodology for specific product categories being already 

well advanced
34

. Another opportunity to further consider land sustainability criteria lies in the 

progressive review of requirements for relevant product categories benefitting from the EU Ecolabel as 

well as those relevant to Green Public Procurement. Lastly, untapped potential might also lie in the 

Ecodesign Directive
35

, a key instrument from the EU Integrated Product Policy aiming to optimise the 

environmental performance of products. At present, the categories of products covered by the 

Directive and the focus on energy efficiency make the link with land use very indirect and difficult to 

establish. A possible broadening of the Directive’s scope, with regard to product categories and land 

use-related impacts, could be considered as part of a future review. 

The Commission could initially use its convening power to encourage the sharing of experience 

among Member States on the development of consumption policies aimed at reducing land use and 

other impacts of products. In the light of issues raised by that sharing of experience, including any 

evidence on constraints associated with competitiveness impacts and the challenge of diffuse 

geographical impacts of the economic benefits of such policies, best practice guidance could be 

developed, and other potential policy options (including EU level regulatory action) considered.  

2.2. Improving the regulatory framework 

There are a number of issues relating to the design, the coherence and the implementation of EU or 

national policies and regulations which either prevent or inadequately promote the achievement of 

sustainable land management.  

2.2.1. Problem description 

On the one hand, a number of EU policies and regulations include objectives and/or legally-binding 

provisions that directly or indirectly contribute to sustainable land use overall. These policies include, 

in particular, the Roadmap to a Resource Efficient Europe, the Thematic Strategy on Soil Protection, 

the EIA and SEA Directives, the nature and biodiversity policies (Biodiversity Strategy, Habitats and 
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Birds Directives, Natura 2000 network, Green infrastructure strategy, Forest Strategy, etc.), the Water 

Framework Directive and daughter directives, the Flood Directive, the ELD and IED. Land-related 

provisions of these policies, however, are in many cases not properly implemented and enforced in 

the Member States, often due to a lack of competences or resources. In addition, the land-related 

provisions are sometimes not specific enough or not binding, and significant flexibility for 

implementation is left to the Member States, which leads to significant variability of results. For these 

reasons, the positive influence that these policies could have on land remains partly untapped. 

On the other hand, a number of other EU policies have a strong influence on land use but their actual 

impact on land as a resource, as observed to date, can be either positive or negative - depending on 

the specific provisions considered, the way they are implemented in practice, the geographical 

context, etc. These policies include, in particular, the CAP, the Cohesion and transport policies, and 

the climate and energy package. The positive influence that these policies could have on sustainability 

of land use is partly untapped, while certain provisions lead to counter effects. 

The specific problem drivers associated with key EU policies are further described in the section 

below. The section focuses on those policies showing the greatest potential for improvement with 

regard to their influence on land, taking into account ongoing and forthcoming policy review processes 

at the EU level. 

2.2.2. Influence of current policy instruments at the EU or national 

levels 

EIA and SEA Directives 

The EIA and SEA Directives
36

, which show potential for identifying and mitigating potential impacts of 

EU policies on land take and land degradation, leave great flexibility to national authorities when 

deciding which projects and programmes should be subject to an environmental assessment. For 

example, for permanent grassland conversion, afforestation and other agricultural developments, the 

need for an EIA is assessed by the competent authority, based on a screening procedure (i.e. this is 

not systematic)
37

. The consequences of inadequate screening and scoping decisions, and of 

inadequate timing of the whole assessment process relatively to the beginning of construction works, 

are that some projects / programmes with significant impacts on the environment escape the 

assessment process, or alternative solutions are not being properly considered, or key environmental 

impacts are neglected. Several guidelines for the implementation of EIA and SEA Directives aiming at 

improving their implementation across Member States have been published. The guidance documents 

on integrating climate change and biodiversity into EIA and SEA, published in 2013, provide 

recommendations that are consistent with a more sustainable use of land as a resource, e.g. 

prioritising high density urban plans and programmes and reusing brownfield land in urban areas
38

; 

however, these are only recommendations, and at this early stage there is little evidence of an 

improvement in practice at Member State level.  

The revised version of the EIA Directive, adopted in 2014, includes more stringent provisions on 

screening and scoping and is more specific about the assessment of impacts on land, soil and 

biodiversity. This is expected to make the assessment of these impacts more systematic and 

complete, so that relevant prevention, mitigation or compensation measures can be proposed. 
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In 2009, as part of the review of the SEA Directive, the Commission stated that the application of the 

SEA in Member States was still in its infancy
39

 and identified several areas for improvement, including: 

possible inclusion of policies which set the framework of plans and programmes within the scope of 

the Directive; capacity building in the Member States; and the development of further guidance, in 

particular on the interpretation of certain key concepts of the Directive (screening criteria, identification 

of alternatives, etc.). In 2016, the application, effectiveness and potential for simplification of the SEA 

will be reviewed, which may lead to a REFIT evaluation.  

Cumulative and indirect damage caused by a series of incremental changes over time are among the 

types of impacts that should be taken into account when conducting EIAs and SEAs. In both 

Directives, however, the related provisions are formulated as recommendations rather than legally-

binding requirements
40

 and experience shows that they have limited impact in practice.  

Also, despite the benefits of a EU-coordinated approach for implementing policies, the review of their 

potential environmental impacts via EIA and SEA may be limited in the Member States when main 

features of the EU network have been set at the EU level (e.g. TEN-E, TEN-T)
41

. This also applies, 

consequently, to the proposals for alternative and more sustainable options, creating possible 

mismatches between planning at the EU level and suitability at local level. 

EU nature and biodiversity policies 

The on-going Biodiversity mid-term review and the Nature article 17 report will provide a picture of 

progress to the 2020 biodiversity targets. This will inter alia allow establishing where biodiversity and 

ecosystem services continue to be lost and where restoration in so far as feasible is actually occurring. 

It will also provide a picture of the success on integrating biodiversity, ecosystems and ecosystem 

services protection aspects in key EU policies, hence contributing to the assessment of land 

degradation and optimisation of land use to be performed.  

The potential for securing private sector contributions to the delivery of these eco-system services 

appears to be unexploited and there is a lack of binding targets (both within policies and funding 

instruments). There is therefore a large scope for improvement in the co-ordination of water, 

biodiversity, agriculture, forestry or climate policies for the implementation of sustainable land 

management measures providing multiple benefits
42

. 

The REFIT of the Nature legislation will check whether the current legal setting is fit for ensuring the 

protection of species and habitats of common interest and provides the right framework for allowing a 

multifunctional use of the Natura 2000 sites compatible with the conservation objectives. 

EU freshwater policy 

Because soil degradation has been identified in many river basins as a pressure on the water bodies 

and as an obstacle to achieve good water quality, the Water Framework Directive
43

, its daughter 
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Directives on quality standards for groundwater and for surface waters (such as the Nitrates 

Directive
44

) and its sister Directive on flood management
45

 include provisions aiming to mitigate soil 

erosion, limit contamination by pesticides or overload by nutrients, protect natural buffering areas, 

promote carbon sequestration and accurately balance soil fertilisation. 

The implementation of the Water Framework and Floods Directives requires a high level of spatial 

coordination at river basin level, as it obliges stakeholders to consider land uses that are compatible 

with achieving a good quality and availability of freshwater and proper flood risk management. In 

practice, water management authorities typically work at river basin and catchment scales, while land 

use planners typically work at the scale of administrative areas such as municipalities. As a result, 

their planning units often do not match up, creating barriers in terms of integration between water 

management and land management
46

. The IA of the Blueprint (2012) states that ‘there is a risk that 

the WFD goals will not be achieved because of a lack of integration and coherence with other policy 

areas, including agriculture, cohesion, industry and land use planning’ and that ‘further support is 

needed for integration of land use measures’.  

While the series of CIS guidance documents includes one document related to land use issues (CIS 

guidance no 12: The role of wetlands in the Water Framework Directive), the EU published in 2014 a 

policy document on Natural Water Retention Measures and launched a pilot project on NWRM
47

. The 

policy document on NWRM aims to facilitate an integrated approach between water management and 

other issues, including land management; in particular, it provides recommendations to water 

managers and decision-makers on how to give more attention to land use planning in water 

management. 

Overall, an improved implementation and enforcement of freshwater policies, following the action 

areas identified in the Blueprint, are expected to deliver benefits in terms of more sustainable land use 

management.  

Common Agricultural Policy (CAP) 

Agricultural policies, and in particular the CAP, which aims at supporting farmers’ agricultural activities 

and ensuring food security at the EU level, were for many years a driver of intensification and 

abandonment of European farmland
48

. In particular, by coupling payments to agricultural production 

until 2003, the CAP primarily favoured intensive farming systems, with scale enlargement of farms, 

likely to have led to soil degradation, before introducing progressively more greening measures 

through the successive CAP reforms. Furthermore, in a context of globalisation, decreasing 

profitability of farming led to abandonment of farmlands, with intensification elsewhere and increased 

reliance on imports
48

. The progressive greening of the CAP, which has positive effects in terms of land 

and soil degradation in the EU, may also affect arable land demand in other countries, because of 

measures related to extensification and to the protection of grasslands which may constrain 

productivity per hectare. It is not clear yet how this could be compensated by closing yield gaps 

through more sustainable practices, such as precision application of fertilisers, which would both 

improve sustainability of land use and contribute to reducing imports and associated land use 

changes. 
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The CAP, through cross compliance, greening and the EAFRD rural development policy, has 

elements which contribute to the implementation of sustainable land planning and management 

decisions at farm level, although consistency of land use impacts between the CAP pillars at local or 

regional level is not ensured (e.g. flexibility allowed for spending from national rural development 

programs, and the wide range of approaches to the importance of agri-environment payments): 

 Cross-compliance (with Statutory Management Requirements (SMR) and good agricultural 

and environmental conditions (GAEC)) contributed to establishing a common reference level 

for sustainable soil management across the EU. However, cross-compliance provides 

minimum soil protection conditions and, by its nature, cannot address all soil degradation 

processes
49

.  

 Agri-Environmental Measures (AEM) are an important instrument for assisting farmers’ 

transition to higher levels of soil quality. EU expenditure on agri-environment measures 

amounted to nearly 20 billion EUR in the period 2007-13 or 22% of the total expenditure for 

rural development. The implementation of AEM heavily depends both on the perception of the 

efforts required and on the individual environmental stewardship of farmers. This may vary 

significantly across Member States and regions. The actual effectiveness is difficult to 

measure.  

The revised CAP from 2014 gives Member States the opportunity to use the new ”greening payment” 

part of direct payments to farmers in ways that could improve soil protection, but early evidence of 

implementation proposals suggest that few are using this opportunity to the full. Under EAFRD rural 

development policy Member States can, if they wish, choose to pursue ‘preventing soil erosion and 

improving soil management’ as one of their priorities for the 2014 RDPSs. If they do choose to use 

RDP funds in this way they have a wide choice of measures which could be used to improve 

protection of agricultural and forest soils, including measures for agri-environment-climate, organic 

farming, afforestation, agro-forestry, environmental investments and forest conservation. A target on 

avoidance of monoculture is also set
50

. The further promotion of organic agriculture may encourage 

measures that increase soil organic matter and the planned expiration of milk quotas may have 

impacts on grasslands and the intensity of their use in the EU. Rural development programmes may 

further contribute to reduce land and soil degradation, e.g., through supporting extensive agriculture in 

peri-urban areas of high ecological value and discouraging abandonment by allocating incentives to 

less favoured areas.  

The importance of the national, regional and local level is expected to rise over time, with the 

increasing role of Member States in shaping their CAP spending; and market forces are expected to 

play a stronger role in the context of the CAP reforms for the 2014-2020 cycle, as a result of the 

removal of quota systems for dairy and sugar. However, competing strategies may appear, which may 

prove to be either beneficial or detrimental for land-related services depending on the specific assets 

of a site. For instance, the CAP greening measures and Member States’ rural development 

programmes support a transition towards organic agriculture, in order to mitigate the impact of food 

production systems on the environment. In Member States with larger, more commercial farm 

structures, where yields are often maximised, these policy measures could reduce crop productivity 

per hectare, at least in the short-term, because of associated changes in land management (e.g. 

intensive vs. extensive practices). This in turn risks land use pressures resulting from demand for 

agricultural products being imposed on other agricultural economies with further risks of unsustainable 

land use changes, such as deforestation.  This impact may be partly offset in Member States and 
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regions with less intensive farm structures, by the benefits of policies aimed at improving the 

competitiveness and sustainability of farm businesses, particularly small farms.  

Forest policy  

With regards to the multifunctional role of forests, in line with the EU Forest Strategy
51

, the Forest 

Action Plan 2007-2011
52

 had the objective to support and enhance it together with sustainable forest 

management. It has been instrumental in maintaining the social and cultural aspects of forests on the 

forestry agenda, thus emphasising this important dimension alongside economic and environmental 

issues. The ex-post assessment of the EU Forestry Action Plan 2007-2011
53

 shows, however, that the 

Action Plan could have been more effective in promoting integrated approaches, e.g., addressing 

possible synergies like biodiversity targets and payments for ecosystem services / non-wood goods 

and services together, or possible trade-offs, e.g., between wood use for energy generation and 

nature conservation. The weak policy framework for more sustainable forests and their scattered 

management at the owners’ scale impedes coordination of efforts and the implementation of a 

consistent strategy. The new EU Forest Strategy adopted in 2014 aims at achieving 'Sustainable 

Forest Management' in all EU forests by 2020 - which means keeping EU forests productive and vital, 

but also maintaining their biodiversity and other ecological, economic and social functions.  

Further, a number of policies and instruments are developed to respond to growing concerns about 

forest degradation and loss: the EU Timber Regulation
54

 prohibits the placing on the EU market of 

illegally harvested timber or timber products, based on numerous voluntary forest certifications aimed 

at promoting sustainable forestry internationally. The Forest Stewardship Council (FSC) voluntary 

certification and the Programme for the Endorsement of Forestry Certification (PEFC) are the two 

major worldwide sustainable forestry certification programmes. 

EU climate and energy policy 

The 2020 Climate and Energy Package is a set of binding legislation which aims to ensure the 

European Union meets its ambitious climate and energy targets for 2020 (including a 20% reduction in 

EU GHG emissions from 1990 levels; raising the share of EU energy produced from renewable 

resources to at least 20%; a 20% improvement in the EU's energy efficiency).  

This package comprises four pieces of complementary legislation:  

 Emission Trading Directive, and the reform of the EU Emissions Trading System (EU ETS); 

 Effort Sharing Decision, and the national targets for non-EU ETS emissions; 

 legal framework for the environmentally safe use of carbon capture and storage technologies; 

and, 

 Renewable Energy Directive and the National renewable energy targets.  

A new EU 2030 policy framework for climate and energy was proposed by the European Commission 

in January 2014. Amongst those changes, the framework includes a 40% reduction in EU GHG 

emissions by 2030; a minimum of 27% concerning the share of renewable energy; and, reforming the 

current EU ETS. 
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The agriculture and forestry sectors have gained increasing importance as sources of renewable 

energy and key actors of climate change mitigation.  

Although they play a fundamental role in the transition towards a more competitive, secure and 

sustainable energy system, bioenergy policies are also recognised to drive land use change worldwide 

by stimulating the demand for biomass. They influence which type of energy crops are grown, how 

much land is devoted to them, as well as cultivation and harvest practices. In the EU, the Renewable 

Energy Directive (RED) and the Fuel Quality Directive have already been amended several times in 

order to consider and mitigate these indirect effects. Further key amendments for the RED have been 

proposed, such as a 6% cap for biofuels produced from food crops (starch-rich crops, sugar and oil 

crops) and other energy crops grown on land to reach the renewable sub-target for transport
55

. The 

Commission also indicated that food-based biofuels should not receive public support after 2020
56

. 

However, as projections indicate that the EU will need considerable amounts of biofuels towards 2050 

and that biofuels are expected to create significant amounts of jobs, another amendment proposes to 

increase incentives to develop second-generation biofuels, which place a reduced demand on land 

which could be used for food production Besides requirements directly influencing biomass demand, 

the inclusion of sustainability criteria for the production of biofuels contributes to ensuring the 

sustainable use of land. The proposal for a revised RED also requires a review of policy and scientific 

evidence for indirect land use change from 2017. In a recent communication
57

, the European 

Commission highlighted the need to substantially revise the RED for the period after 2020 in order to 

reach the new 2030 targets. It also called for integrating the sustainable use of land and the 

sustainable management of forests in line with the EU's forest strategy and addressing indirect land 

use effects as with biofuels. If the EC’s 2012 proposal
58

 to limit global land conversion for biofuel 

production would actually allow taking a first step towards better recognition of the impacts of biofuels, 

reporting alone may not be sufficient for fuel producers and Member States to concretely consider 

ILUC impacts. 

Climate-related pieces of legislation also increasingly acknowledge the dual role of land use, land use 

change and forestry (LULUCF) as emitters and sinks of GHG emissions. However, only non-CO2 

emissions from agriculture are currently treated in the Effort Sharing Decision, while CO2 emissions 

and removals related to land-use and forestry are excluded from the EU's domestic reduction target 

(but are accounted for under international commitments)
59

. This segregation may prevent the cost-

effective contribution of the LULUCF sector to the mitigation efforts. 

These on-going policy developments in the area of the bio-economy and the climate/energy package 

will have strong land use implications but there is not enough perspective yet on the latest relevant 

provisions to be able to assess their effectiveness on sustainable land management. 
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EU cohesion and transport policies  

EU policies supporting the development of infrastructure, such as the Cohesion and transport policies, 

may currently have both positive and negative impacts on land, depending greatly on the national, 

regional and local contexts. Some investments such as those for road transport for instance present 

direct socio-economic benefits but may also aggravate urban sprawl and land take trends where land 

planning processes are not structured and rigorous enough to prevent these indirect effect. A recent 

EEA study analysed case studies in Andalusia, Spain and Poland, a summary of which is given in Box 

141
. 

Box 1: The impact of Cohesion Policy on land as a resource – Conclusions from case studies in 
Andalusia, Spain and Poland. 

The analysis showed that Cohesion Policy spending on roads has fuelled urban sprawl and land 

take. In both cases, the impacts of Cohesion Policy are closely influenced by the context at 

national, regional and local levels. In Andalusia, for example, the growth model in recent decades 

has been closely linked to sprawl and large-scale infrastructure development, abandoning the 

region’s traditional model of compact Mediterranean cities. In this context, Cohesion Policy 

spending has helped to fuel this new sprawl. In Poland, factors influencing sprawl include the low 

value-added in agriculture, which makes land conversion more attractive. 

Both case studies highlight national and regional documents that call for a reduction in land take 

and promote more compact development. Despite the coherence between their objectives and 

the EU land objectives, it appears that in both case studies there is a disconnect between the 

objectives and local actions: many local governments in both Andalusia and Poland see 

sprawling development as a goal to be pursued for revenue and other purposes. 

Source: Milieu Ltd (2015)
41  

Conversely, EU programming requirements and coordinated approaches at the EU level (e.g. TEN-

T
60

) have fostered strategic planning, and some EU funding in public transport and brownfield 

redevelopment have reduced negative impacts on land.  

Because of the level of associated funding, both cohesion and transport policies could play an 

important role towards a more sustainable management of land, supporting growth and jobs in the EU, 

provided funded projects support EU land objectives.  

The design of the T-TEN legislation for 2014-2020 makes it already partly aligned with EU land 

objectives as it calls for avoiding land fragmentation and soil sealing. According to the above-

mentioned study, TEN-T spending to reduce bottlenecks may reduce some pressures on land; overall, 

however, no specific mechanisms have been identified at EU level to reduce potential negative 

impacts on land from TEN-T spending. 

Also, the importance of EIA and SEA was reaffirmed in the recent T-TEN guidelines in the transport 

sector, where it is said that “Member States and other project promoters should carry out 

environmental assessments of plans and projects […] in order to avoid or, where avoidance is not 

possible, to mitigate or compensate for negative impacts on the environment, such as landscape 

fragmentation, soil sealing and air and water pollution as well as noise, and to protect biodiversity 

effectively”
60

. 
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2.2.3. Need to act at EU level 

Land management, and land use planning systems, are generally considered to be issues where the 

principle of subsidiarity requires limited intervention at European level, and receive special attention as 

such in the Treaty
61

. In some cases, European legislation has direct implications for land 

management, but generally only because it would be impossible to achieve its broader objectives 

without doing so – examples include legislation on Environmental Impact Assessment and on 

Strategic Impact Assessment. However, the land use challenge for policymakers concerns as much 

the policies which have implications for land use, but where those implications are often not addressed 

explicitly, as it does for the areas where policy explicitly addresses land use. 

For all the EU policy instruments which – to some extent – contribute to sustainable land use (EIA, 

SEA, WDF, FD, nature legislation, etc.), the EU needs to act to ensure their effective implementation. 

Further Commission action to ensure proper implementation of these policy instruments should lead to 

better management of land as a resource. For these policy instruments, a need for concrete EU 

guidance on land use implications for both Member States and land managers has been identified. It 

is becoming increasingly difficult for Member States to manage land use issues in isolation from 

broader European policy decisions (for example, energy, and agriculture), and in isolation from 

decisions taken in other Member States. There is therefore a need to address areas where EU level 

activity can help to enable and promote effective land use policy in Member States individually, and 

across the EU collectively; and it should focus on those areas where EU interventions can add value, 

and are necessary to address some of the challenges identified. 

In addition to addressing implementation failures, the positive influence of these EU policy instruments 

on sustainable land management could be greatly enhanced, e.g. by improving their design, 

integrating specific land-related provisions or developing guidance documents. Acting at EU level 

would be more efficient than separate and uncoordinated actions at Member States level: because 

there is already a process in place for enforcing the provisions of these EU instruments, administrative 

costs would be limited. 

There is significant EU added-value in better integrating land-related issues in Cohesion and transport 

policy. Cohesion Policy covers a broad range of funding areas, while the EU transport policy provides 

an overall framework for transport in Europe - including the TEN-T network - as well as key funding for 

this network. Cohesion Policy has served to introduce systematic, multi-year programming in many 

Member States (including through ex ante conditionality rules) and to mainstream ex ante (and ex 

post) assessments into regional development policies
41

. Consequently, Cohesion policy could be key 

mechanism to disseminate and implement EU objectives related to land, while EU transport policy 

could play an important role in supporting the uptake of EU objectives related to land. 

EU action to better integrate land-related issues in the climate and energy policy is also necessary and 

provides added value. As the energy sector is progressively decarbonised, it will become increasingly 

important (i) to be able to demonstrate that the land use implications of energy infrastructure are being 

managed in line with long-term sustainability principles and (ii) to demonstrate that the land use 

sectors (which are expected, because of the additional challenges they face in developing mitigation 

policies, to represent a steadily growing share of the EU’s reduced overall emissions) are playing a full 

part in cost-efficient mitigation, thereby ensuring that economic pressures are not unfairly loaded onto 

other sectors.  The climate adaptation policy issues relevant to land use are less cross-border in their 

implications, but could usefully be included to provide a full picture. The TEN-E Programme provides 

cross-border connections, and thus is relevant for addressing EU land objectives. Moreover, EU 

initiatives could identify synergies among infrastructure plans, such as those for TEN-T, potentially 
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reducing impacts such as land take and land fragmentation. In addition, EU policy has been a key 

driver for the cultivation of energy crops across Europe; consequently, EU action is necessary to 

address potential land impacts (as well as others, notably those for GHG emissions). 

2.2.4. Preliminary suggestions for policy options 

Against that background, notwithstanding parallel initiatives in the area of Nature and Biodiversity
62

, 

several broad options for action at EU level could be envisaged, as outlined below. 

Exploring the potential of the SEA Directive to promote land use efficiency and halt land 

degradation  

In addition to pursuing efforts towards a better implementation and enforcement of the SEA Directive, 

the planned review could consider whether the Directive could be improved so that impacts of plans 

and programmes on land use efficiency and land degradation would be given more attention and 

would be more thoroughly assessed.  

This could be done, for example: 

 By referring more explicitly to impacts on land as a resource, with similar amendments to 

those made as part of the 2014 revision of the EIA Directive
63

; 

 By integrating a legally-binding requirement to assess the impacts of the plan/programme in 

terms of land take, land efficiency and land degradation and to compare these impacts with 

those of the alternative plans/programmes, taking into account not only direct but also indirect 

and cumulative impacts (these are not thoroughly assessed at present, as the related 

provisions of the SEA Directive are not legally-binding).  

Such amendments could be investigated as part of the planned REFIT in 2016. This option complies 

with the subsidiarity and proportionality criteria since it aims to improve the effectiveness of an existing 

EU Directive. Moreover, it would improve its consistency with another piece of EU legislation (the EIA 

Directive). Because this option concerns the optimisation of an EU instrument, the EU seems better 

placed than the Member States to act. Strengthening some of the provisions of the Directive may lead 

to less margin for interpretation left to the Member States; however it would also ensure a more 

consistent application of the concerned provisions across the Member States, with a lower risk of 

market distortions. 

Developing concrete guidelines and tools to be inserted in future reviews of EU policies having 

a strong bearing on land use, building on improved data and knowledge 

The EU policies concerned would include, in particular, the CAP, the Cohesion Policy, the WFD and 

FD, the Energy and Climate Policy and the Transport Policy. 

This option could consist in elaborating guidance and designing specific questions to be included in 

the ex-post evaluation exercises and possibly included in the terms of reference of future evaluation 

exercises. The objective would be to ensure that potential impacts in terms of land efficiency and land 

degradation are well understood by evaluators and are systematically covered by future evaluation 

exercises, in a consistent manner across the different policies. This should provide a good evidence 

basis in order to identify relevant areas for improvement in the different policy sectors. It must be 

accompanied with a good knowledge base, through adequate monitoring and reporting on land use 

changes and land use impacts at the EU level (see Section 2.4). Some methodological elements for 

such future evaluations have been proposed in a recent study for the EEA
41

.  
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This option aims to improve the quality of the EU policy evaluation process, hence it is not expected to 

generate concerns in terms of subsidiarity or proportionality. 

Further promoting the mitigation potential of the LULUCF sector in climate policies through the 

2030 GHG reduction targets 

Further promoting the mitigation potential of the LULUCF sector is an opportunity to promote a more 

sustainable and efficient use of land and to remind the international community of the need to take up 

this challenge in the context of the COP21. At the EU level, as highlighted in COM(2014) 15 final, a 

concrete step would consist in including GHG emissions and removals from agriculture, land use, 

land-use change and forestry in the GHG reduction target for 2030.  

Three main options were identified in the 2014 communication as possible: 

 Option 1 (“Status Quo”): Maintain non-CO2 agriculture sector emissions in a potential future 

Effort Sharing Decision;  

 Option 2 (“Effort Sharing”): Include the LULUCF sector into a potential future Effort Sharing 

Decision;  

 Option 3 (“Land Sector Pillar”): Merge the LULUCF sector and agriculture non- CO2 sector 

emissions into a new and independent pillar of the EU’s climate policy. 

These options required further investigation as part of the design of the 2030 Climate and Energy 

package, in order to maximise the mitigation potential while avoiding burden-shifting from a sector 

(e.g. fuel production) to another (e.g. agriculture), with impacts on agricultural production. The 

European Council conclusions in October 2014 endorsed the objective of including the LULUCF 

sector into a potential future Effort Sharing Decision. 

The current development, harmonisation and implementation of EU-wide rules on GHG accounting in 

the sectors of forestry and agriculture (see Section 2.4) will provide in the short-term the adequate 

environment for the concrete implementation of such policy option. 

2.3. Implementing targets for sustainable land management 

The sustainable and efficient use of land requires the acknowledgment, prioritisation and coordination 

of land use functions, within and between geographical areas. This can be achieved through the 

development of a clear land strategy, the definition of land use objectives at various levels of policy 

intervention, and the implementation of adequate governance.  

2.3.1. Problem description 

Approaches to land planning and management tend to remain sectoral and, often, short-term and/or 

individual interests guide decisions with impacts in the long term. This adds up to a lack of spatial 

coordination and subsidiarity challenges at the EU and national levels. 

One of the reasons is the insufficient knowledge and technical capacity for land managers and policy-

makers to consider multiple synergies and trade-offs between the socio-economic and environmental 

functions of land and take informed decisions for a more sustainable and integrated use of land. It is 

difficult to manage necessary trade-offs in the use of land in an optimal way when there is a lack of 

clear and consistent indicators and objectives for efficient land use at the relevant level(s) of 

intervention, and associated indicators to monitor impacts. There is often a lack of integration of all 

relevant land use functions in EU land-related policies, which are mainly driven by specific objectives 

in areas such as renewable energy, biomass production, urban and infrastructure development or the 

protection of nature and ecosystems.  

Land planning and management decisions can also suffer from a lack of co-ordination between 

different levels of governance (EU, national, regional, local), resulting in decisions made on different 

basis, and displacement of environmental issues. Scattered and heterogeneous responsibilities - 
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across geographical areas and intervention levels - make it difficult to deploy coherent and integrated 

land strategies that could ensure long-term resource efficiency. 

In a context of limited land resources and conflicting uses, a more sustainable land management may 

require a systemic and transversal approach, crossing not only land functions and sectors but also 

administrative borders.   

2.3.2. Influence of current policy instruments at the EU or national 

level 

As discussed in Section 2.2.2, several EU policies indirectly promote the sustainable use of land, as a 

co-benefit for other policy goals, such as the CAP, the Cohesion Policy, the Water Framework 

Directive or the Habitat and Birds Directives. Through their specific objectives and targets, some of 

these policies contribute to enhancing several land use functions and thereby promote to a certain 

extent the concept of multi-functionality. For instance, the Biodiversity Strategy, which especially aims 

to protect regulation functions and biotic resources, also influences to some extent the provision of 

land-based products as well as leisure and recreation. Likewise, the Forestry Strategy and the CAP - 

which primarily focus on the supply of land-based products - acknowledge the multi-functionality of 

rural territories by promoting leisure and recreation and include provisions for the protection of natural 

ecosystems (see Section 2.2.2). Many EU policies, however, only focus on individual land use 

functions, with the risk of generating unintended trade-offs and externalities (e.g. Climate policies, 

Renewable Energy Directive, Roadmap for Low Carbon Europe 2050, Cohesion Policy) and missing 

opportunities for synergies (e.g. importance of the LULUCF sector recognised only recently in climate 

mitigation strategies). This is true for sectoral policies but also for more transversal policies such as 

Climate and Cohesion policies. Because different types of landscapes (e.g. urban areas, peri-urban 

areas, large-scale agricultural areas, forest/nature landscapes, mosaic landscapes) naturally provide 

their specific balance of land use functions, multi-functionality is likely to take different forms 

depending on territories. However, a better balance between land use functions could be reached 

through better coordination of policy objectives. 

Today, there is no framework addressing in a systemic manner the balance between land use 

functions in a specific territory, or the indirect land use impacts of policies and practices. 

Land planning networking initiatives exist in the EU, and more generally in Europe. For instance, the 

European Landscape Convention
64

 promotes the protection, management and planning of European 

landscapes and organises European co-operation on landscape issues. The European Spatial 

Planning Observation Network (ESPON) promotes the co-operation and complementarity between the 

Member States, the Commission and the research institutes attached to the administrations 

responsible for spatial development. There is a strong potential for integrating concretely these 

initiatives in land planning and management processes. In the field of transport for instance, the TEN-

T network shows how a coordinated approach at the EU level can prevent additional land take and 

reduce traffic, by promoting consistent multimodal integration throughout the EU rather than an 

uncoordinated priority projects approach
41

. 

Across Member States, the most common approach to land management is to develop spatial 

planning regulations, which authorise or restrict certain developments within a territory
65

. There is 

increasing experience
 
of spatial and land use planning at national or regional levels integrating the 

different land use functions and fostering inter-sectoral co-ordination. This is also reflected in the 
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recent review of policies and instruments implemented at national, regional and/or local scale to 

improve the use of land, in the context of the work on land indicators and targets
50

. However, most 

instruments remain insufficient to substantially curb unsustainable trends. Despite the increasing 

awareness of the benefits of multi-functionality, the different land planning instruments derived from 

the implementation of EU policies are still difficult to articulate in practice, at national, regional and/or 

local level, which increases the administrative burden and risks of setting antagonists objectives (e.g. 

articulation of River Basin Management Plans, Flood Risk Management Plans, Rural Development 

Plans, strategic planning documents for urban planning). Efforts to ensure coherence in the 

implementation of the different policy objectives and to better integrate planning processes are 

observed in some Member States, but they remain isolated (e.g. implementation of Coherent 

Territorial Planning Schemes in France (SCOT)
66

, the Scottish Land Strategy
67

, or the integration of 

Flood Risk Management Plan and River Basin Management Plan in Flanders). Another lever for the 

integration of environmental and socio-economic policy objectives relates to land governance and 

stewardship with the development of public-private partnerships and the creation of specific 

development agencies to raise awareness of land take issues and/or to acquire land in order to 

preserve its functions. In this respect, a recent project
68

 is promoting voluntary agreements between 

land owners/users and land stewardship organisations (also known as land trusts). 

Besides traditional land use planning instruments, Member States have set targets to tackle land-use 

related issues. A recent study reviewed the definition and implementation of these land use targets in 

the Member States
69

. Similarly to planning, some Member States have experienced difficulties in 

implementing and achieving the targets set, in particular in areas with high socio-economic pressure. 

Few countries actually set targets with regard to land recycling and land degradation, because of the 

underlying costs, and when they did so, targets rather remained broad objectives (e.g. in Germany
70

) 

or were abolished on the ground of their impact on land price and lack of flexibility (e.g. in the UK
71

). 

Member States also experienced difficulties in selecting the appropriate indicators and realistic level of 

ambition for target setting, because of insufficient knowledge or methodological difficulties. For 

example, no national targets on land multi-functionality have yet been developed. As for the 

                                                      

 

 
66

 In France, SCOT are non-obligatory territorial planning instruments for a group of towns aiming at ensuring 

the sustainable development of balanced land use types and restricting space consumption. Since the Grenelle 

laws of 2009 and 2010, SCOT should set targets for efficient use of agricultural land, natural land and forests. 

The economic, administrative and technical feasibility of these targets was assessed and progress is regularly 

monitored. These targets are binding, and their level of ambition must be justified in the SCOT based on past 

land take trends and future projections. Following the current territorial reform, it is expected that SCOT would 

be developed at regional level and therefore that land take targets would be defined for each administrative 

region. 

As they are not mandatory but only strongly recommended in areas with key development challenges, such as 

urban and coastal areas, only 20% of the territory has developed and implemented a SCOT so far. The 

administrative complexity caused by the necessity to ensure compliance with multiple sectoral plans also 

impedes their implementation in practice. 
67

 Getting the best from our land - A land use strategy for Scotland: 

www.gov.scot/Resource/Doc/345946/0115155.pdf    
68

 www.landstewardship.eu/  
69 

See http://bookshop.europa.eu/en/study-supporting-potential-land-targets-under-the-2014-land-

communication-pbKH0414979/    
70

 Aim for more inner-city development compared to development on new sites.  
71

 “By 2008, 60% of additional housing should be provided on previously-developed land or by re-using existing 

buildings”. This national level target must be complemented with each region proposing its own level of target, 

based on respective contribution that can be delivered. However, the target has subsequently been removed as 

brownfield redevelopment was deemed not always the most sustainable or appropriate option to deliver housing 

locally. 

http://www.gov.scot/Resource/Doc/345946/0115155.pdf
http://www.landstewardship.eu/
http://bookshop.europa.eu/en/study-supporting-potential-land-targets-under-the-2014-land-communication-pbKH0414979/
http://bookshop.europa.eu/en/study-supporting-potential-land-targets-under-the-2014-land-communication-pbKH0414979/
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development of artificial areas, several countries set indicative targets but most failed at achieving the 

targets set (e.g. in Austria, Germany, Luxembourg). 

Nonetheless, many of these experiences reveal the remarkable benefits of the process of setting 

targets. Regardless of the impact of the targets themselves, they raised awareness, creating space for 

discussion between sectors and levels of intervention, triggered or strengthened the implementation of 

policy instruments, and provided a long-term vision for a land-use strategy. Examples can be found in 

Germany and Luxembourg, where setting indicative targets capping land take at national level 

triggered negotiations with the regional authorities in charge of land use planning, on how to allocate 

efforts to achieve this target collectively. In France, it was also recently decided to request the 

definition of land-take targets within regional planning instruments (SCOT). 

A Land Communication could provide a strategic and conceptual framework for the assessment of 

trade-offs between land uses and the promotion of efficient and sustainable land management. This 

framework could be used when elaborating Strategic Environmental Assessments, River Basin 

Management Plans, Rural Development Plans or ERDF Operational Programmes, where essential 

land use choices are made. 

2.3.3. Need to act at EU level 

There is a need for a vision of where the EU should go in terms of land and soil management by 2020 

and beyond, and how this articulates with other policy objectives and regional priorities. The EU might 

not have the competence to act directly on spatial planning and local land issues, but its policies do 

indirectly influence land use decisions, within the EU and abroad, and may contribute to – or impede – 

the achievement of the EU’s land and resource efficiency objectives.  

The EU therefore has the obligation to ensure that its sectoral policies (such as trade policies, 

agriculture policies, energy policies, cohesion, regional development, transport policies, etc.) address 

the multi-functionality of land coherently. Even where the principle of subsidiarity applies, there is a 

need to ensure and streamline Member States’ action on sustainable land use to guarantee consistent 

and coherent implementation across the EU (of e.g. a framework directive).  

The EU should act to ensure that the risks of trans-boundary consequences of land degradation in one 

Member State or region are identified and appropriately tackled. There is also a need to ensure co-

operation between Member States that share the same flow of land-based ecosystem services. For 

example: land use and land management can trigger floods, water scarcity or pollution downstream of 

trans-boundary river basins; losses of soil organic matter in one Member States can impair the 

achievement of the EU’s climate targets; demand for biomass can induce direct and indirect land use 

change within the EU (e.g. TEN-E cross-borders connections), but also in other world regions leading 

to deforestation; land use changes can affect climate regime in other regions. 

To ensure that the strategic objectives for resource efficiency and sustainable land use are achieved, 

as well as to manage possible rebound effects on land use of the implementation of certain EU 

policies, the EU does need to set clear objectives and principles that can be followed consistently 

across different levels of governance and across sectors. 

The proper and cost-effective implementation of EU policy and funding instruments also implies that 

all Member States and all levels of governance have the institutional and technical capacities to 

achieve the objectives of increasing land use efficiency and halting land degradation, taking into 

account the regional and local specificities as regards land suitability, land use, and socio-economic 

conditions. This implies that the EU has a key role to play in further providing guidance and technical 

support to policy decision-making processes and supporting Member States where awareness is low 

and resources are limited. 
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2.3.4. Preliminary suggestions for policy options 

The EU could play a key role in assisting Member States in concretely implementing a more integrated 

land use planning and management, through providing knowledge, technical guidance and platforms 

for experience sharing. The following policy options build on Member States’ responsibilities for land 

use planning and implementation of EU policies. While respecting the own intervention logics of the 

Member States, these options aim to set ground for a more sustainable and integrated use of land, 

through capitalising - in a more cost-effective way than the combined efforts of 28 Member States - on 

existing experiences of integrated planning, the review of existing indicators and targets, and the 

identification of coordination and streamlining opportunities in the implementation of EU policies. 

Therefore, these options do not raise issues of subsidiarity nor proportionality.  

Exchange best practices and knowledge/tools for integrated planning 

The Commission can play a vital role by keeping on supporting the work of existing platforms for 

discussion at European level. Improving dialogue with and between Member States, as well as 

between different categories of stakeholders (e.g. researchers, policy-makers, land managers), is a 

condition for better coordination between policy objectives.  The production, dissemination and 

promotion of territorial evidence, already ensured by the European Environmental Information and 

Observation Network (Eionet) National Reference Centre for Land Use and Spatial Planning (NRC 

LUSP) and the European Spatial Planning Observation Network (ESPON)
72

, represent key 

opportunities for the Commission to highlight best practices in the EU. In addition, these large 

stakeholders’ networks could be called upon in a new way to test the relevance of pilot measures and 

instruments for a better coordination of policies and cooperation between the different levels of 

intervention.  

Provide an overview of synergies and trade-offs between EU land policy objectives and 

objectives of existing EU policies 

Another option could be to provide further guidance, through a Land Communication, on main drivers 

of land degradation in different landscape types and leverages offered through the implementation of 

EU legislation and financing programmes. The EU could also highlight possible synergies and trade-

offs between EU land policy objectives, e.g. as defined in the Roadmap for a resource efficient 

Europe, and objectives of existing EU policies (CAP, Cohesion Policy, Climate Change Mitigation and 

Adaptation, Natura 2000, River Basin Management Plans, Green Infrastructure etc.). This would help 

Member States define their own priorities, implement EU policies more efficiently, and design, simplify 

and/or articulate their planning instruments around identified synergies and hotspots, in order to 

maximise long-term socio-economic and environmental benefits of land use, while preventing or 

mitigating side-effects. 

Share experience and knowledge base to encourage and support target setting by Member 

States 

Target setting is a powerful instrument to deliver clear messages about political commitment and to 

trigger further actions in the field of monitoring, regulation and development of economic and 

information policy instruments. It is also a challenging process, which Member States could be 

reluctant to. The EU could encourage Member States to define their own aspirational targets at 

national level and apply the principle of subsidiarity down to the most relevant level of governance for 

setting mandatory targets and prioritise land use functions that would secure an efficient and 

sustainable land use.  
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 which was established to render systematic the co-operation and complementarity between the Member States, 

the Commission and the research institutes attached to the administrations responsible for spatial development. 
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Through a Land Communication, the European Commission could first clarify and refine EU land 

objectives (as preliminary defined in the Roadmap for a Resource efficient Europe
73

), based on the 

recent review of land indicators and targets
50

 and further work on the development of indicators. For 

instance, as none of the indicators reflecting multi-functionality scores well against the RACER
74

 

criteria, no targets associated with these indicators can be implemented at present. The EU could 

pursue the work on the development of a set of indicators reflecting context specific minimum land use 

function provision levels and maximum acceptable trade-offs. Similarly, none of the indicators on land 

recycling scores well against the RACER criteria, hence no targets associated with these indicators 

can be implemented at present. In particular, further work is required for a common understanding of 

the land recycling concept and a harmonised terminology. Amongst the other objectives proposed in 

the Roadmap, the targets for soil erosion and soil organic matter are based on valid indicators and 

relevant levels of ambition; the proposed EU target related to soil organic matter could be 

strengthened in order to promote efforts in larger areas and better encourage the conservation of soils 

with high soil carbon content. As for the net land take indicator, it is considered as one of the best 

existing proxy to describe the development of artificial areas so far, although it may not deliver on its 

own information on the actual impacts of the development of artificial areas and on the intensity of 

land use.  

Despite the work in progress on indicators and targets, the EU could help Member States identify sets 

of existing indicators on land degradation and land use efficiency that reflect best progress towards 

these EU land objectives and could be used to define relevant targets, today or in a longer term. It 

could also highlight successful experiences of target implementation in Member States, with identified 

success factors and barriers, including the pertinent institutional level for target setting. In particular, 

the EU could recommend to Member States a set of key land-related indicators that score well against 

RACER criteria. 

2.4. Towards a more efficient and relevant knowledge base 

The current knowledge base is inadequate for properly assessing land use, land use changes, land 

degradation and land efficiency. 

2.4.1. Problem description 

At the EU level, land cover and land use change are monitored on a regular basis through a 

combination of satellite (Copernicus
75

 with CORINE Land Cover (CLC)) and in-situ (LUCAS
76

) 

observations. These tools provide a coherent vision of land cover and land use (changes) across the 

EU. They provide statistics on major land use trends and thereby informing the EU policy process. 

However, their accuracy remains insufficient to detect small changes, which are particularly relevant 

for monitoring the development of artificial areas and the fragmentation of habitats resulting from 

densification, suburbanisation and/or expansion of transport infrastructure. In addition, their update 

frequency may be too low to track and take action on fast-pace urbanisation.  

Furthermore, these tools are still insufficient to properly understand changes in management intensity, 

cohabitation of land use functions, and the impact of land use changes in terms of provision of 

ecosystem services. Current sets of indicators and statistics available at the EU level do not make the 
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 "By 2020, EU policies take into account their direct and indirect impact on land use in the EU and globally, 

and the rate of land take is on track with an aim to achieve no net land take by 2050; soil erosion is reduced and 

the soil organic matter increased, with remedial work on contaminated sites well underway". 
74

 Relevant, Acceptable, Credible, Easy to understand, Robust 
75

 http://land.copernicus.eu/pan-european/  
76

 http://epp.eurostat.ec.europa.eu/portal/page/portal/lucas/introduction  

http://land.copernicus.eu/pan-european/
http://epp.eurostat.ec.europa.eu/portal/page/portal/lucas/introduction
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link between land use patterns and socioeconomic performance, in part because the required socio-

economic data with the proper spatial and temporal resolution are scarce. They do not fully reflect the 

opportunities for optimising the match between land demand from different socio-economic activities 

and the space actually available. For instance, statistics from CLC or LUCAS cannot be used directly 

to determine the potential areas of land that could be recycled or developed within existing urban 

areas, or to estimate a share of already recycled land. 

These widespread tools are well known by Member States, which actively contribute to data 

production. They are, however, little used by regional and local authorities, which are in charge of land 

use decisions and planning. Several Member States do not rely in practice on these tools as they 

remain of little relevance for spatial planning. 

Shortcomings related to accuracy could be partially overcome through the Urban Atlas in large urban 

zones (LUZs) and the production of pan-European thematic High Resolution Layers (HRLs) 

(imperviousness, forests, grasslands, wetlands, permanent water bodies). Most stakeholders in 

charge of planning are not aware of these latest developments and the extent to which they could be 

relevant to their activities. 

Several EU Member States produce their own land cover / land use / soil monitoring data in parallel to 

EU tools (e.g. AT, BE, DE, EE, ES, FI, FR, HU, LU, LV, NL, and UK)
50

. This often results in a lack of 

consistency due to a lack of common definitions, harmonised methodology and monitoring tools to 

adequately identify, assess, describe and compare land degradation in the EU. There is also a limited 

inter-operability of monitoring and statistical data.  

There is finally a lack of consistent datasets and reliable methodologies for the monitoring of global 

impacts of land use changes and consumption. 

2.4.2. Influence of current policy instruments at the EU or national 

level 

The implementation of the INSPIRE Directive calls for harmonising data collection and reporting 

across Member States. New provisions in the field of LULUCF accounting also enable developing 

harmonised rules across Member States in the agricultural and forestry sector.  

Current activities at EU level (JRC Land Use Integrated Sustainability Assessment (LUISA) modelling 

platform
77

, Mapping and Assessment of Ecosystem Services (MAES)) are contributing to the provision 

of EU wide indicators on land efficiency and land degradation. The ESPON (European Observation 

Network for Territorial Development and Cohesion) network has also developed a consistent 

methodology for analysing comparable information about European regions and cities, based on data 

from different sources and at different levels. 

The EAGLE initiative
78

 reflects the need felt by some Member States and the EEA to ensure better 

consistency between national and European datasets. It also aims to avoid redundant data production 

led by European countries who wish to assess how their national data could be used to derive pan-

European datasets, following a bottom-up approach. 
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 http://ies.jrc.ec.europa.eu/our-activities/scientific-achievements/Land-Use-Modelling-Platform.html  
78

 http://sia.eionet.europa.eu/EAGLE  

http://ies.jrc.ec.europa.eu/our-activities/scientific-achievements/Land-Use-Modelling-Platform.html
http://sia.eionet.europa.eu/EAGLE
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2.4.3. Need to act at EU level 

The design, implementation and evaluation of EU policies influencing land use require a robust 

knowledge base and technical capacity to be able to understand the potential contribution of land use 

as a driver of current environmental and socio-economic problems. This exercise also requires to 

appropriately calibrate efforts to tackle these issues successfully and monitor progress. There is a 

need to keep improving indicators and models at EU level, so that impacts are better taken into 

account for the assessment of policy proposals following Impact Assessment guidelines. 

Besides limiting knowledge about the effectiveness of individual EU and MS policies (e.g. reduced 

quality of EIAs and SEAs), the absence of reliable, transparent, harmonised and interoperable land-

based information, and of clear links with socio-economic performance, can be pointed out as a factor 

limiting opportunities for the coordination of policies, between sectors and governance levels. 

This leads to the need for EU coordination in the production of comparable, quantified and geo-

referenced data, and in the development of harmonised approaches across Member States, through 

harmonised definitions, robust sets of indicators and methodological guidance for data collection, 

reporting and analysis. 

Further action at the EU level to help coordinate and streamline efforts to collect and disseminate 

remote sensing, in-situ and administrative information, at EU or national levels, would lead to 

economies of scale and reduction of administrative burden. 

Furthermore, improved access to regional and local data, in close collaboration with stakeholders, 

would be highly relevant for the design of EU networks such as TEN-T and TEN-E. 

2.4.4. Preliminary suggestions for policy options 

Ensure the implementation of the INSPIRE Directive and keep working on interoperability 

The FP7 HELM project
79

 provides a roadmap for increasing interoperability of land monitoring 

information: 

 The current European land monitoring concept should be modernised based on common 

agreement between national and European levels. 

 An integrated European land monitoring system should ascertain backwards CLC 

compatibility. 

 Land monitoring products require clear quality assurance measures to instil trust in end users. 

 A mechanism is needed for information exchange between different levels of land monitoring 

approaches. 

Continue improving the knowledge base 

The Study on indicators and targets for the Land Communication
80

 provides a list of priorities for the 

short and medium term: 

 Clarify and harmonise terminologies, improve monitoring of existing indicators (methodology, 

monitoring capacity) and production of timely and harmonised datasets (e.g. increase 

frequency and reduce time lag between data acquisition and production of processed 

datasets), in the context of the INSPIRE Directive’s implementation.  

 Further develop and produce new indicators in particular in typologies of urban sprawl, land 

recycling or global impacts. 

                                                      

 

 
79

 http://www.fp7helm.eu/ms/fp7helm/fp7helm_results/  
80

 see above 

http://www.fp7helm.eu/ms/fp7helm/fp7helm_results/
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 Pursue modelling exercises integrating the different functions of land, in order to better identify 

the respective contribution of different drivers and the most promising opportunities in terms of 

development pathways.  

Furthermore, beyond strict land use statistics, a key opportunity for a more sustainable and efficient 

land use in the EU would be to improve the interoperability and accessibility of regional and local data 

related to the socio-economic performance of territories, in order to establish better links with land use 

patterns and dynamics. This would allow including indicators related to land use efficiency e.g. in the 

set of Cohesion policy indicators
81

. These could also be linked to access to EU funding and regional 

planning priorities or remarkable features (e.g. Natura 2000 network, green infrastructure, 

development of transport infrastructure and network). 

Better communicate on the available knowledge base and policy applications 

As discussed previously, extensive work is being conducted at EU level to strengthen the knowledge 

base and the technical capacity for land monitoring. There is a need to inform Member States about 

these new and upcoming opportunities, and to exchange with stakeholders about their relevance to 

planning decisions at regional and local levels. 
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 http://ec.europa.eu/eurostat/web/cohesion-policy-indicators/cohesion-indicators 
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3. Conclusions 

3.1. Is there a need for the EU to act? 

The current sets of policies at EU and MS levels, as currently designed and implemented, generally do 

not provide appropriate and readable signals for land planners, land owners, land managers, 

businesses and consumers, to sufficiently encourage sustainable land use. This contributes to 

unsustainable trends of land degradation, both in the EU and globally. 

There is a pressing need for a better recognition of the benefits and trade-offs of the multiple land use 

functions during planning decision processes and for a more coherent approach to the many policies 

affecting land use in the EU. This need will continue to increase as land use pressures continue to 

develop. In a context of limited land resources, expanding demand and conflicting uses, a more 

sustainable land management will require a shift towards more participatory, systemic, transparent 

and long-term oriented approaches, crossing not only land functions and sectors but also 

administrative levels and borders. 

Although the principle of subsidiarity in the field of land use planning and management calls for limited 

intervention at European level, it is becoming increasingly difficult for Member States to manage land 

use issues in isolation from broader European policy decisions, and in isolation from decisions taken 

in other Member States in the context of a single market. 

Because EU policies do influence land use decisions, within the EU and abroad, and may contribute to 

– or impede – the achievement of the EU’s land, resource efficiency, water, biodiversity and climate 

and energy objectives, a more sustainable land use should be driven first by an optimisation of the EU 

policy framework. The EU is best placed and has a direct responsibility in mitigating detrimental 

impacts that could result from the implementation of some of its policies; it also has a responsibility in 

addressing potential implementation failures of EU instruments contributing, at least to some extent, to 

sustainable land use. It could also enhance their positive influence, through improving policy 

provisions, coherence, evaluation processes and/or related guidance; and ensure that the positive 

impact on land use of investment instruments is maximised. 

Besides ensuring the coherence and optimisation of its own instruments, however, the EU level has 

above all a key role to play in building a more coherent and shared vision of what should be a 

“sustainable land use” by 2020 and beyond, and how this would articulate with other policy objectives 

and regional priorities. This would be a key opportunity to demonstrate the potential of a more 

sustainable land use to address current EU challenges relative to resource efficiency, social cohesion 

and competitiveness. 

There is therefore a need to act at EU level to clarify EU land use ambition in the short, medium and 

long-terms, e.g. through setting clear objectives and principles that can be followed consistently 

across different levels of governance and across sectors. This clear positioning is necessary, both for 

the EU as a single market and as a global actor, in order to create the confidence required for taking 

long-term planning decisions, boosting investments, and reinforcing international partnerships, with 

positive short-term impacts on jobs and growths alongside long-term environmental impacts. 

There is a need to act, at the EU level, to raise the awareness of policy-makers, civil society and 

businesses, and to trigger informative debates about the magnitude and scale of impacts of land use 

decisions on other resources, sectors, and/or geographical areas. It is arguably through discussions at 

the EU level that can be better understood land use trade-offs and opportunities for the 

competitiveness of Member States and of the EU economy as a whole.  

Lastly, it would be relevant to act at the EU level to enable Member States to benefit from the EU’s 

convening power, and its potential for experience sharing, development of an extended knowledge 

base, and capacity building. 
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There is a strong case for the need to act at the EU level in order to efficiently engage all Member 

States (collectively and individually) towards a more sustainable land use. Yet, it is an area where 

stewardship and subsidiarity issues remain very politically sensitive for Member States. EU action 

would therefore only be legitimate, acceptable and successful if it leaves flexibility to Member States to 

prioritise actions suitable to their own environmental and economic challenges and modes of 

intervention. It will also be important to focus Commission activity on the areas where it can deliver 

most benefit, and without creating unnecessary ongoing administrative burdens for the Commission 

itself.    

3.2. How urgent is the need to act? 

Once the need to act at the EU level has been agreed, a key question is “when” to act. Is action 

urgently needed, or can it be implemented in a longer term? 

Three factors justify taking action in the short term:  

 current land status and trends;  

 the international agenda; and  

 the EU political agenda.  

Taking action for more sustainable land use is urgently needed to halt current unsustainable patterns 

of land take and land degradation. It is all the more pressing as a significant amount of time may be 

needed for Member States to build adequate capacity for change and operate a practical shift towards 

more integrated and sustainable land use, and as many land use decisions taken every day are likely 

to have long-term consequences, if not irreversible damages. There is therefore a need to 

communicate as from now on the commitment of the EU to promote more sustainable land use, on its 

vision and ambition for 2020 and beyond, in order to build momentum and engage stakeholders. 

The international and EU political agendas show short-term windows of opportunities for the 

implementation of changes.  

Unless it was justified by the urgent need to tackle unacceptable impacts, it would not be relevant to 

act independently of the EU political agenda, as it would only add unnecessary administrative burden, 

both to the EU and Member States. As all relevant actions cannot be taken today, efforts should rather 

be focused on contributing to current debates and/or on those existing instruments that are, or will be 

soon, under review. One the most promising window of opportunity in the short term - amongst 

existing EU legislation - is the upcoming revision of the SEA Directive. Other opportunities lie in e.g. 

the on-going methodological developments relative to the Green Product initiative or in the Blueprint 

follow-up actions. Some instruments have been reviewed only recently, which limits the possibilities of 

proposing amendments in the short term.  In these areas, improvements could be introduced 

progressively, e.g. to ensure that land use sustainability issues are integrated in preparations for the 

post 2020 period, for instance with the next CAP reform and Rural Development Programs, the review 

of the Effort Sharing Decision, or of the next period of the Cohesion Policy. In this respect, the greatest 

potential may lie in better integrating the different functions of land in Cohesion Policy. 

The international agenda also calls for action to be rapidly taken at EU level, with the upcoming 

implementation of the Sustainable Development Goals (expected to be adopted in Sept. 2015) and 

developments in UNFCCC negotiations in the run-up to the Paris Conference and beyond. Both are 

opportunities to better recognise the importance of a more sustainable and efficient land use in the EU 

for the increased resilience of the environment and socio-economic activities to changing climate, 

social cohesion and competitiveness in the long-term. 
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From there, there are two possible approaches the Commission could adopt to address the need to 

act: 

 Either the Commission publishes a communication setting out a vision, and seeking 

endorsement from the co-legislators of an overall approach to progressive adaptation of the 

existing legislation and existing policies; 

 Or the Commission adopts a horizontal approach internally, aiming at better integration of 

land use issues into existing policy instruments, but without the benefit of Council and 

Parliament endorsement, and therefore with a risk that the importance of land use issues in 

relation to individual sectoral instruments is insufficiently understood. 

3.3. Does it require the implementation of any new instruments or policies? 

Given the economic priorities set out in the Commission’s political guidelines, the sensitivity of the 

issue of land stewardship across Member States, current work in progress at the EU level and the 

potential for improvement inherent to the current policy framework, it does not seem relevant at this 

stage to implement new regulatory instruments at the EU level. Many instruments are already in place 

in the EU that could promote a more sustainable land use.  

Therefore, priority should rather be given to:  

 Optimising existing EU policy instruments based on the opportunities offered by the EU 

political agenda;  

 Coordinating efforts between sectors (e.g. coordination of the agendas between DG) and 

between Member States (e.g. concrete recommendations to Member States through the EU 

Semester);  

 Identifying synergies  and corresponding streamlining opportunities (e.g. funding, 

implementation plans); and  

 Engaging with and supporting Member States in better implementing EU policies and 

taking informed and sustainable decisions (e.g. knowledge base, capacity building).  

Given the current socio-economic context, such a rational approach, which essentially relies on 

existing instruments, regular procedures and stakeholder networks, may be particularly powerful for 

encouraging a more sustainable and efficient land use in the EU. 

Most of the aforementioned proposals could be achieved through internal and regular work at the 

European Commission, with the publication of working papers, concerning e.g. the review of the EU 

Directives, or the elaboration of guidance to better consider land-use issues in ex-post evaluations. 

However, a key factor for a successful implementation of more sustainable practices remains 

the understanding of the issues at stake at the Member States’ level and the engagement of the 

public and private stakeholders. For this reason, we suggest that two policy measures should be 

further investigated: 

(i) The definition of indicative targets at the national level for key land-related indicators, to be 

proposed by the Commission and agreed with Member States: regardless of the impact of the 

targets themselves, they would raise awareness of the land use issue and competing 

pressures, creating space for discussion between sectors and levels of intervention; they 

should also trigger or strengthen the implementation of policy instruments, and provide a long-

term vision for a land-use strategy. 

(ii) Further promotion of public debate, building on existing stakeholder networks or public 

consultation procedures, in order to share relevant experience, and trigger the implementation 

of pilot initiatives or the deployment of best practices. Issues to be discussed could include: 

 How to better coordinate and increase access to various sources of funding, in 

multifunctional territories (e.g. peri-urban areas); 
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 How to secure multi-annual agri-environment agreements in a context of complex property 

rights; 

 What is the potential of public/private partnerships for a more integrated land management 

and planning;  

 How to coordinate in practice the multiplicity of territorial plans (biodiversity, River Basin 

Management Plans, Flood Risks Management Plans, urban plans, etc.); and 

 How to make the most of the EU knowledge base and its latest developments, and use it 

in practice in land use planning.  

 etc. 
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This annex provides some background information about the context of land use in the EU and global 

land use due to EU consumption patterns. It is structured following the DPSIR framework (Driver  - 

Pressure – State – Impact – Response). The response component is not addressed here as it is 

discussed in the main document. This annex must be considered with caution, as it is based on a 

progress report dated from May 2014 and may not reflect the latest developments with regards to 

current and future trends. 

1. Macro-drivers of land use - land 

use change and associated 

pressures 

1.1. Overview 

Most of the available literature investigating drivers of change in land use that lead to pressures on the 

services provided by the land focus on changes in land cover. Recent studies have synthesised case 

studies worldwide on the drivers of urbanisation, deforestation, wetland conversion and degradation 

(Geist and Lambin, 2001; Geist and Lambin, 2002, Turner II et al., 2001; Geist, McConnell et al., 

2006; Seto, Fragkias et al., 2011; Asselen, Verburg et al., 2013; Van Vliet et al., 2015).  

The drivers of changes in agricultural management, including intensification and abandonment are 

much less frequently investigated (MacDonald, Crabtree et al., 2000; Poyatos, Latron et al., 2003; 

Munroe, van Berkel et al. 2013), while land management actions directly impact the functioning of land 

resources, including the capacity to provide many ecosystem services and biodiversity. In particular, 

the sparse knowledge on the drivers of intensification makes an assessment of future changes in 

agricultural intensity difficult.  

Even less frequently addressed are the drivers of changes in configuration of land uses in the 

landscape. Evidence of drivers of changes in land use configuration is found in scale enlargement of 

agricultural firms for management efficiency reasons, the removal of landscape elements and 

hedgerows as a result of losing their original functions as fencing and firewood provisioning, or the 

fragmentation of agricultural areas after the post-socialist land redistribution (Sikor, Müller et al. 2009).  

Both the extent of land cover and the spatial patterns of intensity are strongly controlled by the 

demand for products that are produced on land, most importantly food products. This demand is 

expected to grow, influenced by global population growth and economic development (Erb et al., 

2012).  

Drivers for land use change can be subdivided in drivers for the demand for land-based products, and 

drivers for the supply of these products. The most important drivers are listed in Figure 2 and 

discussed in the subsequent subsections.  
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Figure 2: Drivers and pressures leading to changes in land cover, land use and land functions 

 

Pressures on land, expressed through land demands, are likely to be exacerbated in the context of 

demographic changes (growing population or shift between rural and urban environments), rising 

consumption of meat and dairy products in emerging economies, increasing use of biomass for energy 

and other industrial purposes, and changing climate. In particular, the challenge to produce about 70% 

more food by 2050 for a growing and increasingly affluent world population is generally regarded as 

one of the main drivers of land use change worldwide (Verburg et al., 2013), since land-based 

production provides the major biophysical basis for food security. On the one hand, the fact that land 

is now - through the development of international trade - a resource on a global market, increases 

opportunities for better land efficiency, through a more effective and sustainable allocation of land. On 

the other hand, it increases the risks of detrimental impacts associated with unsustainable land-use 

decisions, as well as the complexity of monitoring the land use effects of EU consumption and 

production patterns and policies.  

Macro-level drivers such as global demographic change and economic development can only be 

marginally influenced by EU policies. However, these developments provide a context of increasing 

pressures on land resources where EU-level drivers and policies can be employed to decrease 

pressures within the EU and mitigate the effects of increasing global pressures on land use. The past 

and current trends of these macro-level drivers are discussed in section 1.2. 
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1.2. Macro-scale drivers 

1.2.1. Demographic developments 

► Past trends 

The most important demographic processes influencing population changes are natural population 

changes (fertility and mortality) and migration balances. Population size and composition drives the 

demand for residential areas, infrastructure and recreational areas, and therefore urban land take. 

Additionally, the ratio of urban versus rural population influences the spread of cities and sprawl of 

built-up in rural areas, respectively. Secondly, the population size influences the demand for food and 

fibre. In this way, it influences the demand for agricultural land area and influences land use intensity. 

Impacts of these changes in land cover and management are observed at other locations than where 

the demand is found. While changes in the extent of built-up area are restricted to the locations where 

population changes are happening, impacts of population change on the extent and intensity of 

agricultural land are found in agricultural areas elsewhere and connected with the locations of the 

demand through global trade flows. 

Over the years 1993-2003, annual EU population growth rates per country ranged between 0 and 

0.5%. Growth rates are lower in rural areas than in intermediate and urban areas. There is a 

downward trend in natural reproduction; only the most urban regions show a small surplus (Nowicki et 

al., 2006). Immigration shows a steady increase, expect for Romania and Bulgaria (Nowicki et al., 

2006). Over the past decade (2003-2013), the EU population increased by 3%, from 484.8 million to 

501.4 million. While the EU-15 faced a population increase of 4.4%, population in the EU-13 

decreased by 2.1%. Most pronounced increases are seen in Belgium, UK and France while decreases 

up to 13.5% are seen in the Baltic countries (European Commission, 2014) (see Figure 3). 

► Future trends 

Eurostat projects increasing population in both EU-15 and EU-12. Compared to population projections 

used in other studies, this estimate is on the high side. Recent scenario studies apply population 

projections from IPCC-SRES (EURURALIS, VOLANTE) or UN BIO et al.,2014). Population projections 

for the EU range between a decrease of -0.2% annually (EURURALIS B2 scenario) (Eickhout and 

Prins, 2008) and an increase of 4% annually (Perez-Soba et al., 2010) (see the figure below). All 

future scenarios assume a decreasing rural population and an increasing urban population in Europe. 

Regional differences mainly indicate increasing population in the EU-15, first due to immigration, and 

decreases are more often seen in the EU-12 due to emigration. The medium fertility scenario of the 

UN, as used in the baseline scenario defined by BIO et al. (2014), assumes a continuous population 

decrease in Europe, with increases in some northern and western European countries and decreases 

elsewhere. 
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Figure 3: Annual population change in the EU 

 

1.2.2. Economic development (GDP) and changes in lifestyles 

Overview 

► Past trends 

Over the years 1990-2003, world GDP growth was 2.6% per year. The EU showed a lower GDP 
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for the EU-12. 
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A JRC Baseline follows Eurostat EPC/ECFIN long-term projections on economic development and 

assumes a GDP increase between 1.5 and 2% per year (EC DG Energy, 2010). Other recent scenario 

studies use GDP projections ranging between annual increase of 1.5% (Tucker et al., 2014) and 

3.48% (VOLANTE, A1 scenario) (Lotze-Campen et al., 2013) while BIO et al. (2014) assume a 1.84% 

annual increase. In the EU, studies that provide regional specification assume higher growth rates in 

the EU-12 than in the EU-15. GDP growth in the EU-12 is generally 1.5 times higher than in the EU-15 

and is typically 3-4%. GDP increases in EU-12 are typically 1-2.5%. The European Commission 

estimate is 1.6% average annual growth up to 2030.  

These scenario studies use GDP projections that were made before the financial crisis. GDP 

projections from recent scenarios are, consequently, high compared to actual recent changes. This 

might have led to overestimation of changes in built-up expansion and consumption. 

Pressures 

► Past and future trends 

Macro-economic development exerts multiple pressures on land use.  

First, per capita income growth increases the residential area used per capita and therefore stimulates 

urban expansion. However, the development of economic and industrial activities near cities, together 

with the decline of traditional rural economies, mostly explains current land take since the share of 

overall conversions for residential purposes have been decreasing for the last decade (EEA, 2010). In 

some European regions, like eastern countries, land take is boosted by business opportunities offered 
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Second, economic development influences consumption per capita as well as the preference for meat, 

which increases with GDP. It is assumed that the global demand for food will be increasingly 

determined by the development of incomes rather than by growth of the global population (Nowicki et 

al., 2006). Income growth is generally correlated with changing dietary preferences from cheaper 

staple foods to higher value ingredients. High income countries consume relatively large shares of 

animal proteins, fruits, vegetables, vegetable oils and stimulants such as coffee and alcoholic 

beverages. Diets in poorer regions contain, on average, 10% or less of the available calories from 

animal proteins (FAO, 2012; BIO, 2014). In Europe, about half of the protein intake originates from 

meat, eggs or dairy products and both protein intake and saturated fats intake are above the WHO 

recommendations. In an analysis of the impact of decreasing the intake of animal products by 25-50%, 

Westhoek et al. (2014) showed that the demand for feed decreased by 24-47% while the need for 

forage grown on arable land will be reduced by 90%. The 50% meat and dairy reduction diet gives a 

75% reduction in soymeal use, a 46% reduction in energy-rich feed imports and a 52% reduction in 

feed cereal use. Next to the land take effects, the reduced intake of animal products will significantly 

reduce fertilizer application (by up to 40%) and with that lead to a cascade of effects on NHx 

emissions improved water quality and decreased greenhouse gas emissions.  Additionally, 

preferences for food composition and food origin, and perceived importance of health issues, animal 

welfare issues and sustainability influence the quantity of crop and livestock products needed and, in 

turn, the demand for land and production intensity. The increasing demand for food and livestock 

products increases the competition for land, increases land prices and leads to more intensive use of 

land resources, and urbanisation. Several recent baseline scenarios assume increasing demand for 

crop and livestock food products. This applies for the baseline scenario used by Tucker et al. (2014) 

where the demand follows GDP changes and for the scenario used by BIO et al. (2014) that assumes 

a demand increase of crop products of 0.5% per year in the EU-27 and increases up to 2.6% per year 

in Sub-Saharan Africa. For feed, the estimate is +0.4% in EU-27 and for other world regions up to 

2.4% (Sub-Saharan Africa). Perez-Soba et al. (2010) assume that international food safety standards 

are raised. New mechanisms to ensure high social and environmental production standards are 

developed and developing regions also comply with these standards. Animal welfare and health 

considerations are assumed to decrease meat consumption. 

Third, economic development is associated with technology development. Advances in agricultural 

technology have increased the productivity and yields of crops resulting in an increased supply of 

agricultural products (BIO, 2014). Recent scenario studies closely follow yield estimates by agricultural 

outlooks from the OECD (see the table below) and the US Department of Agriculture. They assume 

increases in yield in the EU. Only the Scenar2020 study assumes decreases in yield in southern 

Europe due to water scarcity. For example, VOLANTE assumes productivity increases of 8-22% over 

30 years (+0.27-0.73% per year).  

It is doubtful that these yield increases could actually be achieved; cereal yields at EU level have been 

decreasing by 1.2% annually in the EU (European Commission, 2014). Several EU-13 countries still 

show increases of cereal yields, but especially in the EU-15 countries yield decreases are widespread. 

Root crops show very small yield increases throughout the EU while for oil crops decreasing yields 

have been observed over the past decade (European Commission 2014). A simulation of future 

technology changes with an endogenous approach also showed decreasing future yields in Europe 

while, outside the OECD countries, stronger yield increases are expected and are more likely (Dietrich 

et al., 2014).  
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Table 1: OECD agricultural outlook 2005, 2013 for OECD countries 

Commodity 

Average yield (t/ha) Annual growth (%) Average yield (t/ha) 

2002-04 2014 1995-2004 2005-14 2020 

Wheat 3.2 3.5 0.92 0.96 3.7 

Coarse grains 5.3 6.2 1.60 1.34 6.6 

Rice 4.9 5.3 0.69 0.56 5.1 

Oil seeds 2.4 2.7 0.84 1.02 2.8 

 

1.2.3. Globalisation and international trade 

► Past trends 

Over the past decades, globalisation and international trade have resulted in decreasing costs of trade 

in agricultural and other products, mainly driven by liberalisation of trade policies (BIO, 2014). 

Enhanced trade within and between trade blocks and globalisation have also influenced the past 

increase of trade. This has induced a shift of production to regions with advantages like primary 

production and/or value-added skills. Especially low-value commodities have been increasingly 

imported to the EU over the past decade.  

Trade policies such as import tariffs and export subsidies, affect prices of agricultural products. These 

trade policies influence how attractive it is to import or export products, including food, to or from 

Europe. This influences the demand for cropland, grassland and managed forest within and outside 

Europe. Lower tariff walls are assumed to decrease demand for agricultural land, due to increased 

import and lower agricultural production within Europe. 

► Future trends 

Recent baseline scenarios assume that the current tariff walls, import tariffs and export subsidies 

remain intact. This applies for the baselines from SENSOR (Kuhlman et al., 2006), JRC (Lavalle et al., 

2013), No Net Loss (Tucker et al., 2014) and BIO et al. (2014). Perez-Soba et al. (2010) assume 

phasing out of export subsidies and import tariffs. Non-tariff barriers are expected to increase slightly. 

The VOLANTE and EURURALIS projects simulate multiple plausible pathways of international 

relations. In both studies, two scenarios that assume an opening up of global markets, while with two 

other scenarios assume keeping current import and export restrictions (Lotze-Campen et al., 2013; 

Eickhout and Prins, 2008). 

1.2.4. Climate change 

Climate change influences the potential productivity of the land and the suitability for occurrence of 

land use types. Most importantly, sufficient rain is needed for crop and grass production, and each 

crop requires a specific range of temperatures to grow. 

Climate change can also influence land demand. Past temperature increases have slightly increased 

biomass production. Such increases in production can help fulfil demand for food and fibre with less 

space. Climate change can result in water scarcity in southern Europe, which negatively affects 

potential crop production.  

Climate change could also change the spatial distribution of land use. Due to changes in climate, the 

locations of areas with a high production potential might change, resulting in changes of the land use 

pattern.  

Bindi et Olesen (2011) indicate that north-western Europe will face increase in temperature and 

changing precipitation patterns, while eastern and southern Europe will see a decrease in rainfall. 
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However, the implications of these changes for yields and land resources is more complicated, as 

shown in Figure 4. This figure shows that the negative impacts on crop production is especially due to 

increased occurrence of extreme weather events, such as hail, drought and heat stress, but also due 

to consequences of climate change such as weeds, diseases and soil erosion. 

Other studies largely confirm that climate change in Europe will lead to opportunities for crop 

production, as it increases the growing degree days and temperature for some areas, particularly 

Scandinavia. This will expand the areas that are climatologically suitable for agriculture (Bindi and 

Olesen, 2011) On the other hand, climate change will most likely negatively affect southern and 

eastern Europe as it results in increased vulnerability due to declining soil fertility, declining water 

availability, increasing risk of forest fires), especially in the Mediterranean and mountain regions 

(Schröter et al., 2005; Tuck et al., 2006).  

Figure 4: Expected average scores for impacts of climate change on a range crop production limiting 
factors for five selected crops 

 

Legend: a) winter wheat; b) spring barley; c) grain maize; d) grassland; e) grapevine. Rows indicate different ecological zones in 
Europe and columns the various effects of climate change. The colour-coding reflects positive effect (green) or negative effect 
(red).The grey colour represents area without present crop production (Bindi et Olesen et al., 2011). 

In addition to direct effects on crop production, climate change will effect land indirectly. For example 

climate change and associated higher temperatures may require less dense urbanisation and 

inclusion of water and green areas within cities to limit the urban heat island effect. However, this 

requires space and may lead to additional land take. 
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However, recent scenario studies on future land use in Europe (Perez-Soba et al., 2010; BIO et al., 

2014; Lavalle et al. 2013) generally assume moderate changes in the climate but do not consider any 

effects of climate change on land use. Within the relatively short timeframe of the studies considered 

(up to 30 years), no significant impacts are expected. Also, the impact of other factors (most 

importantly land use change) is assumed to be much stronger than the impact of climate change. 

1.3. Focus on drivers of land abandonment and intensification 

1.3.1. Drivers of land abandonment 

► Past trends 

The most important explanatory factor for cropland abandonment relates to institutional drivers 

(Kuemmerle et al. 2013b). It is followed by natural conditions, as cropland abandonment is less likely 

in areas with SOC contents <8%, more likely in areas with <15% clay content, and less likely in areas 

with a mean annual temperatures in the 7-15 °C range and annual precipitation sums in the 200-300 

mm range. For this European scale analysis, socio-economic drivers like employees and labour force 

and population density had a relatively low influence on the likelihood of cropland abandonment. 

These results match the suggestion of Hart et al. (2012), where a higher abandonment risk was 

expected in areas with moderate constraints. However, the statistical models for explaining cropland 

abandonment have limited explanatory power.  

Van Vliet et al. (2015) confirm based on a meta-analysis of 143 studies on agricultural extensification 

that spatial factors are an important driver for the decrease in agricultural area, next to economic 

drivers, institutional drivers and farm and farmer characteristics (Table 2).  

Table 2: Drivers for agricultural extensification 

 

Demographic 
drivers 

Economic 
drivers 

Technological 
drivers 

Institutional 
drivers 

Social 
and 

cultural 
drivers 

Spatial 
factors 

Farm(er) 
characteristics 

Decrease in 
agricultural 
area  

9% 22% 7% 21% 7% 20% 14% 

Increase in 
landscape 
elements 

0% 0% 0% 43% 0% 0% 57% 

Decrease in 
management 
intensity 

6% 21% 0% 26% 9% 15% 23% 

Change in land 
use activities 

9% 21% 9% 17% 8% 18% 17% 

Diversification 0% 25% 0% 25% 0% 18% 33% 

Note: Numbers indicate the percentual counts of manifestations of the drivers per agricultural extensification type. 
Only results that appeared in > 5% of the cases are indicated (Based on (Van Vliet et al, 2015). 

► Future trends 

Most drivers for land abandonment are forecasted to remain, and some of the key drivers are 

expected to intensify, most importantly as a response to increasing exposure to global agricultural 

markets. This is likely to result in increasing specialisation and scale enlargement, and will decrease 

the viability of already marginal systems. These pressures will interact with (i.e. contribute to) ongoing 

soil erosion and degradation, and widespread rural depopulation. Additionally, decreases in yield are 

expected in southern Europe that further decreases the viability of marginal agricultural systems. This 

might further increase abandonment. CAP measures, most importantly agri-environmental payments 

and Less Favoured Areas (LFA) policies, to a certain extent mitigate land abandonment (Keenleyside 

and Tucker, 2010). 
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1.3.2. Drivers of land intensification 

► Past trends 

Institutional and political settings are the dominant and mostly only significantly explanatory factor for 

land use intensity (Kuemmerle et al., 2013b). Additionally, a high intensity was associated with low 

HNV shares. Yield patterns and changes were best explained using the country as an explanatory 

variable. Secondary explanatory factors for fertilizer application rates were biophysical characteristics 

like temperature, terrain ruggedness and soil organic carbon. Average annual temperatures above 12 

°C limit cereal yields and soil depths >60 cm increased yields in 1990. In 2006, cereal yields tend to 

be higher close to large cities and lower in sparsely populated areas. The explanatory power of the 

statistical models was however low (Kuemmerle et al, 2013b). 

Cropland recultivation (i.e. expansion) could be quite well explained statistically, using a country 

dummy. An additional driver was that recultivation of cropland was more likely at annual precipitation 

sum >300mm (Kuemmerle et al 2013b).  

The farm / landscape scale meta-analysis by Van Vliet et al. (2015) (75 studies) shows comparable 

drivers of change: institutional change is an important driver for cropland expansion as well as 

intensity increases. However, also farm characteristics and spatial factors showed important (Table 3). 

The former are not captured at an EU scale analysis.  

Table 3: Drivers for agricultural intensification 

 

Demographic 
drivers 

Economic 
drivers 

Technological 
drivers 

Institutional 
drivers 

Social 
and 
cultural 
drivers 

Spatial 
factors 

Farm(er) 
characteristics 

Increase in 
agricultural area  

0% 12% 29% 24% 0% 17% 18% 

Decrease in 
landscape 
elements 

0% 11% 28% 22% 0% 17% 22% 

Increase in 
management 
intensity 

0% 12% 27% 24% 0% 14% 24% 

Change in land 
use activities 

0% 0% 21% 21% 0% 38% 21% 

Specialisation 0% 0% 22% 33% 0% 0% 44% 

Source: Van Vliet et al., 2015. 

Note: Numbers indicate the percentual counts of manifestations of the drivers per agricultural intensification type. Only results 
that appeared in > 5% of the cases are indicated 

► Future trends 

Based on an inventory of recent scenario studies, Tucker et al. (2014) expect an increase in food and 
energy crop production, declining livestock production, decrease of agricultural employment and 
number of form holdings and continued specialisation. 
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1.4. Land availability vs. land demand: key factor determining the actual 
pressure on land 

Aforementioned macro drivers put pressures on the actual use of land through multiple demands for 

land, which may be conflicting in the context of a limited resource. Actual pressure on land results 

from the match or mismatch between land availability and land demands.  

For instance, the pressure exerted by the demand for infrastructures in urban areas will be more or 

less important depending on the availability of land for construction in suburban area and/or 

opportunities for recycling and building retrofitting. Similarly, the pressure exerted by the demand for 

food, feed and fibre will be dependent upon the overall availability of productive land. 

Focus on availability of productive land  

The world’s production capacity of agricultural products is a function of the land area under cultivation 

and the intensity with which this land is cultivated. Consequently, changes in the world’s production 

capacity can originate from changes in the total area under cultivation and changes in the intensity 

with which this land is cultivated. Increases and decreases in the total area under cultivation are 

denoted as expansion and contraction, respectively, where contraction can be due to land 

abandonment as well as conversion of cropland to other land uses. Whether production increases will 

be achieved through expansion of agricultural land or intensification of existing land depends to a 

large degree, on the amount of land that is available and suitable for cultivation. Estimates of available 

land for cultivation exist for different uses, such as food production and biofuel cultivation.  

Figure 5 provides an overview of available global cropland estimates, showing a wide range of results, 

depending on the criteria included and the assumptions underlying these estimates. The main source 

of the differences between these estimates is the assumption whether or not forests can be converted 

to cropland or not. Estimates including forests typically indicate what is possible, while estimates 

excluding forests indicate what is achievable with relatively little damage to the environment. Albeit 

rough, estimates of the availability of agricultural land in Europe exist (Figure 6), and range between 

10-100 million hectares for cropland, and 300 million hectares including pastures as well. These 

estimates cannot be applied to the EU directly, as most studies are global in scope, providing an 

estimate for continental Europe as a whole. Only Krasuska et al. (2010) provide an estimate for 

cropland availability for EU-27, of approximately 20 million hectares (Figure 6).   
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Figure 5: Overview of estimates of global cropland availability compared to the current amount of 
cropland 

 

Figure 6: Overview of estimates of European cropland availability compared to the current amount of 

cropland. 
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available for further expansion of land use activities by humans and suggesting that land take by 

urban uses can easily be compensated by novel agricultural lands (at the loss of other land cover 

types and the goods and services provided and maintained by them). In addition to positive estimates 

about the available land resources, other studies have made very optimistic assessments of the 

capacity of land resources to produce agricultural commodities (Franck, von Bloh et al., 2011). Such 

positive assessments should be interpreted with care. In a recent analysis, Lambin et al. (2013) 

indicated that land availability in most assessments, including most of the model based assessments 

used in major outlook studies, is likely to be overestimated.  

The differences in availability estimates originate from a number of factors. First, studies take different 

assumptions of what land covers or land uses are available. For example, Bruinsma (2003) assumes 

forests are available for agriculture, while Hoogwijk et al. (2003) do not. Second, different sources of 

data add to the discrepancies. For example, when comparing the area of forest in the Global Land 

Cover 2000 and GlobCover datasets, the difference is 153 million hectares (Fritz et al., 2013). Thirdly, 

differences in estimates stem from the specific purpose for which the estimate was calculated. For 

biofuel production specifically, for example, more recent estimates on land availability exist than for 

cropland in general. Most studies on land availability for biofuel production specified that they 

estimated the amount of land where biofuels could be produced without impacting food production. 

The differences in the underlying assumptions of land availability estimates and their application in 

land change assessments show that there is disagreement within the scientific community on land use 

change regarding the future of agricultural production. There are also factors that affect land 

availability that are not applied in any of the reviewed estimates. Van Zanten et al. (2013) show that 

policies can greatly influence intensity and area changes of agricultural production, as the European 

Common Agricultural Policy reforms resulted in cropland area contraction as well as intensification. 

Lambin et al. (2013) argue that social trade-offs, such as hunting grounds and recreation areas, and 

ecological trade-offs, such as ecosystem services like water filtration, actually make some areas 

prohibitively costly to convert to agriculture (see Figure 7), and therefore their lack of inclusion in land 

availability estimates leads to an overestimation of land availability. As an alternative to existing 

estimates for available cropland, Lambin et al. (2013) proposed to compute potentially available 

cropland (PAC) that accounts for trade-off. This PAC, which is a subset of all potentially available land, 

only includes land that can be converted at low ecological and social costs, hence excluding 

biodiversity corridors, recreation areas or sacred grounds. 

Figure 7: Potentially available cropland (PAC) as a function of the ecological and social costs of land 
conversion 

 

Legend: (1) top-down estimate of PAC; (2) bottom-up estimate of PAC based on various constraints; 
(3) potentially available cropland that accounts for social and ecological trade-offs (PACt). 
Consideration of constraints and trade-offs reduces PAC and increases the cost to access PAC. 
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When performing an analysis of available land for agricultural production, there are limitations that 

exist largely due to the scale of analysis and resolution of data. Fritz et al. (2013) highlight that local 

scale heterogeneity is not always captured in datasets. Likewise, local scale practices are not always 

accounted for when applying constraints and thresholds at a global level. At a macro level, some of 

the constraints applied to global land availability suggest that agriculture might not exist where it in fact 

does currently exist (see Figure 8 below). For example, an Aridity Index (Zomer et al., 2007, 2008) is 

used to distinguish hyper-arid and arid areas (aridity index < 0.2) as being unavailable for agriculture, 

which eliminates large parts of current agricultural areas that utilize irrigation infrastructures for water 

supply. Similarly, eliminating areas with a slope of greater than 30% from availability eliminates large 

shares of existing cropland, especially in the Mediterranean, where it is common to cultivate terraced 

hillsides. Also, areas with a population density greater than 25 people/km
2
 are eliminated in some 

estimates, which remove large shares of peri-urban land, which, despite its high population density, 

are very productive. These are examples that highlight the challenges of attempting to apply global 

scale data and analyses to more local scale realities. In addition to the macro scale data and analysis 

challenges discussed above, there are also micro-scale contributors to uncertainty in land availability. 

These are when sub-pixel heterogeneity is not captured by the classification or categorisation of a 

pixel, which may lead to both under- and overestimation of land availability at the local level. 

Figure 8: Examples of areas where biophysically constraining factors indicate that areas where 
agriculture currently exists are in fact unsuitable for agricultural production. 

  

Legend: A) In Pakistan 68% of existing cropland is located in areas with an Aridity Index of less than 
0.2, falling into the arid and hyper arid categorisations identified to have significantly lower productive 
capacity (Asselen and Verburg, 2012). B) In Ethiopia 46% of existing cropland is located on slopes 
with greater than a 30% grade. C) In eastern China 88% of existing cropland is located in areas with 
population densities greater than 25 people per km

2
. 

Figure 9 illustrates where sub-pixel heterogeneity can lead to an underestimation of available land. 

Panel 1, shows that this area is perceived by the data as having slopes too steep to cultivate (i.e. 

slope > 30%) but when the individual pixel is analysed, it is clear that there is an abundance of 

agricultural area on what appears to be relatively level ground. Panel 2 clearly shows cropland 

adjacent to poor and rocky soils, which is the reason for this pixel to be categorized as unavailable. 

Panels 3 and 4 show where sub-pixel heterogeneity can lead to an overestimation of available land for 

agriculture, as these pixels are available in the estimates that were produced for this study. Panel 3 

shows that an urban area in the centre of cropland takes up about 40% of the area, while panel 4 

shows lakes present in a large portion of the cell. Like the macro-scale snapshots discussed above, 

these micro-scale snapshots show that the fine scale processes taking place on the ground are not 

always captured by global scale analyses. These also show that at the raster cell level it is common 

that it is not the case that 100% of the cell can be cultivated. Since sub-pixel information can lead to 
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both under- and over estimation of results, it is not clear what the effect is on the overall estimation of 

available land.  

Figure 9: Examples of under and over estimation of available land at the pixel level 

 
Legend: The red line is a cell from a land estimate (Eitelberg et al, in preparation) with an area of 85.56 km

2
. 1) 

This cell is unavailable in the most liberal high estimate due to its slope exceeding 30%, however there is clearly 
agricultural production here (red shaded area). 2) This cell is unavailable in the high estimate due to rocky debris 
and poor soils being categorized as unavailable, while approximately 40% of the cell is agriculture (red shaded 
area). 3) This cell is available in the most constrained low estimate, however, urbanisation (red shaded area) 
reduces the proportion of the available area in this cell. 4) This cell is available, but the abundance of lakes (red 
shaded area highlights a few of the lakes) here reduces the portion of the cell where agricultural production can 
take place. 

Concerning the intensity of management and potential further optimisation of production on current 

land areas the potential may be lower than sometimes assumed. Similar to expanding land area there 

are limiting factors: in some areas further intensification will come at a very high cost as mechanisation 

is not straightforward due to terrain conditions. Further intensification may have negative impacts on 

environmental conditions, e.g. water quality or land degradation, threatening the sustainability of such 

further intensification. Although studies on the potential resource availability and resource productivity 

are useful, it is unlikely that a maximal use of the resource for human use is desirable. Some have 

suggested that the proportion of net primary production that can sustainably be harvested is restricted, 

putting forward a planetary boundary of land resource use (Running, 2012). The ability to define such 

a ‘boundary’ is questioned as the level of sustainable human attribution of land resources and 

productivity is dependent on the local environmental and socio-economic context (Erb, Haberl et al. 

2012). 

There are many different actors that are likely to be affected by inefficient land use and land 
degradation inside and outside the EU.  

 As most of land taken for built-up areas is agricultural land, farmers are the main group that is 

affected by land take and urban sprawl. Farmers are encouraged to sell their properties to 

land developers as raising real estate prices can be more attractive than the prospect of low 

margins in agricultural production. This however means that some of the most fertile and 

productive lands are being transformed into artificial surfaces. The loss of the most productive 

land in turn makes it even harder for farmers to make a living. The development of 

Examples of underestimation of land availability
Red outlines are CLUMondo raster cells – 85.5 km2

Examples of overestimation of land availability
Red outlines are CLUMondo raster cells – 85.5 km2

Slope constraint causes underestimation
This cell, in Thailand, is unavailable in the most liberal high 
estimate due to its slope exceeding 30%.

Rocky Debris constraint causes underestimation
This cell, in Tajikistan, is unavailable in the high estimate due to 
rocky debris and poor soils.

Urban areas result in overestimation
This cell, in USA, is available in the most constrained low 
estimate, however, urbanization reduces the proportion of 
the available area in this cell.

Pothole lakes result in overestimation
This cell, in Canada, is available, but the presence of pothole 
lakes reduce the portion of the cell where agriculture can 
exist.

1 2

3 4
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infrastructure and urban areas can seem attractive to public authorities because of their 

employment opportunities and economic growth potential. Public authorities at different levels, 

national, regional and local may have conflicting interests when it comes to land take. City 

officials, land developers, urban dwellers, industry and the service sector (e.g., tourism, 

retail and transport) are the groups that benefit the most from land take and urban sprawl, but 

it can bring about additional public costs and more congestion. 

 Farmers and to a certain degree forest owners and managers are the main human actors 

that are affected by land and soil degradation by the loss of productive capacity. However 

public authorities often have to provide subsidies to land owners to protect and maintain the 

vital ecosystem services provided by land and soils. 

 Countries exporting their biomass-based products to the EU are the most affected when 

it comes to the EU’s demand on global land. The relatively low price of biomass production 

in countries outside the EU, decreases the competiveness of EU farmers and forest owners. 

The main concern with increasing environmental and social impacts of agriculture and forestry 

in countries outside the EU is related to the local populations that have to deal with the 

negative externalities and experience that their traditional access to their natural resources 

such as land and water is becoming limited. 
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2. State 

2.1. Land cover and land use trends 

Current land use status and past land use trends are quantified based on: 

 statistics on land use and land cover from LUCAS (Gallego and Decliné, 2010) and the Farm 

Structure survey (FSS), and  

 CORINE land cover maps from 1990, 2000 and 2006 (EEA 2006).  

Thus, the timeframe for assessing spatially explicit land use changes is limited to 16 years.   

2.1.1. Land cover change  

Built-up area 

► Past trends 

In 2006, built-up area covered 3.9% of Europe’s terrestrial area (EEA, 2006). Since 2000, the area 

increased by 5%, with approx. 1 million hectares. Since 2000, in the EU, about 920 km2 of land has 

been taken every year by artificial development, mainly at the expense of agricultural land, as (semi-

)natural areas like pastures and forests increasingly benefited from protection measures. Several 

reports already extensively describe land use trends and their drivers (Prokop et al., 2011; EEA, 2006; 

JRC, 2006; EEA, 2013a). Compared to 1990-2000, artificial development has slowed down as annual 

land take in the EU decreased by 9%.  

Past land take accounts (EEA Core indicators, CSI014; EEA, 2012) indicate that 84% of new urban 

land was taken from agricultural land (both pasture, mixed farmland and arable land). Over the years 

1990-2000, many large cities (urban zones >50 000 people) have faced expansion while also a lot of 

sprawl is seen in previously less urbanised areas, most importantly in Spain, Portugal, Ireland and 

eastern parts of Germany. While cities in northern and western Europe have traditionally developed 

and planned in spacious ways, with suburbs with (semi)detached houses and gardens, Southern 

European cities had a long tradition of very compact growth, and so had compact cities found in the 

former socialist countries in central and eastern Europe. However, urban sprawl has developed 

recently at unprecedented rates in Southern European cities and in particular in coastal regions in 

Europe (EEA and JRC, 2010). 

Additional to urban expansion, between 1990 and 2006, 39,167 ha land was taken from agriculture for 

infrastructure expansion and 8,594 ha from forest to infrastructure expansion, resulting in widespread 

fragmentation (Tucker et al., 2014).  

► Future trends 

Recent scenario studies project an increase of built-up area ranging between 0.09 and 0.85% per 

year. Land demand is often a function of population and GDP, with a scenario-dependent fixed 

increase of built-up area per capita. For baseline scenarios, this ranges between a fixed increase of 

0.75 m
2
 urban area per capita (BIO, 2014) and 1.18 m

2
 per capita (Perez-Soba et al. 2010). Over the 

past decades, an increase of 1.18 m
2
 urban area per capita was observed (BIO, 2014). The low 

increase of urban area per capita in the scenario used by BIO is assumed to properly reflect the 

impact of the financial crisis on urban area expansion.  

A wide range of settings with respect to urban sprawl is assumed in the different scenarios. The 

baseline scenarios (BIO 2014, Tucker et al., 2014, Nowicki et al., 2006, Kuhlmann et al., 2006, Lavalle 

et al., 2013) assume no policies to control urban sprawl because there are currently no EU-level 

measures on this topic. Some other reference scenarios (including (Perez-Soba et al., 2010)) assume 

that restricted urban sprawl leads to relatively compact urban growth, while spatial development in 
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rural areas is allowed. This is driven by the assumption that, although there are no EU-scale policies, 

several Member States do have policies to control urban sprawl.  

All scenarios considered project some expansion of major cities, both in western Europe (e.g., 

London, Dutch Randstad, Berlin) and in eastern Europe (e.g., Budapest, Prague, major cities in 

Poland). Sprawl of built-up into rural areas is only expected in areas with a continuous increase in 

population, like north-western Europe, or in a few scenarios that deliberately allow or stimulate built-up 

sprawl in rural areas. 

Several policies not included in baseline scenarios including the JRC 2013 Reference scenario are 

assumed to limit urban expansion quantities and to limit urban sprawl patterns. Within the VOLANTE 

FP7 project, a policy scenario that includes such policies was evaluated. Also in Tucker et al. (2014), a 

scenario was evaluated that included measures aiming at reducing urban growth and urban sprawl, 

and that included offsetting the residual impacts of urban growth and urban sprawl. The VOLANTE 

Compact Cities scenario suggests that such policies are especially effective in already highly 

urbanized areas of the Southern UK and Benelux. In the EU-12, the policies were expected to 

concentrate urban expansion in the vicinity of large cities. This decreases urban sprawl in rural areas 

but is likely to cause more impacts on the surroundings of large cities (Verburg et al., 2013b) (see 

Figure 10). Similar effects are seen in the analysis by Tucker et al. (2014) which also analysed the 

impacts of offsetting policies. This analysis suggested that strict offsetting requirements significantly 

increased the area of semi-natural vegetation in the vicinity of urban areas and with that also offsetted 

significant amounts of fragmentation. 

Figure 10: Difference in urban expansion between baseline scenario and policy option aiming at reducing 
urban sprawl 

 

Source: Based on Verburg et al., 2013b. 
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Arable land 

► Past trends 

Changes in arable land extent as derived from CORINE Land Cover show that over 2000-2006, 

cropland area decreased by 0.32% annually. The inventory by Eurostat indicates an annual change 

over 2003-2012 of -0.5%. In most NUTS2 regions, cropland decrease dominated over cropland 

expansion (Figure 11).  

Today, the most productive agricultural lands are found in the north-western part of Europe. Additional 

areas with a high agricultural productivity are found in central Europe and along the Danube in 

Romania. Areas with low agricultural productivity are found in Spain, Portugal and eastern France. 

Figure 11: Cropland area coverage and changes therein on NUTS2-level 

 

Source: Kuemmerle et al., 2013b 

► Future trends 

All scenario studies project a decrease of arable land area. The smallest decrease is expected in the 

SENSOR Baseline scenario (-0.01%) (Kuhlmann et al., 2006) and the strongest decrease in the 

VOLANTE policy scenario aiming at a high level of nature protection (-2.19%) (Lotze-Campen et al., 

2013).  

Many scenarios expect a loss of arable land due to urban expansion, but almost more importantly due 

to abandonment close to natural areas or in marginal lands, e.g., mosaic landscapes. Many scenarios 

expect some expansion of cropland in Spain and France, and in parts of the EU-12.  

Drivers for changes in arable land are population, GDP, trade liberalisation, climate, yield, biofuel 

policies and CAP measures. In most scenario studies a quite high GDP estimate is used, as well as 

quite high yield increases. The high GDP estimate can result in overestimation of the demand for food, 

and thus for land. The high yield increase can have resulted in underestimation of the required 

cropland area, especially in scenarios that attribute a larger share of crop production to the EU. In less 

developed regions, agricultural technology advances are commonly expected, leading to higher 

expected yield increases. Finally, climate change effects on arable production are not considered. 
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Within the short timeframe of most studies, climate changes are assumed to have little effect on crop 

production. However, using more up-to-date weather data might improve estimates.  

Additional policies that affect agricultural land but are not included in the JRC 2013 Reference 

scenario mainly focus on increasing the multifunctionality and decreasing the impact of agricultural 

expansion on existing nature. Within the context of VOLANTE FP7, a policy option was simulated 

where “as stimulation for land stewardship in areas with a high potential to provide ecosystem services 

policy mechanisms need to be established that offer incentives for farmers or landowners tin 

exchange for managing areas with specific services, e.g. cultural heritage landscapes and landscapes 

with potentially high values for rural tourism.”  

As for spatial implications, specific agricultural areas are assumed to become protected: Areas with a 

high potential for recreation, or a high biodiversity, or a high density of green linear elements. In total 

25% of the agricultural area is assumed to receive such incentives. This policy scenario causes a 

substantial shift in spatial distribution of agriculture. Most importantly, less abandonment is expected in 

these multifunctional areas at the cost of less favoured areas. These results most importantly illustrate 

the importance of the selection of areas to be included in such schemes as trade-offs with other land 

uses can be expected. Also no clear impacts of the change of land use on, e.g., fragmentation could 

be observed (Verburg et al., 2013b). 

Pasture  

► Past trends 

Current clusters of pasture areas are found in central France, northern Romania and coastal areas of 

the UK (Kuemmerle et al., 2013b) (Figure 12). An overall decrease of pasture is observed over the 

years 2000-2006 (EEA 2006). Pastures tend to have decreased in western Europe and increased in 

eastern Europe since 1990 to 2006 (Kuemmerle et al., 2013b) (Figure 12). 

Figure 12: Pasture area coverage and changes therein on NUTS2-level 

 

Source:  Kuemmerle et al., 2013 
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► Future trends 

Unlike urban land and arable land, there is no agreement on the direction of change of pasture areas. 

Most land use change studies expect a decreasing pasture area. However, annual increases up to 

0.21% are expected as well. Increases in pasture area are expected in regionalisation scenarios that 

target at self-sufficiency of the EU and consequently more animal production within the EU. Especially 

when combined with a high economic growth, leading to more consumption and a shift to a diet with 

more animal products, this leads to increases. Decreases are seen in globalisation and market-

oriented scenarios, where production is moved outside Europe due to lower production costs. 

Additionally, scenarios with a low economic growth and a strong sustainability focus can result in 

decreases of grassland area due to the decreasing demand for animal products.  

Several existing policies not included in the JRC 2013 Reference scenario could result in a higher 

protection of permanent grassland, especially on areas with a high soil carbon content. Additionally, 

policies exist that aim at increasing multifunctionality of agricultural land use. This might also stimulate 

continuation of permanent pastures. A policy option was analysed within VOLANTE FP7 where 

introduction of policies that aimed at increasing carbon sequestration was assumed. This policy option 

resulted in 7% more permanent pasture than the baseline scenario, with increased pasture 

persistence throughout the EU (Verburg et al., 2013b).  

Forest  

► Past trends 

Sweden and Finland harbour the highest share of forest in Europe while low shares are found in the 

UK and in the northern part of central Europe, especially along the coasts (Kuemmerle et al., 2013b). 

88% of the EU-27 forest area is classified as semi-natural. Undisturbed forest areas cover 4% of the 

forest area while 9% of the EU forest area is classified as plantation (Tucker, 2014). 

Between 1990 and 2006, forest has been increasing mainly on transitional woodland scrub land cover 

(86% of all forest increase). Additionally, other natural land cover types, arable land and pasture have 

been converted to forest. In total, 2.3 Mha of land has become forest while 1.6 Mha of forest was 

converted to other land cover. Increases are seen in most EU countries between 1990 and 2000, only 

Romania, Belgium and Slovakia exhibited decreases of the forest cover. After 2000, forests continued 

to increase in most of Europe.  
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Figure 13: Forests: area coverage and changes therein on NUTS0-3-level 

 

Source: Kuemmerle et al., 2013 

► Future trends 

Recent scenario studies expect an increase of forest area in the EU. The increases are a result of the 

demand for other land use types. Forest and nature are generally simulated as a remaining category 

with no independent demand calculation. Abandoned agricultural land is assumed to undergo a 

succession into forests. The succession speed and consequently the area of resulting forests might be 

overestimated in the modelling studies. Another drawback is that the impact on the demand for forest 

products is never included as a driver for forest land use changes, as the current modelling tools, 

including the JRC LUMP, are not able to distinguish between managed and natural forests. 

Protected areas 

► Past trends 

The 39 EEA countries have on average 16% of their terrestrial area designated as a national 

protected area, representing approximately one million square kilometres and almost 90,000 sites. 

Over the recent years, this area has shown a small increase, while over the past few decades it has 

almost doubled (EEA, 2013b). The Natura 2000 network showed a steady increase over the recent 

years. The state of progress in designating sufficient protected areas for the Habitat Directive at MS 

level ranges between 17% (Poland) and 100% (Denmark, Netherlands). 

► Future trends 

All recent scenario studies, except an extreme liberalisation scenario (Liberalisation scenario, 

SCENAR2020; Nowicki et al., 2006), assume protection of Natura 2000 areas and, consequently, little 

land use dynamics in those areas. Often, conversion of forest and other nature into artificial land is 

strongly limited as well.  

Several policies not included in the JRC 2013 Reference scenario were identified that could influence 

forest and nature extent and patterns. These could result in more development of green infrastructure, 

local offsetting of land take, expansion of protected areas and a general decrease of land take. Similar 

policies were simulated in VOLANTE (a policy option aiming at increased nature protection) (Verburg 
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et al., 2013b) and Tucker et al. (2014). Verburg et al. (2013b) included national protected nature areas 

in a more strict protection regime, resulting in lower land take rates overall. Similar effects were 

observed by Tucker et al. (2014). Additionally, Tucker et al. (2014) simulated different offsetting 

regimes and showed that offsetting could limit net loss of nature close to built-up areas, resulting in net 

increases of fragmentation. 

2.1.2. Abandonment of agricultural land 

Land abandonment can emerge as (Hart et al 2012):  

(a) actual abandonment, where the farmland is not used at all;  

(b) semi-abandonment or hidden abandonment, where the land is used, but with a very low 

level of management, generally just enough to meet cross-compliance requirements to be able 

to claim direct payments from the CAP; or  

(c) transitional abandonment areas that can move in and out of agricultural use depending on 

market prices for certain commodities.  

► Past trends 

Areas with moderate constraints to production that are currently covered with extensive arable or 

mixed farming systems are most likely to risk abandonment. These constraints, including sub-optimal 

climate, soil or topography conditions, are responsible for causing marginal production levels (Hart et 

al., 2012).  

Currently, 7% (or 11-12 Mha) of the land within agricultural areas is not being used for agricultural 

production (FSS and LUCAS, cited in (Hart et al., 2012). Abandoned areas are predominantly found in 

the Mediterranean, Baltic area and Scandinavia and some in north-western and eastern Member 

States. Significant parts of the MS where abandoned land occurs are already under soil and terrain 

constraints.  

Rates of cropland abandonment between 2001 and 2012 were modest in most of western Europe. 

Clusters of high abandonment rates were observed in eastern Poland, southern Scandinavia, north-

western Germany, Austria, parts of Czech and Slovakia, and northern Scotland. 

Estimates of the extent of land abandonment however are not accurate: while agricultural statistics 

indicate strong decreases of agricultural areas, these are often not observed in data derived from 

remote sensing imagery (Verburg et al., 2009). One of the reasons for not being able to observe the 

ongoing changes in land use by remote sensing is the use of ‘abandoned’ grasslands for other 

functions such as horse-boarding. In the peri-urban areas of western Europe large areas of grasslands 

on former farmland are used for ‘horsi-culture’. Although the land cover in these areas remains the 

same, this has large implications for the functioning of the land and the rural economy as it provides 

alternative sources of income for farmers and it can affect the character of the landscape. Because in 

many countries hobby-horses are not included in agricultural statistics the extent and areas used for 

this type of land function are largely unknown. Other alternative uses of abandoned land include all 

kinds of lifestyle-farming.  

Outside the peri-urban areas, land abandonment is poorly represented in land cover data. Many 

authors have reported large declines of agricultural areas in Europe's mountain areas (MacDonald 

et al., 2000, Etienne et al., 2003 and Tasser et al., 2007). These mountain areas are facing two related 

trajectories of change: part of the meadows is more intensively used, while other parts have been 

converted to pasture or have been abandoned (van Vliet et al., in preparation). These changes in 

intensity and the actual use of the grasslands, either for pasture or for hay-making are not observable 

by remote sensing but can have large implications for other functions present like the provision of a 

habitat for a typical vegetation and botanical composition (Hochtl et al., 2005 and Tasser et al., 2007).  

Figure 11 indicates the areas of agricultural abandonment in Europe based on land cover data 

(derived from remote sensing interpretation of the CORINE database (Haines-Young and Weber, 

2006)). In a small number of countries the ‘hot-spots’ of land abandonment on the land cover map 

http://www.sciencedirect.com/science/article/pii/S0301479708002181#bib21
http://www.sciencedirect.com/science/article/pii/S0301479708002181#bib92
http://www.sciencedirect.com/science/article/pii/S0301479708002181#fig2
http://www.sciencedirect.com/science/article/pii/S0301479708002181#fig2
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correspond to areas frequently cited in literature as facing abandonment (e.g. the Italian mountain 

areas (Falcucci et al., 2007)). However, in the larger part of Europe the mountain areas that are 

mentioned in literature as ‘hot-spots’ of agricultural abandonment do not appear in this map, examples 

include the French and Spanish Pyrenees (Poyatos et al., 2003 and Mottet et al., 2006), central Massif 

area in France (Etienne et al., 2003), Austrian Alps (Tasser et al., 2007), German mountain areas 

(Reger et al., 2007) and most of the 24 mountain areas reported by MacDonald et al. (2000). 

Figure 14: Cropland abandonment area coverage changes therein on NUTS2-level 

 

Source: Kuemmerle et al., 2013 

► Future trends 

Significant levels of farmland abandonment over the next 20-30 years in the EU are likely. Recent 

scenario projections expect annual abandonment rates between 0.04% and 0.2% over the next 20-30 

years. Abandonment rates tend to be high in scenarios with a high level of global competition and low 

CAP support. However, also scenarios with high CAP support, high levels of regulation and reduced 

global competition still expect significant abandonment. CAP measures thus mitigate abandonment, 

but do not stop it. Abandonment is reduced in scenarios that assume high levels of biofuel production 

in the EU.  

Hotspots of abandonment are seen in Finland and Sweden, the Pyrenees, north-western Spain and 

Portugal, the Massif Central, Apennines, Alps, upland areas of Germany and the border area of the 

Czech Republic and the Carpathian Mountains. Most of these areas are likely to include large 

proportions of HNV farmlands. Particularly extensive grazing areas are risking abandonment.  

Abandonment of agriculture can have positive and negative outcomes, although these consequences 

differ per location and scale (Rey Benayas et al., 2007). In literature, most often the loss of 

agrobiodiversity and species richness in landscapes with long histories of management is cited (Rey 

Benayas et al., 2007). This often relates to species-rich habitats such as low intensity croplands or 

mosaic areas and meadows (see for example Laiolo et al., 2004; Dauber et al., 2006; Baur et al., 

http://www.sciencedirect.com/science/article/pii/S0301479708002181#bib21
http://www.sciencedirect.com/science/article/pii/S0301479708002181#bib54
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2006). This reduction of land mosaics and consequently of landscape heterogeneity is also associated 

with fire risk, especially in the Mediterranean region (Höchtl et al., 2005; Viedma et al., 2006). The loss 

of mosaic landscapes and traditional cultural landscapes has also an important societal consequence, 

as these areas are associated with historical, cultural heritage (‘sense of place’) and aesthetic values 

and often attract tourism (Antrop, 2005; Plieninger et al., 2006; Navarro and Pereira, 2012). 

Furthermore, land abandonment also influences biophysical properties of the landscape, for instance 

by locally enhancing soil erosion (e.g. by break down of conservation structures; Lesschen et al., 

2008) and the possible reduction of water stocks at the watershed scale, both which are very 

important in dry regions (Robinson et al., 2003; Andréassian, 2004). 

Positive outcomes associated with land abandonment are related to the effect of revegetation and 

succession. Often mentioned is the general increase in vegetation density and biomass, although the 

speed is highly variable between different environments (Rey Benayas et al., 2007). Consequently, 

the potential for carbon sequestration in biomass and soil organic carbon (SOC) increases (Silver et 

al., 2000; Schulp et al., 2008), although the SOC fraction is expected to be limited (Post and Kwon, 

2000). Other biophysical benefits from revegetation include an increased hydrological regulation and 

erosion reduction (overview in Rey Benayas et al., 2007; Munroe et al., 2013). Biodiversity is also 

related to the increase in woody vegetation, but its role is dependent on the local habitat, as 

abandonment can both increase or decrease local habitat diversity (Hall et al., 2012). In general, 

species adapted to open spaces will disappear, while species related to shrub, forest and soil fauna 

are favoured (e.g. Kardol et al., 2005; Sirami et al., 2008). In case of species-rich woody vegetation, 

this will lead to an increase in biodiversity (Rey Benayas et al., 2007). In Europe, the idea that 

unproductive and abandoned land can serve as new wilderness areas (“rewilding”) is expressed often 

and is backed by different conservationist groups (e.g the “Rewilding Europe” initiative), while being 

contested by the scientific community (e.g. Conti and Fagarazzi, 2005). The European rewilding 

approach is focused on the development of self-sustaining ecosystems close to the ’natural state‘, 

sometimes with a historical baseline, and often supported by the (re-)introduction of large herbivores 

and habitat protection for carnivores and other species (Brown et al., 2011; Navarro and Pereira, 

2012). This is in contrast to the North American approach, where the focus is on rebuilding 

Pleistocene ecosystems (Donlan et al., 2006).  While rewilded areas can provide new forms of 

recreation and tourism (e.g. hunting, birdwatching; Kaczensky et al., 2004), the concept of wilderness 

(Lupp et al., 2011) and rewilding is often sulked by the public (Wilson, 2004; Enserink and Vogel, 

2006; Bauer et al., 2009).  

Different case studies of land abandonment have shown that the process of land abandonment is not 

a linear process, but has different transitional stages instead (e.g. Meyfroidt and Lambin, 2008). Local 

and temporal differences can lead to different trajectories and long-term outcomes (Verburg et al., 

2010; Munroe et al., 2013). These different trajectories combined with the spatial heterogeneity of 

environmental conditions in many regions lead to the assumption that the different positive and 

negative outcomes related to environmental consequences of land abandonment differ per location 

and scale (Chazdon, 2008; Ramankutty and Rhemtulla, 2012). While this is discussed in several 

studies (MacDonald et al., 2000; Höchtl et al., 2005; Navarro and Pereira, 2012), this often misses a 

spatial component. Although no larger-scale overview of the possible effects of land abandonment 

with a spatial component is published to date, Figure 15 below characterises the different trade-off 

bundles of environmental impacts of land abandonment in Europe under the A1 scenario for the 

period of 2010-2040 (Van der Zanden et al., 2014). 
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Figure 15: Radar chart of abandonment area (scenario A1) 

 

Source : Van der Zanden et al. (2014) 

Consequences of land abandonment in Europe, however, are not expected to be similar all over 

Europe. Instead land abandonment will have different impacts in different regions and for different 

types of consequences. Consequently, specific combinations for effects of land abandonment can be 

categorized in larger clusters, as shown in Figure 16 below. The map in Figure 16 shows the result of 

a cluster analysis of a series of consequences of land abandonment in Europe, and Figure 17 shows 

the effects per land use change impacts for each of these clusters. Results show, for example, that 

consequences of land abandonment in the UK are largely characterized by negative consequences of 

invasive species. Similarly, cluster 6, which is expected mainly in the former socialist countries, is 

expected to have negative consequences for agricultural land use. 

Biomass carbon
sequestration

Soil carbon
sequestration

Firerisk

Outdoor recreation

MegafaunaTraditional landscapes

Agricultural land use

Agrobiodiversity

Alien agricultural
species

Before abandonment (2000)



Support for the preparation of the Impact Assessment Report on the Land Communication                                                      71 

 

Figure 16: Clusters of consequences of land abandonment in Europe 

 

All coloured pixels are locations where land abandonment is expected in Europe, and the colour refer 
to specific clusters of land consequences (See Figure 17, below). 
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Figure 17: Results of the cluster analysis of consequences of land abandonment in Europe.  

 

Note: Locations where specific clusters are expected are indicated in Figure 16. 

2.1.3. Intensification past and current trends 

► Past trends 

Intensity and intensification can be defined based on the level of inputs (e.g., soil, water, fertiliser, etc.) 

to agricultural systems in relation to their level of outputs (e.g., harvested crops).  

Spatial patterns of cropland intensity, grazing pressure and forest management are largely unknown 

or highly uncertain. Detailed data on the evolvement of land use intensity in the EU are scarce 

(Kuemmerle et al., 2013a; Temme and Verburg, 2011; Overmars, Schulp et al., 2014). Land 

management intensity can refer to the frequency of cultivation (crop-fallow cycles), the amount of 

inputs like irrigation, fertilizer or mechanisation, or the quantity of outputs produced (yield). Van Vliet et 

al. (2015) present a meta-analysis of case studies on agricultural intensification and extensification. 

Kuemmerle et al (2013b) also included an analysis of intensity changes. Compared to the information 

on land cover change however, these analyses remain rather qualitative. The lack of high-resolution 

data on intensity changes limits the possibilities to evaluate the extent and impact of agricultural 

intensification. 

Currently, EU-15 MS have a large area of agriculture under high input use (Hart et al., 2012). Fertiliser 

application rates are high in northwest France, Germany, Denmark and the Benelux and the UK, while 

lower application rates are seen in Mediterranean and eastern European countries. High yields are 

seen in the same regions as where high inputs were observed (Figure 18). Over recent decades, a 

trend towards increased farm specialisation and further intensification of inputs have been observed. 

Between 1990 and 2000, fertiliser application rates showed a further polarisation and in 2000-2006 

increasing application rates were seen in eastern Europe. The same patterns are seen for cereal 

yields, which fell in eastern Europe after the collapse of socialism but rebounded after the turn of the 

century (Kuemmerle et al., 2013b). 
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Figure 18: Cropland intensity: area coverage of high fertilizer input (≥ 150kg/ha) and changes therein on 
NUTS2-level 

 

Source: Kuemmerle et al., 2013 

► Future trends 

Little information was found on likely future trends of input intensification. Based on an inventory of 

recent scenario studies, Tucker et al. (2014) expect that the past trends of polarisation in land use 

(i.e., intensification on one hand and abandonment at other locations) are likely to continue. Further 

intensification is most likely in the EU-12 Member States. Lotze-Campen et al. (2013) expect 

decreasing amounts of mineral fertilizer application per hectare in all scenarios except A2. All 

scenarios expect slightly increasing amounts of animal manure application per hectare. 

  



Support for the preparation of the Impact Assessment Report on the Land Communication                                                      74 

 

This page is left intentionally blank. 



Support for the preparation of the Impact Assessment Report on the Land Communication                                                      75 

 

3. Impacts 

3.1. Impacts on land and land use functions 

Land use changes affect the functioning of the land, by causing fragmentation, influencing biodiversity and 

ecosystem services, and contributing to or diminishing land degradation. 

Farmland loss is prevalent in farmlands next to existing urban areas, and in areas where production is at the 

margins of viability. The latter are often mosaic areas, where a high level of farmland biodiversity is found, or a high 

variety of ecosystem services accessible to people is delivered (Hart et al., 2012). While farmland loss close to 

existing urban areas is normally taken up by urban expansion, in abandoned mosaic landscapes, abandoned 

farmland areas are likely to undergo natural succession, i.e. the development of scrub vegetation and subsequently 

forests. This process has been responsible for part of the gradual increase of forest area in Europe (Hart et al., 

2012). In terms of land use, farmland abandonment thus generally leads to decline in grassland and arable land, 

and an increase in scrubland and forest. This can improve the soil organic matter content, carbon sequestration, 

and regulating water quantity and quality. Biodiversity can show very different trends. Abandonment can help 

establishing habitat mosaics, but also result in decrease of habitat diversity, as the species benefiting are often the 

generalists. Finally, farmland loss can mean the loss of valuable cultural landscapes (Hart et al., 2012). 

3.1.1. Fragmentation  

► Past trends 

Landscape fragmentation is the result of transforming large habitat patches into smaller, more isolated habitat 

patches. This can have significant impact on various ecosystem services and on the occurrence of species (EEA 

and FOEN, 2011). Most importantly, the expansion of infrastructure and ongoing urban sprawl are causing 

fragmentation. Over the years 1990-2000, forests in Denmark, France, the Iberian Peninsula, Ireland and Lithuania 

have been fragmented by urban sprawl, expanding transport networks and agricultural expansion. This has caused 

the destruction of existing natural areas, resulting in a loss of connectivity. Currently, the Benelux countries, 

followed by France and Germany, are the most fragmented countries in Europe, due to the high population density 

and the dense transport network. 

► Future trends 

Policies to further control nature fragmentation are not commonly included in baseline scenarios. The study by 

Tucker et al. (2014) on policy options for a No Net Loss Initiative analysed the expected future changes of 

fragmentation. In the study, the baseline (BaU) scenario showed a decrease of connectivity (i.e. increase of 

fragmentation), especially in areas that are already poorly connected (see the figure below) (Tucker et al., 2014). 

This is due to the expansion of built-up areas and some expansion of arable land. The study then analysed four 

policy scenarios with different types of measures to enhance connectivity. Scenario A only includes measures that 

aim at avoiding the loss of ecosystems; these measures reduce the connectivity loss. In the scenarios B-C-D, 

increasing percentages of land take are compensated; this still leads to connectivity loss in currently poorly 

connected areas, but eliminates ecosystem losses elsewhere.    
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Figure 19: Impact of five policy scenarios on ecosystem connectivity 

 

The regions are classified into 10 quantiles ranging from well-connected areas in the year 2000 (left), to the least 

connected (most isolated) areas in the year 2000 (right). The graph shows the change in mean connectivity for 

areas in each of these quantiles. Positive values indicate improvement in connectivity, negative values indicate 

more isolation compared to the year 2000. 

Source: Tucker et al., 2014 

3.1.2. Land degradation: erosion, soil organic matter and salinisation 

► Past trends 

Land take by sprawl of residential and commercial land takes up considerable highly or moderately productive 

areas in the Netherlands, western Germany, western Austria, France, Ireland, central Europe and northern Italy 

(Gregor et al., 2014).   

Next to land take of productive agricultural areas, agricultural land is affected by erosion. It is estimated that since 

the 1990s, 16% of Europe’s total land is affected by water erosion and 6.4% by wind erosion. This is particularly 

problematic in the Mediterranean due to the high variability in rain intensity combined with fragile soils. In northern 

Europe the problem is restricted to loamy soils under arable land use. Wind erosion is a risk in northwest Europe 

and the Iberian Peninsula. Over the past decades, a conversion of permanent pasture to arable crops is observed. 

Combined with climate change (variations in rainfall patterns and intensity) this is assumed to have increased 

erosion. Due to the lack of systematic measuring approaches, assessing trends of erosion is however difficult.  

It is estimated that 45% of Europe’s soils have a low or very low organic matter content. Soil organic matter (SOM) 

is necessary for providing soil fertility and water holding capacity, and decreases the susceptibility for erosion. SOM 

is removed by erosion and landslides, and by intensification of agriculture, deforestation or conversion of grassland 

to arable land. Such decreases are seen in the UK, France, Belgium and Sweden and in modelling studies 

throughout the EU, especially in the Mediterranean. 

The estimates of extent and past changes of land degradation due to soil compaction, salinisation and 

contamination are highly uncertain. Estimates of harmful levels of soil compaction vary between 18% of European 

land area being moderately affected to 36% of the European land area being very vulnerable. Salinisation affects 

0.6% of the European land area, mainly due to inappropriate management of irrigated areas. Systematic data on 

trends of salinisation are not available. In Spain, Greece and Hungary, increases of the area affected by 

salinisation are seen. Finally, the increase of sealed areas by 6% over 1990-2000 due to urban and infrastructure 

sprawl is likely to have caused a loss of soil productive functions (EEA and JRC, 2010). 
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► Future trends 

Future changes in erosion are expected as a result of climatic changes and land use change. Rainfall erosivity is 

expected to increase; higher temperatures can either increase biomass production or lead to increased soil 

susceptibility due to increased drought. The expected land use changes in the coming decade are expected to 

generally increase the level of erosion protection and thus to lower erosion risk (EEA and JRC, 2010). Up to 2030, 

two counteracting processes affect the dynamics of soil erosion by water. A decrease in agricultural area is 

expected to reduce soil erosion while a more erratic rainfall leads to a higher erosion rate. Overall, the erosion-

mitigating effects of land abandonment are expected to compensate for the increased erosion due to the change in 

rainfall patterns (Eickhout and Prins, 2008). In the more recent No Net Loss study, a similar trend is expected in the 

baseline scenario: increased erosion protection is expected due to decreases of cropland area (Tucker et al., 

2014).  

Future changes in SOM contents are expected, due to climate change and land use changes. In the 

Mediterranean, drier conditions can lead to further degradation of SOM levels while, in northern Europe, warmer 

and more humid conditions can enhance SOM levels. The expected land use changes described before (decrease 

of arable and grassland, increase in natural areas) will have an impact on SOM as well. Over the coming decade, 

little impact of climate change is expected. Also, change of the SOM stock is a slow process. Changes are small 

relative to the total SOM stock. The No Net Loss Business as Usual scenario indicated that, over a 20-year 

timeframe, hardly any changes of SOM levels could be expected (EEA and JRC, 2010; Tucker et al., 2014). 

3.1.3. Degradation of cultural landscapes 

Cultural landscapes have been shaped by people and their activities over millennia, assigning them a distinctly 

human touch (Plieninger et al., 2006). Given the long-lasting, comprehensive and spatially expansive human land 

use history in Europe, nearly the whole land surface of the continent is considered cultural landscape: marked by 

different stages of anthropogenic influence which have been overlaid, refined or replaced each other and thus 

formed a multitude of historic layers.  

European cultural landscapes are valued as everyday living environment, countryside, heritage, scenery with 

aesthetic and recreational qualities and unique biodiversity, and as a source of eco- system services that they 

provide to society. Cultural landscapes, however, have undergone rapid and fundamental transformations across 

Europe over the past decades, mainly as a result of an on-going polarisation of land use, with abandonment and 

rural exodus on the one hand, and intensification and (peri-) urbanisation on the other. Many accustomed and 

appreciated landscape features have been lost (Zimmermann, 2006), for example the dense hedgerow networks 

that have been typical of many cultural landscapes in western Europe (Deckers et al., 2005). 

Although the specific drivers and outcomes of these processes vary across Europe, a central tendency is the 

fundamental decoupling of the socio-cultural and ecological sub-systems in cultural landscapes. This leads to the 

degradation of biodiversity and cultural heritage values and renders the future of many of these landscapes highly 

uncertain. Both ’special’ landscapes of high symbolic, historical or national value and ordinary ‘everyday’ 

landscapes are affected by these processes. 

3.1.4. Multifunctionality 

The concept of multifunctional land use recognises that it is often desirable to maximise the benefits obtained from 

a given parcel of land, and that a more equitable balance of the competing economic, environmental and social 

demands on land is more sustainable in the long term than an unbalanced system (ESPON, 2013). 

Multifunctionality can be defined at different scales. In a narrow sense multifunctionality exists at the level of an 

individual location of the landscape, e.g. an agricultural field or forest patch that provides multiple functions to 

society, e.g. food production and carbon sequestration. Multifunctionality can also be found at the level of a farm or 

a landscape as a whole in which different components of the landscape provide different functions. While there are 

advantages of combining different functions at the same location as these may provide synergistic values, it is 

likely that none of the functions is at an optimal level. In a case study in the Netherlands, Willemen et al. (2010) 

demonstrated that with an increasing number of functions provided by the landscape the provision level of the 

individual functions decreased. Optimising the provisioning of the different functions at places in the landscape that 

are most suited for these functions may be another way to achieve multifunctionality, although trade-offs between 

the different locations due to negative interactions between the functions (e.g. pollution of neighbouring 

ecosystems as result of intensive agriculture) are possible. 
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Specialisation, intensification and abandonment of agricultural land are likely to have decreased the 

multifunctionality of land in the EU. Between 2000 and 2006, many conversions of heterogeneous land cover, 

pasture and semi-natural vegetation into arable land took place (EEA and JRC, 2010). Although no proof at 

European scale is available, case studies in Germany (Lautenbach et al., 2011) and the UK (Jiang and Bullock, 

2013) observe an ongoing polarisation of ecosystem service provision, where more hotspots of specific services 

are emerging as well as more locations with a low provision. Also a model-based inventory of ecosystem service 

provision for eastern Europe by Schulp et al. (2012) showed that heterogeneous landscapes provided a higher 

level of cultural and regulating ecosystem services, while the supply of provisioning services was at a level close to 

that of homogenous agricultural landscapes (Figure 20).  

Figure 20: Normalised provision of cultural, regulating and provisioning services in different landscape types in 
eastern Europe. 

 

Source: Based on Schulp et al., 2012 

3.2. Who is affected? 

Several regions in Europe have already experienced decreasing agricultural productivity. Combined with increasing 

land scarcity, this can lead to high food prices, affecting consumers. This can slow down the increase of the 

demand for food, but can also trigger the use of degradation of vulnerable areas for food production. Landowners 

are directly affected by the increasing demand for food. Higher prices encourage them to take marginal land into 

production, and land degradation decreases the capacity of their land to produce crops. Next to these direct 

impacts on consumers and land owners, maintaining sustainable provision of multiple land functions and avoiding 

loss of these functions is of importance for regulating impacts of climate change and flood risk, providing space for 

recreation, providing space for biodiversity, and producing food and fibre. All these land functions are provided at 

specific locations, while their benefits are experienced by actors elsewhere. This implies that land functions are 

‘delivered’ from provisioning to benefiting areas through either biophysical or anthropogenic processes. This is 

conceptualized as the flow of land functions or ecosystem services, which is defined as the spatial and temporal 

connections between provisioning and benefiting areas (Serna-Chavez et al., 2014).  

The flow of land functions or ecosystem services acts at different spatial and temporal scales. Three categories are 

distinguished: in situ services, regional services and global services. Soil fertility is an example of an in situ service, 

because areas where the service is provided (the fertile soil) overlaps completely with the benefiting area (e.g., the 

arable field where crop production benefits from soil fertility). For flood protection, service delivery depends on 

proximity. Flood protection needs to be provided upstream, within the same river basin, as the area benefiting from 

the protection. For climate regulation and services that are traded, the delivery is global and omnidirectional.  

Management actions that are conducted locally do not only influence the local provision of land functions, but due 

to the spatial flow of ecosystem services, they also affect beneficiaries of ecosystem services elsewhere. For in situ 

services these effects are local, while for the global services local actions can influence beneficiaries around the 

globe. For example, removal of hedgerows influences pollination supply, erosion prevention and the capacity to 

support recreation in the surrounding landscape. This is likely to affect neighbouring farmers through decreased 

production, and can affect citizens who appreciated the landscape as recreational area. For services that flow over 

larger distances, such as flood regulation and water provision, a land use change or unsustainable management 
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can affect citizens hundreds of kilometres downstream and can cause threats with which planners and governors in 

other provinces or other countries have to cope. For services that flow from provisioning areas to beneficiaries 

through trade, e.g. food provision, a local decrease of the production capacity combined with the ongoing increase 

of demand can induce land take in countries outside of the EU.  

Additional to these spatial aspects of land function flow, time lags between unsustainable management actions and 

the actual change of provision to the beneficiaries are common (Apeldoorn, 2014). For example, while land take in 

the upstream region of a catchment will decrease the flood regulating capacity downstream, the effects of such 

actions are only experienced upon the first extreme precipitation event, which might have a recurrence frequency 

of several years or decades. Impacts of land management on soil fertility are likely to have an even longer time lag. 

Many studies show that land management actions conducted centuries ago still influence the present-day soil 

fertility (Schulp and Veldkamp, 2008; Verheyen et al.,1999). 

Disruption of the multiple functions of land through land take, land use change or unsustainable land degradation 

thus affects multiple actor groups close by as well as in other parts of the watershed or in third countries. Also, 

future generations are likely to be affected by present-day actions. As spatial displacement of the impact of 

management actions on land functions and time lags between management action and the impacts conceal the 

actual threats of such management actions, such distant (in space or time) impacts are likely to be overlooked. 

  



Support for the preparation of the Impact Assessment Report on the Land Communication                                                      80 

 

This page is left intentionally blank 



 

4. References 
Andréassian, V. (2004) Waters and forests: from historical controversy to scientific debate. J Hydrol 

291:1–27. doi: 10.1016/j.jhydrol.2003.12.015 

Antrop, M. (2005) Why landscapes of the past are important for the future. Landsc Urban Plan 70:21–

34. 

Apeldoorn, D F van (2014). Panarchy rules? Rethinking resilience of agroecosystems. PhD thesis, 

Wageningen University.  

Asselen, S. v., Verburg, P., Vermaat,J.E.,  and Janse, J.H. (2013). "Drivers of Wetland Conversion: a 

Global Meta-Analysis." PLoS ONE 8(11): e81292. 

Balmford, A., Green, R., Phalan, B. (2012) What conservationists need to know about farming. Proc 

Biol Sci 279:2714–24. doi: 10.1098/rspb.2012.0515 

Batista E Silva, P., Lavalle, C., Jacobs, C., Riberiro Barranco, R., Zulian, G., Maes, J., Baranzelli, C., 

Perpina Castillo, C., Vandecasteele, I., Ustaoglu, E., Lopes Barbosa, AL., Mubareka, S. (2013) ‘Direct 

and Indirect Land Use Impacts of the EU Cohesion Policy. Assessment with the Land Use Modelling 

Platform’.  JRC Scientific and Technical Research Report. 

http://publications.jrc.ec.europa.eu/repository/handle/111111111/30405. 

Bauer, N., Wallner, A., Hunziker, M. (2009) The change of European landscapes: human-nature 

relationships, public attitudes towards rewilding, and the implications for landscape management in 

Switzerland. J Environ Manage 90:2910–20. doi: 10.1016/j.jenvman.2008.01.021 

Baur, B., Cremene, C., Groza, G., et al. (2006) Effects of abandonment of subalpine hay meadows on 

plant and invertebrate diversity in Transylvania, Romania. Biol Conserv 132:261–273. doi: 

10.1016/j.biocon.2006.04.018 

Bindi, M., and Olesen, J.E. (2011) The responses of agriculture in Europe to climate change. Regional 

Environmental Change 11 (Suppl 1): 151-158. 

BIO by Deloitte (2014) Resource efficiency policies for land use related climate mitigation. Second 

Interim Report (updated) prepared for the European Commission, DG CLIMA.  

Bory, B. and Dallhammer, E. (2009) SWOT Analysis of (policy) instruments regarding the protection of 

soil from partners of the CENTRAL project « Urban SMS ». Vienna: Austrian Institute for Regional 

Studies and Spatial Planning. 

Bowen, ME., McAlpine, CA., House, APN., Smith, GC. (2007) Regrowth forests on abandoned 

agricultural land: A review of their habitat values for recovering forest fauna. Biol Conserv 140:273–

296. doi: 10.1016/j.biocon.2007.08.012 

Brown, C., Mcmorran, R., Price, MF. (2011) Rewilding – A New Paradigm for Nature Conservation in 

Scotland? Scottish Geogr J 127:288–314. doi: 10.1080/14702541.2012.666261 

Bruinsma, J. (2003). World agriculture: towards 2015/2030: an FAO perspective. Earthscan. 

Cai, X.M., Zhang, X.A., Wang, D.B. (2011). Land Availability for Biofuel Production. Environ. Sci. 

Technol. 45, 334–339. 

Ceauşu, S., Carver, S., Verburg, P.H., Kuechly, H.U., Hölker, F., Brotons, L., Pereira, H.M. (2015) 

European wilderness in a time of farmland abandonment: a complicated story about humans and their 

environment. Rewilding European Landscapes 2015, pp 25-46. 



 

Chazdon, RL. (2008) Beyond deforestation: restoring forests and ecosystem services on degraded 

lands. Science 320:1458–60. doi: 10.1126/science.1155365 

Conti, G., Fagarazzi, L. (2005) Forest expansion in mountain ecosystems:“‘environmentalist’s 

dream”’or societal nightmare. Planum 11:1–20. 

COWI (2009) Study concerning the report on the application and effectiveness of the EIA Directive. 

http://ec.europa.eu/environment/eia/pdf/eia_study_june_09.pdf 

Cramer, VA., Hobbs, RJ., Standish, RJ. (2008) What’s new about old fields? Land abandonment and 

ecosystem assembly. Trends Ecol Evol 23:104–12. doi: 10.1016/j.tree.2007.10.005 

Dauber, J., Bengtsson, J., Lenoir, L. (2006) Evaluating Effects of Habitat Loss and Land-Use 

Continuity on Ant Species Richness in Seminatural Grassland Remnants. Conserv Biol 20:1150–

1160. doi: 10.1111/j.1523-1739.2006.00373.x 

Deckers, B., E. Kerselaers, H. Gulinck, B. Muys, and M. Hermy. (2005) Long-term spatio-temporal 

dynamics of a hedgerow network landscape in Flanders, Belgium. Environmental Conservation 32:20-

29. 

Dietrich, JP., Schmitz, C., Lotze-Campen, H., Popp, A., Müller, C. (2014) Forecasting technological 

change in agriculture—An endogenous implementation in a global land use model. Technological 

Forecasting and Global Change 81: 263-249.  

EEA, (2006). CORINE Land Cover 2006. 

EEA (2012) Streamlining European biodiversity indicators 2020: Building a future on lessons learnt 

from the SEBI 2010 process. EEA Report 11 / 2012.  

EEA and FOEN (2011) Landscape fragmentation in Europe. EEA report 2/2011. EEA, Copenhagen 

EEA (2013). Environmental pressures from European consumption and production: A study in 

integrated environmental and economic analysis. 2/2013. Copenhagen: European Environment 

Agency.   

EEA & JRC (2010) THE EUROPEAN ENVIRONMENT STATE AND OUTLOOK 2010 - SOIL. 

Eickhout, B. and Prins, AG. (ed) (2008) EURURALIS 2.0. Technical background and indicator 

documentation. Wageningen UR and Netherlands Environmental Assessment Agency (MNP) 

Bilthoven, the Netherlands.  

Enserink, M., Vogel, G. (2006) Wildlife conservation. The carnivore comeback. Science 314:746–9. 

doi: 10.1126/science.314.5800.746 

Erb, K. H., Haberl, H., Defires, R., Ellis, E., Krausmann, F., Verburg, P. (2012). "Pushing the Planetary 

Boundaries." Science 338(6113): 1419-1420. 

Erb, K. H. (2004) Actual land demand of Austria 1926–2000: a variation on ecological footprint 

assessments. Land Use Policy 21(3): 247-259 

Erb, K. H., Haberl, H., Rudbeck Jepsen, M., Kuemmerle, T., Lindner, M., Mueller, D., Verburg, P.H. 

and Reenberg, A. (2013) A conceptual framework for analysing and measuring land-use intensity. 

Current Opinion in Environmental Sustainability 5: 484-493.  

Etienne, M., Le Page, C., and Cohen, M. (2003). A Step-by-step Approach to Building Land 

Management Scenarios Based on Multiple Viewpoints on Multi-agent System Simulations   Journal of 

Artificial Societies and Social Simulation vol. 6, no. 2 

European Commission (2014) EUROSTAT database. Available at www.ec.europa.eu/eurostat 



 

European Commission (2012) Report from the Commission to the European Parliament, the Council, 

the European Economic and Social Committee and the Committee of the Regions. The 

implementation of the Soil Thematic Strategy and ongoing activities /* COM/2012/046 final */. 

http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:52012DC0046:EN:NOT 

European Commission (2012b) The implementation of the Soil Thematic Strategy and ongoing 

activities. COM(2012)46. 

European Commission (2011) Commission staff working paper impact assessment Accompanying the 

document Proposal for a directive of the European Parliament and of the Council amending Directive 

2011/92/EU on the assessment of the effects of certain public and private projects on the 

environment. http://ec.europa.eu/environment/eia/pdf/IA%20SWD-2012-355.pdf 

European Commission DG Energy (2010) EU Energy trends to 2030 – Update 2009.  

European Commission (2009) Report from the Commission to the Council, the European Parliament, 

the European Economic and Social Committee and the Committee of the Regions on the application 

and effectiveness of the Directive on Strategic Environmental Assessment (Directive 2001/42/EC) /* 

COM/2009/0469 final */ 

European Parliament (2013) Initial appraisal of a European Commission Impact Assessment for the 

European Commission proposal establishing a framework for maritime spatial planning and integrated 

coastal management (Impact Assessment (SWD (2013) 65, SWD (2013) 64 (summary)) of a 

Commission proposal for a Directive of the European Parliament and of the Council establishing a 

framework for maritime spatial planning and integrated coastal management (COM (2013) 133)) 

Falcucci, A., Maiorano, L. (2007) Changes in land-use/land-cover patterns in Italy and their 

implications for biodiversity conservation. Landscape Ecol (2007) 22:617–631 

Fischer, G., Velthuizen, H., Nachtergaele, F. (2000) Interim Report: Global Agro-Ecological Zones 

Assessment: Methodology and Results. International Institute for Applied Systems Analysis and Food 

and Agriculture Organisation of the United Nations. 

Fischer, J., Brosi, B., Daily, G.C., et al. (2008) Should agricultural policies encourage land sparing or 

wildlife-friendly farming? Front Ecol Environ 6:380–385. doi: 10.1890/070019 

Foley, J.A., DeFries, R., Asner, G.P., et al. (2005) Global Consequences of Land Use. Science (80- ) 

309:570–574. 

Blanco Fonseca, M., Burrell, A., Gay, H., Henseler, M., Kavallari, A., M'Barek, R., et al. (2010). 

Impacts of the EU biofuel target on agricultural markets and land use: a comparative modelling 

assessment. JRC European Commission EUR 24449 EN - 2010. 

Food and Agriculture Organisation (FAO) (2006) The role of agriculture and rural development in 

revitalizing abandoned/depopulated areas. In: Barjolle D, Bravo H (eds) 34th Sess. Eur. Comm. Agric. 

(Riga 7 June 2006 ). Food and Agriculture Organisation of the United Nations, pp 1–24 

Food and Agriculture Organisation (FAO) (2012) State of the World’s Forests 2012. Rome: Food and 

Agricultural Organisation of the United Nations 

Franck, S., von Bloh, W., Müller, C., Bondeau, A., Sakschewski, B. (2011) "Harvesting the sun: New 

estimations of the maximum population of planet Earth." Ecological Modelling 222(12): 2019-2026. 

Fritz, S., See, L., van der Velde, M., Nalepa, R.A., Perger, C., Schill, C., McCallum, I., 

Schepaschenko, D., Kraxner, F., Cai, X., Zhang, X., Ortner, S., Hazarika, R., Cipriani, A., Di Bella, C., 

Rabia, A.H., Garcia, A., Vakolyuk, M., Singha, K., Beget, M.E., Erasmi, S., Albrecht, F., Shaw, B., 

Obersteiner, M. (2013). Downgrading Recent Estimates of Land Available for Biofuel Production. 

Environ. Sci. Technol. 47, 1688–1694. 



 

Gallego, J., Delincé, J. (2010). The European Land Use and Cover Area‐Frame Statistical Survey. 

Agricultural survey methods 149–168. 

GBEP (2011). Report The Global Bioenergy Partnership Sustainability Indicators for Bioenergy. First 

edition. Available at: 

http://www.globalbioenergy.org/fileadmin/user_upload/gbep/docs/Indicators/The_GBEP_Sustainability

_Indicators_for_Bioenergy_FINAL.pdf 

Geist, H.J., Lambin, E.F. (2001). What drives tropical deforestation? A meta-analysis of proximate and 

underlying causes of deforestation based on subnational case study evidence. LUCC International 

Project Office, Louvain. 

Geist, H.J., Lambin, E.F. (2002). Proximate causes and underlying driving forces of tropical 

deforestation. BioScience 52, 143–150. 

Geist, H.J., Mc Connell, W., et Lambin, E.F. (2006) Causes and trajectories of land-use/cover change. 

Berlin, Heidelberg, Springer. 

Godfray, HCJ., Beddington, JR., Crute IR., et al. (2010) Food security: the challenge of feeding 9 

billion people. Science 327:812–8. doi: 10.1126/science.1185383 

Grau, R., Kuemmerle, T., Macchi, L. (2013) Beyond “land sparing versus land sharing”: environmental 

heterogeneity, globalisation and the balance between agricultural production and nature conservation. 

Curr Opin Environ Sustain. doi: 10.1016/j.cosust.2013.06.001 

Green, RE., Cornell, SJ., Scharlemann, JPW., Balmford, A. (2005) Farming and the fate of wild 

nature. Science 307:550–5. doi: 10.1126/science.1106049 

Gregor, M., Franzelin, D., Stoeger, F., Schröder, C., Mancosu, E. (2014) Land-related resource 

efficiency - Assessment of land as a resource. EEA, Copenhagen.  

Hall, JM., Holt, T., Daniels, AE., et al. (2012) Trade-offs between tree cover, carbon storage and 

floristic biodiversity in reforesting landscapes. Landsc Ecol 27:1135–1147. doi: 10.1007/s10980-012-

9755-y 

Hart, K., Allen, B., Lindner, M., Keenleyside, C., Burgess, P., Eggers, J., Buckwell, A. (2012) Land as 

an Environmental Resource. Report prepared for DG Environment, Contract No 

ENV.B.1/ETU/2011/0029, Institute for European Environmental Policy, London.  

Hartvigsen, M. (2014) Land reform and land fragmentation in Central and Eastern Europe. Land use 

policy 36:330–341. 

Havlik, P., Schneider, U.A., Schmid, E., Bottcher, H., Fritz, S., Skalsky, R., Aoki, K., De Cara, S., 

Kindermann, G., Kraxner, F., Leduc, S., McCallum, I., Mosnier, A., Sauer, T., Obersteiner, M. (2011) 

Global land-use implications of first and second generation biofuel targets. Energy Policy 39, 5690–

5702. 

Haines-Young, R. and Weber, J-L. (2006) European Environment Agency., Copenhagen, ISBN 92-

9167-888-0. Land Accounts for Europe 1990-2000: Towards integrated land and ecosystem 

accounting. 

Hélaine, S., M'Barek, R., & Gay, H. (2013) Modelling assessment with AGLINK-COSIMO (2012 

version) - Report EUR 26107 EN. 

Herzog, F., Schüepp, C. (2013) Are land sparing and land sharing real alternatives for European 

agricultural landscapes? Asp Appl Biol 121:109–116. 

Höchtl, F., Lehringer, S., Konold, W. (2005) “Wilderness”: what it means when it becomes a reality—a 

case study from the southwestern Alps. Landsc Urban Plan 70:85–95. doi: 

10.1016/j.landurbplan.2003.10.006 



 

Hoogwijk, M., Faaij, A., van den Broek, R., Berndes, G., Gielen, D., Turkenburg, W. (2003) Exploration 

of the ranges of the global potential of biomass for energy. Biomass and Bioenergy 25, 119–133. 

doi:10.1016/S0961-9534(02)00191-5 

Hunter, I. R. (2009) The Development of International Agreements Covering the World’s Forests. Area 

Studies (Regional Sustainable Development Review): Europe. In A. Mather, & J. Bryden, Area Studies 

- Regional Sustainable Development:Europe - Volume 1 . Encyclopedia of Life Support Systems 

(EOLSS). 

Jiang, M., Bullock, J.M. (2013). Mapping ecosystem service and biodiversity changes over 70 years in 

a rural English county. Journal of Applied Ecology, in press. 

Donlan, JC., Berger, J., Bock, CE., et al. (2006) Pleistocene rewilding: an optimistic agenda for 

twenty-first century conservation. Am Nat 168:660–81. doi: 10.1086/508027 

Kaczensky, P., Blazic, M., Gossow H (2004) Public attitudes towards brown bears (Ursus arctos) in 

Slovenia. Biol Conserv 118:661–674. doi: 10.1016/j.biocon.2003.10.015 

Kardol, P., Bezemer, TM., van der Wal, A., van der Putten, WH. (2005) Successional trajectories of 

soil nematode and plant communities in a chronosequence of ex-arable lands. Biol Conserv 126:317–

327. doi: 10.1016/j.biocon.2005.06.005 

Keenleyside, C., and Tucker, G.M. (2010) Farmland abandonment in the EU: an assessment of trends 

and prospects. Report prepared for WWF. Institute for European Environmental Policy, London. 

Keenleyside, C., Allen, B., Hart, K., Menadue, H., Stefanova, V., Prazan, J., Herzon. I., Clement, T., 

Povellato, A., Maciejczak, M. and Boatman, N. (2011) Delivering environmental benefits through entry 

level agri-environment schemes in the EU. Report Prepared for DG Environment, Project 

ENV.B.1/ETU/2010/0035. Institute for European Environmental Policy: London. 

Krasuska, E., Cadórniga, C., Tenorio, J.L., Testa, G., Scordia, D. (2010) Potential land availability for 

energy crops production in Europe. Biofuels, Bioprod. Biorefining 4, 658–673. doi:10.1002/bbb.259 

Kuemmerle, T., Erb, K.H., Meyfroidt, P., Mueller, D., Verburg, P.H., Estel, S., Haberl, H., Hostert, P., 

Jepsen, M.R., Kastner, T., Levers, C., Lindner, M., Plutzar, C., Verkerk, P.J., van der Zanden, E.H., 

and Reenberg, A. (2013a) Challenges and opportunities in mapping land use intensity globally. 

Current Opinion in Environmental Sustainability 5: 484-493.  

Kuemmerle, T., Levers, C., Müller, D., Erb, K.H., Plutzar, C., Verburg, P.H., and Verkerk, P.J. (2013b) 

Report on drivers of recent land use transitions in Europe. VOLANTE Deliverable 3.3.  

Kuemmerle, T., Hostert, P., Radeloff, V. et al. (2008) Cross-border Comparison of Post-socialist 

Farmland Abandonment in the Carpathians. Ecosystems 11:614–628. 

Kuhlmann, T, P Le Mouël, C Wilson (2006) Baseline scenario storylines. In: Helming, K, H Wiggering 

(eds): SENSOR Report series 2006/2, www.sensor-ip.eu, ZALF, Germany.  

Laiolo, P., Dondero, .F, Ciliento, E., Rolando, A. (2004) Consequences of pastoral abandonment for 

the structure and diversity of the alpine avifauna. J Appl Ecol 41:294–304. doi: 10.1111/j.0021-

8901.2004.00893.x 

Lambin, E. F., Gibbs , H.K., Ferreira, L., Grau, R., Mayaux, P., Meyfroidt, P., Morton, D.C., Rudel, 

T.K., Gasparri, I., Munger, J. (2013) "Estimating the world's potentially available cropland using a 

bottom-up approach." Global Environmental Change 23(5): 892-901. 

Lambin, E. F., Turner, B.L., Geist, H.J., Agbola, S.B., Angelsen, A., Bruce, W.J., Coomes, O.T., Dirzo, 

R., Fischer, G., Folke, C., George, P.S., Homewood, K.,  Imbernon, J., Leemans, R., Lin, X., Moran, 

E.F., Mortimore, M., Ramakrishnan, P.S., Richards, J.F., Skanes, H., Steffen, W., Stone, G.D., 



 

Svedin, U., Veldkamp, T.A., Vogel, C., Xuy, J. (2001) "The Causes of Land-Use and Land-Cover 

Change: Moving Beyond the Myths." Global Environmental Change 4: 261-269. 

Lambin, E.F., Meyfroidt, P., (2011) Global land use change, economic globalisation, and the looming 

land scarcity. Proc. Natl. Acad. Sci. U. S. A. 108, 3465–3472. 

Lautenbach, S., Kugel, C., Lausch, A., Seppelt, R. (2011) Analysis of historic changes in regional 

ecosystem service provisioning using land use data. Ecological Indicators 11, 676–687. 

Lavalle, C., Mubareka, S., Perpiña Castillo, C., Jacobs-Crisioni, C., Baranzelli, C., Batista e Silva, F., 

Vandecasteele, I. (2013) CONFIGURATION OF A REFERENCE SCENARIO FOR THE LAND USE 

MODELLING PLATFORM. JRC Technical Report. EU 26050 EN.  

Lesschen, JP., Cammeraat, LH., Nieman, T. (2008) Erosion and terrace failure due to agricultural land 

abandonment in a semi-arid environment. Earth Surf Process Landforms 33:1574–1584. doi: 

10.1002/esp.1676 

Lotze-Campen, H., Popp, A., Verburg, P.H., Lindner, M., Verkerk, H., Kakkonen, H., Schrammeijer, E., 

Schulp, N., van der Zanden, E., Helming, J., van Meijl, H., Tabeau, A., Kuemmerle, T., Lavalle, C., 

Batista e Silva, F. and Eitelberg, D. (2013) Description of the translation of sector specific land cover 

and land management information. VOLANTE Deliverable 7.3.  

Lupp, G., Höchtl, F., Wende, W. (2011) “Wilderness” – A designation for Central European 

landscapes? Land use policy 28:594–603. doi: 10.1016/j.landusepol.2010.11.008 

MacDonald, D., Crabtree, J., Wiesinger, G., et al. (2000) Agricultural abandonment in mountain areas 

of Europe: Environmental consequences and policy response. J Environ Manage 59:47–69. doi: 

10.1006/jema.1999.0335 

Mazza, L., Bennett, G., De Nocker, L., Gantioler, S., Losarcos, L., Margerison, C., Kaphengst, T., 

McConville, A., Rayment, M., ten Brink, P., Tucker, G., van Diggelen, R. (2011) Green Infrastructure 

Implementation and Efficiency. Final report for the European Commission, DG Environment on 

Contract ENV.B.2/SER/2010/0059. Institute for European Environmental Policy, Brussels and London. 

Meyfroidt, P., Lambin E.F. (2008) The causes of the reforestation in Vietnam. Land use policy 25:182–

197. doi: 10.1016/j.landusepol.2007.06.001 

Moravec, J., Zemeckis, R. (2007) Cross compliance and land abandonment. A research paper of the 

Cross-Compliance Network. Deliv. D17 Cross-Compliance Netw.  

Morgan, R.K. (2012) Environmental impact assessment: the state of the art, Impact Assessment and 

Project Appraisal 

Mottet, A., Ladet, S., Coqué, N., Gibon, A. (2006) Agricultural land-use change and its drivers in 

mountain landscapes: A case study in the Pyrenees. Agriculture, Ecosystems & Environment 

Munroe, D. K., van Berkel, D.B., Verburg, P.H., Olson, J.L. (2013) "Alternative trajectories of land 

abandonment: causes, consequences and research challenges." Current Opinion in Environmental 

Sustainability (http://dx.doi.org/10.1016/j.cosust.2013.06.010). 

Navarro, L.M., Pereira, H.M. (2012) Rewilding Abandoned Landscapes in Europe. Ecosystems 

15:900–912. doi: 10.1007/s10021-012-9558-7 

Nijsen, M., Smeets, E., Stehfest, E., van Vuuren, D.P. (2012) An evaluation of the global potential of 

bioenergy production on degraded lands. Glob. Chang. Biol. Bioenergy 4, 130–147. 

Nowicki P., C Weeger, H van Meijl, M Banse, J Helming, I Terluin, D Verhoog, K Overmars, H 

Westhoek, Andrea Knierim, M Reutter, B Matzdorf, O Margraf, R Mnatsakanian, M Belling, T Leibert, 

S Lentz, PH Verburg (2006) Scenar2020. Scenario study on agriculture and the rural world. European 

Commission, DG Agri, Contract No. 30-CE-0040087/00-08.  



 

OECD (2013) OECD-FAO Agricultural Outlook. Available from http://www.oecd.org/site/oecd-

faoagriculturaloutlook/ 

Overmars, K. P., Schulp, C.J.E, Alkemade, R., Verburg, P.H., Temme, A.J.A.M., Omtzigt, N., 

Schaminée, J.H.J.  (2014). Developing a methodology for a species-based and spatially explicit 

indicator for biodiversity on agricultural land in the EU. Ecological Indicators 37, Part A(0): 186-198. 

Pérez-Soba, M., Verburg, P.H., Koomen, E., Hilferink, M.H.A., Benito, P., Lesschen, J.P., Banse, M., 

Woltjer, G., Eickhout, B., Prins, A-G. and Staritsky, I. (2010) LAND USE MODELLING - 

IMPLEMENTATION. Preserving and enhancing the environmental benefits of “land-use services”. 

Final report to the European Commission, DG Environment. Alterra Wageningen UR, Geodan, Object 

Vision, BIO, LEI and PBL.  

Pinto Correia, T. (1993) Land abandonment: Changes in the land use patterns around the 

Mediterranean basin. Cah. Options Méditerranéennes  

Plevin, R.J., O’Hare, M., Jones, A. (2010) Greenhouse Gas Emissions from Biofuels’ Indirect Land 

Use Change Are Uncertain but May Be Much Greater than Previously Estimated. Environmental 

Science & Technology, 2010, 44, 8015–8021 

Plieninger, T., Höchtl, F., Spek, T. (2006) Traditional land-use and nature conservation in European 

rural landscapes. Environ Sci Policy 9:317–321. doi: 10.1016/j.envsci.2006.03.001 

Pointereau, P., Coulon, F., Girard, P., et al. (2008) Analysis of farmland abandonment and the extent 

and location of agricultural areas that are actually abandoned or are in risk to be abandoned.  

Post, W.M. and Kwon, K.C. (2000) Soil carbon sequestration and land-use change: processes and 

potential. Glob Chang Biol 6:317–327. doi: 10.1046/j.1365-2486.2000.00308.x 

Poyatos, R., Latron J., and Llorens, P. (2003) Land Use and Land Cover Change After Agricultural 

Abandonment."Mountain Research and Development 23(4). 

Prokop, G., Jobstmann, H. and Schönbauer, A. (2011) Overview of best practices for limiting soil 

sealing or mitigating its effects in EU-27. Environment Agency Austria. Technical Report - 2011 – 050 

for the European Commission. http://ec.europa.eu/environment/soil/sealing.htm 

Ramankutty, N., Rhemtulla, J. (2012) Can intensive farming save nature? Front Ecol Environ 10:455 – 

455. 

Reger, B., Otte, A., Waldhardt, R. (2007) Identifying patterns of land-cover change and their physical 

attributes in a marginal European landscape. Landscape and Urban Planning 81, 104–113. 

Renwick, A., Jansson, T., Verburg, P.H., et al. (2013) Policy reform and agricultural land abandonment 

in the EU. Land use policy 30:446–457. doi: 10.1016/j.landusepol.2012.04.005 

Rey Benayas, J.M., Martins, A., Nicolau, J.M., Schulz, J.J. (2007) Abandonment of agricultural land: 

an overview of drivers and consequences. CAB Rev Perspect Agric Vet Sci Nutr Nat Resour 2:1–14. 

Robinson, M., Cognard-Plancq, A-L, Cosandey, C., et al. (2003) Studies of the impact of forests on 

peak flows and baseflows: a European perspective. For Ecol Manage 186:85–97. doi: 10.1016/S0378-

1127(03)00238-X 

Rossing, W.A.H., P. Zander, E. Josien, J.C.J. Groot, B.C., Meyer, Kierim, A. (2007) Integrative 

modelling approaches for the analysis of impact of multifunctional agriculture: A review for France, 

Germany and The Netherlands. Agriculture, Ecosystems and the Environment 120: 41-57. 

Running, S. W. (2012) "A Measurable Planetary Boundary for the Biosphere." Science 337(6101): 

1458-1459. 



 

Schröter, D., Cramer, W., Leemans, R., Prentice, I C, Araujo, MB, Arnell, NW, et al. (2005) Ecosystem 

service supply and vulnerability to global change in Europe. Science 310 (5752): 1333-1337. 

Schulp, C.J.E., Nabuurs, G-J., Verburg, P.H. (2008) Future carbon sequestration in Europe—Effects 

of land use change. Agric Ecosyst Environ 127:251–264. doi: 10.1016/j.agee.2008.04.010 

Schulp, C.J.E. and Veldkamp, A. (2008) Long-term landscape – land use interactions as explaining 

factor for soil organic matter variability in agricultural landscapes. Geoderma 146: 457-465. 

Serna-Chavez, H.M., Schulp, C.J.E., van Bodegom, P.M., Bouten, W., Verburg, P.H., Davidson, M.D. 

(2014). A quantitative framework for assessing spatial flows of ecosystem services. Ecological 

Indicators 39, 24–33. 

Seto, K. C., Fragkias, M., Güneralp, B., Reilly MK. (2011) A Meta-Analysis of Global Urban Land 

Expansion. PLoS ONE 6(8): e23777. 

Sikor, T., Müller, D., Stahl, J. (2009) Land Fragmentation and Cropland Abandonment in Albania: 

Implications for the Roles of State and Community in Post-Socialist Land Consolidation. World 

Development 37(8): 1411-1423. 

Silver, W.L., Ostertag, R., Lugo, A.E. (2000) The Potential for Carbon Sequestration Through 

Reforestation of Abandoned Tropical Agricultural and Pasture Lands. Restor Ecol 8:394–407. doi: 

10.1046/j.1526-100x.2000.80054.x 

Sirami, C., Brotons, L., Burfield, I., et al. (2008) Is land abandonment having an impact on 

biodiversity? A meta-analytical approach to bird distribution changes in the north-western 

Mediterranean. Biol Conserv 141:450–459. doi: 10.1016/j.biocon.2007.10.015 

Tasser, E., Walde, J., Tappeiner, U. et al. (2007) Land-use changes and natural reforestation in the 

Eastern Central ALps. Agriculture, Ecosystems and Environment, 118, 155-129. 

Temme, A. J. A. M. and Verburg, P. H. (2011). Mapping and modelling of changes in agricultural 

intensity in Europe. Agriculture, Ecosystems & Environment 140(1-2): 46-56. 

Telfer, T.C., Atkin, H. and Corner, R.A. (2009) Review of environmental impact assessment and 

monitoring in aquaculture in Europe and North America. In FAO. Environmental impact assessment 

and monitoring in aquaculture. FAO Fisheries and Aquaculture Technical Paper, Rome, FAO 

ten Brink, B., van der Esch, S., Kram, T., van Oorschot, M. (ed), (2010) Rethinking Global biodiversity 

Strategies. Exploring structural changes in production and consumption to reduce biodiversity loss. 

Netherlands Environmental Assessment Agency, Bilthoven, Netherlands.  

Terres, J.M., Nisini, L., Anguiano, E. (2013) Assessing the risk of farmland abandonment in the EU. 1–

132. 

Tilman, D., Hill, J., Lehman, C. (2006) Carbon-negative biofuels from low-input high-diversity 

grassland biomass. Science 314, 1598–600. doi:10.1126/science.1133306 

Tuck, G., Glendining, M.J., Smith, P., House, J.I., and Wattenmach, M. (2006) The potential 

distribution of bioenergy crops in Europe under present and future climate. Biomass and Bioenergy 30 

(3): 183-197. 

Tucker, G., Allen, B., Conway, M., Dickie, I., Hart, K., Rayment, M., Schulp, C., van Teeffelen, A. 

(2014) Policy Options for an EU No Net Loss Initiative. Report to the European Commission. Institute 

for European Environmental Policy, London. 

Turner II, B.L., Villar, S.C., Fostser, D., Geoghegan, J., Keys, E., Klepeis, P., Lawrence, D., Mendoza, 

P.M., Manson, S., Ogneva-Himmelberger, Y., Plotkin, A.B., Salicrup, C.P., Chowdhury, R.R., Savitsky, 

B., Schneider, L., Schmook, B., Vance, C. (2001). Deforestation in the southern Yucatan peninsula. 

Forest Ecology and Management 154, 353–370. 



 

UNEP (2003) Land degradation. Consulted the 09/ 2014, available on UNEP.org: 

http://www.unep.org/dgef/LandDegradation/tabid/1702/Default.aspx 

UNEP (2014) Assessing Global Land Use: Balancing Consumption with Sustainable Supply. A Report 

of the Working Group on Land and Soils of the International Resource Panel. Bringezu S., Schütz H., 

Pengue W., O'́Brien M., Garcia F., Sims R., Howarth R., Kauppi L., Swilling M., and Herrick J. 

van Delden, H., van Vliet, J., Petersen, J-E., Hoogeveen, Y., Elbersen, B., Helming, J., Helming, K., 

Kuhlman,  T., Nowicki, P., Pallière, C., Pérez Domínguez, I., Pérez-Soba, M., Verburg, P.H., and 

Woltjer, G. (2012) Exploring land use trends in Europe: a comparison of forecasting approaches and 

results. 2012 Congress on Environmental Modelling and Software: Manageing resources of a limited 

planet.  

Van der Zanden, E. H., Verburg, P. H., Levers, C., & Kuemmerle, T. (2014) Land abandonment in 

Europe: assessing the effect on agricultural landscapes in Europe. In G. L. Project (Ed.), Proceedings 

of the Global Land Project 2nd Open Science Meeting, Berlin, March 19-21, 2014. 

Amsterdam/Berlin/Sao Paulo 

van Zanten, B.T., Verburg, P.H., Espinosa, M., Gomez-y-Paloma, S., Galimberti, G., Kantelhardt, J., 

Kapfer, M., Lefebvre, M., Manrique, R., Piorr, A., Raggi, M., Schaller, L., Targetti, S., Zasada, I., 

Viaggi, D. (2013) European agricultural landscapes, common agricultural policy and ecosystem 

services: a review. Agronomy for Sustainable development, DOI 10.1007/s13593-013-0183-4 

Vliet, J., de Groot, HLF., Rietveld, P., Verburg, P. (2015) Manifestations and underlying drivers of 

agricultural land use change in Europe. Landscape and Urban Planning Volume 133, January 2015, 

Pages 24–36 

Verburg, P.H., van Berkel, D., van Doorn, A., et al. (2010) Trajectories of land use change in Europe: 

a model-based exploration of rural futures. Landsc Ecol 25:217–232. 

Verburg, P.H., Overmars, K. (2009) Combining top-down and bottom-up dynamics in land use 

modeling: exploring the future of abandoned farmlands in Europe with the Dyna-CLUE model. Landsc 

Ecol 24:1167–1181. 

Verburg, P.H., Erb, K-H., Mertz, O., Espindola, G. (2013) Land System Science: between global 

challenges and local realities. Corrent Opinion in Environmental Sustainability 5: 433-437.  

Verburg, P.H., Lotze-Campen, H., Popp, A., Lindner, M., Verkerk, H., Kakkonen, E., Schrammeijer, E., 

Helming, J., Tabeau, A., Schulp, N., van der Zanden, E., Lavalle, C., Batista e Silva, F., and Eitelberg, 

D. (2013b) Report documenting the assessment results for the scenarios stored in the database. 

VOLANTE Deliverable 11.1.  

Verheyen, K., Bossuyt, B., Hermy, M., Tack, G. (1999) The land use history (1278-1990) of a mixed 

hardwood forest in western Belgium and its relationship with chemical soil characteristics. Journal of 

Biogeography 26: 1115-1128. 

Viedma, O., Moreno, J.M., Rieiro, I. (2006) Interactions between land use/land cover change, forest 

fires and landscape structure in Sierra de Gredos (Central Spain). Environ Conserv 33:212. doi: 

10.1017/S0376892906003122 

Wentworth, J. (2012) Balancing Nature and Agriculture. 1–4. 

Westhoek, H., Lesschen, J.P., Rood, T., Wagner, S., De Marco, A., Murphy-Bokern, D., Leip, A., van 

Grinsven, H., Sutton, M.A., Oenema, O. (2014) Food choices, health and environment: Effects of 

cutting Europe's meat and dairy intake. Global Environmental Change (2014). 

Wetlands international (2014) What are wetlands? Consulted the 09 2014, on Wetlands International: 

www.wetlands.org/Whatarewetlands/tabid/202/Default.aspx 



 

Wilson, C.J. (2004) Could we live with reintroduced large carnivores in the UK? Mamm Rev 34:211–

232. doi: 10.1111/j.1365-2907.2004.00038.x 

Zhang, X., Cai, X. (2011) Climate change impacts on global agricultural land availability. Environ. Res. 

Lett. 6, 014014. doi:10.1088/1748-9326/6/1/014014 

Zimmermann, R. C. (2006) Recording rural landscapes and their cultural associations: some initial 

results and impressions. Environmental Science & Policy 9:360-369. 

Zomer, R.J., Trabucco, A., Bossio, D.A., van Straaten, O., Verchot, L.V., (2008) Climate Change 

Mitigation: A Spatial Analysis of Global Land Suitability for Clean Development Mechanism 

Afforestation and Reforestation. Agric. Ecosystems and Envir. 126: 67-80. 

Zomer, R.J., Bossio, D.A., Trabucco, A., Yuanjie, L., Gupta, D.C. & Singh, V.P. (2007) Trees and 

Water: Smallholder Agroforestry on Irrigated Lands in Northern India. Colombo, Sri Lanka: 

International Water Management Institute. pp 45. (IWMI Research Report 122). 

 


