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EXECUTIVE SUMMARY 

In the European Union (EU) about 1,000 km² were annually subject to land take for housing, 
industry, roads or recreational purposes between 1990 and 2006. This is exceeding the size 
of Berlin. About half of this surface is actually sealed by buildings, roads and parking lots. 
Soil sealing means covering of the soil by a completely or partly impermeable artificial 
material (asphalt, concrete, etc), causing an irreversible loss of soil and its biological 
functions and loss of biodiversity, either directly or indirectly, due to fragmentation of the 
landscape. 

Methodology 
Remote sensing data 
To assess land take and soil sealing within the EU, CORINE Land Cover data were used.  

Data sets on land take are available for the years 1990, 2000 and 2006 (but not for all 
Member States, for which best proxies have been used). Concerning soil sealing, data 
covering the entire EU27 is available for the year 2006. 

Due to the resolution of CORINE Land Cover, the figures for land take and sealing presented 
in this report in all likelihood underestimate the real extent of these phenomena; sometime 
they differ significantly from national inventories. 

Consultation of experts 
In order to describe relevant policy measures of the Member States, more than 40 expert 
interviews were conducted and more than 60 written answers were received by e-mail. In 
addition to this work an intensive literature survey was carried out. 

Land take, artificial surfaces and soil sealing in EU27  
Pressures and driving forces of soil sealing 
Most social and economic activities depend on the construction, maintenance and existence 
of sealed areas and developed land. New housing, business locations and road 
infrastructure are mostly realised on undeveloped land outside or at the border of existing 
settlements, usually resulting in new soil sealing.  

Land take 
Land take is the increase of artificial surfaces (housing areas; green urban areas; industrial, 
commercial and transport units; road and rail networks; etc) over time. Between 1990 and 
2000, land take was around 1,000 km² per year (275 hectare per day) within the territory of 
EU27 and artificial surfaces increased by 5.7 % (from 176,150 to 186,200 km²). Since then, 
land take has "slowed down" to 920 km² per year (252 hectare per day) and artificial surfaces 
have increased by a further 3 % (artificial land stood at 191,200 km² in 2006).  

However, between 2000 and 2006 exceptionally high increases of artificial land with more 
than 7,5 % were observed in the Netherlands, Portugal, Ireland, Cyprus, and Spain. Several 
individual regions are also affected by a rapid increase of artificial surfaces, among them half 
of the Dutch regions, eight provinces in Italy (Vercelli, Lodi, Verona, Piacenza, Parma, 
Campobasso, Matera, Catanzaro), three French départments (Vendée, Tarn-et-Garonne, 
Corrèze), the Poznan region in Poland, Western Styria in Austria, the Põhja-Eesti region in 
Estonia, and the Jugovzhodna region in Slovenia. 
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Between 1990 and 2006 a slight decrease of annual land take can be observed. Growth of 
artificial surface and population growth are moving closer and annual land take per capita 
decreased from 2.1 to 1.9 m². 

Significant land take decreases per capita were realised in Belgium, Luxembourg, and 
Germany and moderate decreases in Poland, Slovakia, Italy, Czech Republic, France, the 
Netherlands, Portugal and Ireland. Reasons for this trend were mainly a general saturation of 
large land developments (in particular road networks) and in a few cases rapidly growing 
population as for instance in Ireland (+11.4 %) and Luxembourg (+8.2 %). 

In comparison, in most new Member States (except Poland, Czech Republic and Slovakia), 
and Austria, Denmark and Spain land take per capita was increasing. This can be reasoned 
with either booming economy, realisation of numerous large infrastructure projects or 
shrinking population.  

State of artificial surfaces 
4.1 %, 4.3 % and 4.4 % of the EU territory was classified as artificial surface in 1990, 2000 
and 2006 respectively. This corresponds to a 8.8 % increase of artificial surface in the EU 
between 1990 and 2006. In the same period, population increased by only 5 %. In 2006 each 
EU citizen disposed of 389 m² of artificial surfaces, which is 3.8 % or 15 m² more compared 
to 1990. 

State of soil sealing 
In 2006, almost 100,000 km² or 2.3 % of the EU’s territory are actually sealed and each EU 
citizen was on average stocked with 200 m² sealed surface. Member States with high sealing 
rates exceeding 5 % of the national territory are Malta, the Netherlands, Belgium, Germany, 
and Luxembourg. Furthermore, individual regions with high sealing rates exist all over the EU 
and include all major urban agglomerations, and most of the Mediterranean regions. 

As CORINE data sets on sealing are only available for the year 2006 at the time of this 
study, it is not possible to give soil sealing trends at EU or Member State level at this stage. 
Land take cannot be generally used as a proxy, even if sealed surfaces are major 
components of artificial surfaces, because their shares vary remarkably among Member 
States. 

Measures and policies in the Member States 
Soil sealing is caused by several driving forces and creates a variety of negative but also 
beneficial effects, both of which affect the 27 EU Member States differently.  

The following overview reflects how Member States are actually affected by the pressures 
that lead to increased soil sealing, the actual state of sealing within their territory (in 
decreasing order), whether or not responses at the policy level have already been initiated, 
and if a policy target exists or not. 
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Tab le   So i l  sea l i ng  i n  EU  27 :  p ressu res ,  s t a te  and  responses  i n  t he  
EU  Me mb er  S ta tes .  
Source: Umweltbundesamt, 2010 

Country Pressures                               
(unsustainable trends 2000 - 2006)

State          
(sealing)

Responses Policy Target

Malta insignificant land take despite rapid 
population growth

13 % high no specific measures in 
place

N

Netherlands artificial surface is growing faster 
than population

8.1 % high several measures 
implemented

Y

Belgium annual land take is decreasing 
despite growing population

7.4 % High several measures 
implemented

Y (Flanders)

Germany land take and population are 
stagnating

5.1 % high several measures 
implemented

Y

Luxembourg annual land take is decreasing, 
steady population growth

4.9 % high several measures 
implemented

Y

Cyprus land take is growing faster than 
population

3.6 % high no specific measures in 
place

N

Denmark land take is growing faster than 
population

3.6 % high several measures 
implemented

N

United Kingdom annual land take is decreasing 
despite growing population

3.4 % high several measures 
implemented

Y

Hungary land take is growing despite 
shrinking population

3.2% high no specific measures in 
place

N

Czech Republic land take is slowing down, 
population is stagnating

3.2 % high several measures 
implemented

N

Portugal land take is growing faster than 
population

3.1 % high first measures initiated N

France annual land take is decreasing 
despite growing population

2.8 % medium first measures initiated Y

Italy annual land take is decreasing 
despite growing population

2.8 % medium first measures initiated N

Poland land take is slowing down, 
population is shrinking

2.4 % medium first measures initiated N

Slovakia land take is slowing down, 
population is stagnating

2.4 % medium several measures 
implemented

N

Lithuania land take is growing despite 
shrinking population

2.2 % medium no specific measures in 
place

N

Austria annual land take is decreasing, 
steady population growth

1.9 % medium several measures 
implemented

Y

Bulgaria land take is growing despite 
shrinking population

1.8 medium no specific measures in 
place

N

Slovenia insignificant land take, population 
is stagnating

1.8 % medium several measures 
implemented

N

Ireland land take is slowing down, steady 
population growth

1.6 % low first measures initiated N

Romania land take is growing despite 
shrinking population

1.6 % low no specific measures in 
place

N

Spain land take is growing faster than 
population growth

1.4 % low first measures initiated N

Greece
data gap

1.3 % low no specific measures in 
place

N

Latvia land take is growing despite 
shrinking population

1.1 % low no specific measures in 
place

N

Estonia land take is growing despite 
shrinking population

0.9 % low no specific measures in 
place

N

Finland insignificant land take despite 
growing population

0.6 % low first measures initiated N

Sweden insignificant land take despite 
growing population

0.4 % low several measures 
implemented

N
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The column “Pressures” refers to unsustainable trends between 2000 and 2006 and 
distinguishes between three categories: Green colour stands for insignificant land use 
pressures, i.e. insignificant land take in relation to population growth, Yellow colour means 
moderate land use pressures, like moderate land take in relation to population growth, and 
Red Colour, refers to high land use pressures, in particular to land take increasing faster than 
population growth1.  

⋅ Unsustainable land use trends can be observed in Cyprus, Denmark, the Netherlands 
and Portugal where land take is growing considerably faster than population growth. 
Furthermore, there are several new Member States also affected by unsustainable land 
use trends due to continuing land take and at the same shrinking populations. 

⋅ Positive land use trends can be observed in Austria, Belgium, Finland, France, 
Luxembourg, Italy, Malta, Slovenia, and Sweden, where land take is either insignificant 
or lower than population growth. 

The column “State” refers to the share of sealed surfaces out of the total national territory, in 
decreasing order: Green colour stands for a low sealing rate with less than 1.6 %, Yellow 
colour refers to a moderate sealing rate ranging between 1.6 % and 3 %, and Red Colour 
indicates high sealing rates with more than 3 %. For the definition of thresholds the principle 
of arithmetic average was used. 

⋅ The highest sealing rates can be observed in Malta with 13 %, the Netherlands with 8 
%, Belgium with 7.4 %, Germany and Luxembourg each with around 5 %, and Cyprus 
and Denmark, each with 3.6 %. 

⋅ The lowest sealing rates can be observed in Ireland and Romania (each with 1.6 %), 
Spain (1.4 %). Greece (1.3 %), Latvia (1.1 %), Estonia, Finland and Sweden (each with 
less than 1 %). 

The column “Responses” refers to the intensity of already implemented measures: Green 
colour indicates that several measures to reduce land take have been implemented, Yellow 
colour refers to the fact that first measures to reduce land take were implemented, and Red 
Colour that no specific measures to reduce land take exist. The following most promising 
measures and policies to mitigate land take and soil sealing were identified: 

⋅ Improvement of quality of life in large urban centres. Run down city quarters with 
decreasing population can be found in most European metropolitan areas. The 
phenomenon of people moving to urban fringes and leaving behind city centres with 
decreasing population is widespread. As a result distances between new dwellings and 
city centres are growing continually and mainly car dependency is increasing. Several 
urban renewal programmes have been launched recently with the objective to attract 
new residents and create new jobs in central urban areas of decline. Best practice 
examples in this respect are (1) the urban renewal programmes of Porto and Lisbon 
and the neighbourhood renewal programme in Catalonia both of which are supported 
by the European Regional Development Funds, (2) the Västra hamnen project in 
Malmö which is built on derelict harbour premises providing 1,000 new dwellings with 
the lowest possible environmental impact, (3) the Erdberger Mais development in 
Vienna which is realised on five inner urban brownfield areas, providing housing for 
6,000 new inhabitants and 40,000 work places, and (4) the Randstad programme in the 
Netherlands which puts special emphasis on improving the attractiveness of inner 
urban areas in the metropolitan agglomeration of Amsterdam, Rotterdam, and The 
Hague. 

                                                 
1  The definition of thresholds is based on the principle of decoupling population growth and growth of artificial surfaces and is 

visualised in Fig. 6. 
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⋅ Brownfield redevelopment. Initial or supportive funding to encourage new infrastructure 
developments on Brownfield sites exists in several Member States and is usually co-
ordinated by designated organisations. Brownfield redevelopment projects are mostly 
realised in the form of private public partnerships. (1) The English Partnerships is 
probably the most experienced public land developer in the EU and provides funding 
for social housing developments on derelict areas. (2) France disposes of a network of 
more than 20 public land development agencies, which among other activities develop 
Brownfield land for social housing. (3) The land development agencies Czech Invest 
and Invest in Silesia are in charge of developing major industrial Brownfield sites for 
new industrial investors. (4) In Flanders specific contracts (Brownfield covenants) are 
negotiated between the government and private investors to promote Brownfield 
redevelopment. 

⋅ Protection of agricultural soils and landscapes. Some Member States have established 
specific policies to avoid further land take and sealing on their best agricultural soils 
and most valuable landscapes. This is the case (1) in Spain, where building activities 
within the first 500 metres from the sea are strictly controlled, (2) in France and the 
Netherlands, where designated “green and blue” landscapes are protected from 
infrastructure developments, and (3) in the Czech Republic and Slovakia, where the 
conversion of top agricultural soils requires a fee. 

The last column refers to the existence of policy targets with regard to reducing land take. 

⋅ Sustainable spatial planning. The majority of the EU Member States have established 
the principle of sustainable development in their key spatial planning regulations, 
referring to economic use of soil resources and avoidance of unnecessary urban 
sprawl. However, the existence of relevant regulations does not give any insight on the 
effectiveness of implemented measures. 

⋅ Policy targets for land take. Quantitative limits for annual land take exist only in six 
Member States: Austria, Belgium (Flanders), Germany, Luxembourg, the Netherlands, 
and the United Kingdom. In all cases the limits are indicative and are used as 
monitoring tools. 

Technical measures to mitigate soil sealing 
Permeable surfaces can help to conserve soil functions and mitigate the effects of soil 
sealing to a certain extent. They contribute to the local water drainage capacity and can in 
some cases also fulfil biological or landscaping functions. Another advantage is their positive 
contribution to the micro-climate thereby trapping the heat and moderating temperatures in 
the area. Unsealed, green shaded surfaces have lower surface temperatures than sealed 
surfaces, the difference can amount to up to 20 °C. In the case of storm water a parking area 
built with permeable surfaces discharges the local sewage system by at least 50 % 
compared to a conventional asphalt surface. It can even be designed as independent system 
without discharges to the local sewage system. 

A broad range of materials and concepts is available for permeable surfaces. In addition to 
their clear ecological advantages most types of surfaces have lower lifespan costs compared 
to conventional impermeable surfaces. With regard to sustainability most permeable surfaces 
are made of materials that are locally available and reusable. Key barriers to implementation 
are currently the fact that site specific know-how and building competence is required to 
construct them correctly. Furthermore, regular maintenance is needed to make sure that they 
function properly. Parking areas have the greatest potential for permeable surface 
application, in particular large parking areas in urban fringes. Most advanced in this respect 
is the United Kingdom, where permeable surfaces are broadly used – even in big cities – and 
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where research is continuously developed and many guidelines exist. 

Green roofs generate new green space and create an added value to the quality of living, 
particularly in very densely built-up areas. At the city planning level several European towns 
provide either tax incentives or funding schemes for the construction of green roofs as this is 
the case in many Dutch towns (i.e. Groningen, Rotterdam, Amsterdam, The Hague), in 
several German towns (Berlin, Bonn, Munich and Stuttgart), in Copenhagen (Denmark), Linz 
(Austria), and probably other European cities as well. 

Compensation of soil loss 
Two principles were identified, namely compensation fees and compensation measures. 
Compensation fees for the conversion of agricultural soils into building land are being 
charged in the Czech Republic and Slovakia. The income of the fee sometimes is directed to 
an environmental fund. Compensation measures build on the principle that soil consumption 
and hence the loss of soil functions (habitats for species, food production, drainage capacity, 
carbon sequestration etc.) is compensated with restoration of soil functions somewhere else. 
This principle is already realised in several German Federal States through eco accounts 
and is currently tested in Austria. 

Consideration of soil quality along planning processes 
The integration of soil protection and hence protection of soil functions in spatial planning is 
relatively new and is a result of a general commitment to sustainable spatial planning. At the 
international level the Interreg project TUSEC-IP established criteria how to respect soil 
functions in spatial planning. The project results are increasingly influencing spatial planning 
standards, as this is the case in Germany, Northern Italy and Austria. Indicative guidelines to 
consider soil functions in spatial planning procedures exist in all German Federal States, in 
two Austrian Provinces, and in the autonomous province of Bolzano in Italy. Awareness of 
soil functions and how to respect them in spatial planning is increasingly growing. 

International Networks and Research2 
At the level of international networks only very few aspects concerning soil sealing are 
currently covered: monitoring, exchange of knowledge and raising awareness are partly 
covered but there are no international initiatives with the objective to push the issue on the 
EU political agenda. 

Apart from the European Structural Funds, which have currently an action line for urban 
renewal and Brownfield redevelopment, there are hardly any funding programmes which 
directly or indirectly address soil sealing. The German REFINA programme funds research 
related to land take and is for sure the largest and most remarkable research programme in 
this thematic field. It is therefore highly recommended to inform other Member States of 
selected research results and documents produced by REFINA.  

With regard to international research initiatives a lot of promising work has been completed 
or is currently being carried out which will hopefully influence future policy systems. To give a 
few examples: within the project URBAN SMS an urban soil management strategy is being 
developed with the aim to consider soil quality and quantity more comprehensively in spatial 
planning in central Europe. The project COBRA-MAN focuses on establishing competence 
and the project CIRCUSE capitalises on inner-urban development by introducing the 
“prevent & reuse” logic of material streams into spatial planning. The project GREEN-
CONCRETE developed robust green surfaces which can be built by using recycling material 

                                                 
2  Full names of project acronyms, websites and descriptions can be found in chapter 6.  
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in the subsurface. The surfaces have a great potential to be used in large parking areas at 
recreational sites but also at higher frequented sites such as super-markets and railway 
stations. 

Recommendations 
Efficient protection of soils from further sealing can only be achieved by following an 
integrated approach, requiring the full commitment of all policy levels, by improving 
awareness and competence within all concerned stakeholders, by freezing counterproductive 
policies, by establishing clear financial incentives, and by introducing binding legal 
requirements. In this context a three-tiered approach based on the prevent, limit, and 
compensate principle is proposed, similar to the logic used in waste materials streams (see 
Figure below). The proposed approach recommends specific measures for specific policy 
levels.  
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Tier 1: Prevention of Soil Sealing.
To “pave the way” for successful prevention of soil loss the following basic principles
need to be implemented at the policy level:
• to establish the principle of sustainable development in spatial planning
• to define realistic land take targets for the national and the regional level
• to integrate the “prevent, limit, and compensate” principle for soil loss in all policy

sectors
• to streamline existing funding policies accordingly (i.e. public funding for private

housing, subsidies for developments on the green field sites, commuter bonuses,
etc.)

According to the individual regional needs the following key action lines are proposed:
• to steer new developments to already developed land
• to provide financial incentives for the development of brownfield sites
• to improve the quality of life in large urban centres
• to make small city centres more attractive to counteract dispersed settlement

structures in rural regions with shrinking population
• to designate agricultural soils and valuable landscapes with development

restrictions

Tier 2: Limit Soil Sealing as far as possible 
Whenever soil loss is unavoidable, mitigation measures shall be implemented as 
far as possible, this can be realised by, 
• respecting soil quality along planning processes and steering new 

developments towards less valuable soils
• by applying technical mitigation measures to conserve at least a few soil 

functions (i.e. permeable surfaces on parking areas)  

Tier 3: Compensate soil losses 
For specific infrastructure developments even top quality soils will be lost 
and valuable landscapes fragmented. In such cases controlled compensation 
measures shall be carried out to facilitate soil restoration measures 
somewhere else where they make sense. This can be achieved by, 
• establishing qualified compensation measures
• facilitating new opportunities

 

F i gu re :  The  “p reven t  –  l im i t  –  compensa te ”  p r i nc i p l e  f o r  so i l  sea l i ng .  
Source: Umweltbundesamt, 2010 

 

At EU level it is recommended that the prevent, limit, and compensate principle is integrated 
in the funding objectives of the European Structural Funds and that best practices with 
regard to preventing soil loss are promoted via the European Territorial Co-operation 
Programme and the European Research Framework Programme 

At the National Level it is recommended that Member States (i) monitor annual land take 
and soil sealing, (ii) require that regions define realistic targets for annual land take according 
to their growth forecasts for population and economy, (iii) promote awareness how to avoid 
unnecessary soil sealing, (iv) provide clear financial incentives for inner urban development, 
and (v) abolish funding mechanisms that support further land take and disperse settlement 
structures. 



F i n a l  R e p o r t  
O v e r v i e w  o f  b e s t  p r a c t i c e s  f o r  l i m i t i n g  s o i l  s e a l i n g  o r  m i t i g a t i n g  i t s  e f f e c t s  i n  E U - 2 7  

 

 23

At the Regional Level it is recommended that regions (i) define specific regional targets for 
their annual land take under full consideration of the prevent, limit and compensate principle, 
(ii) promote and organise training courses for policy makers at the local level and cultivate 
awareness for soil functions by means of educational programmes at schools, (iii) establish 
soil compensation mechanisms for soil loss, and (iv) make sure that regional funding 
schemes are in line with the prevent, limit and compensate principle for soil sealing.  

Local planning authorities shall make sure that new building activities for housing and 
public infrastructure are being realised with the least possible impact on soil functions. In this 
respect it is recommended that (i) soil quality and alternative scenarios are as far as possible 
considered during the planning phase, (ii) green areas at the fringe of settlements are 
protected, (iii) inner urban development and Brownfield redevelopment are being promoted, 
and that (iv) building permits prescribe sealing limits. 

Key conclusions 
Policy measures to reduce land take and negative impacts of soil sealing exist above all at 
the regional or city planning level. Only very few Member States have defined national 
policies which explicitly address these issues. Awareness for the need of reducing annual 
land take is increasing though, as can be seen in the numerous initiatives which have 
recently been launched in the Member States. 

In view of rising energy prices, food and biomass production within the EU are gaining 
importance and the demand for productive soils is growing. Despite several initiatives it can 
be concluded that soils are not adequately protected in the EU. Soil quality is rarely 
respected along planning processes and compensation of soil losses hardly realised. 

Economic growth is still highly depending on land take and soil sealing. In order to decouple 
economic growth from land take and soil sealing, it is suggested to strictly follow the prevent, 
limit and compensate principle for soil sealing. Several elements of this logic are already 
being realised in some Member States as described in the section above and in the country 
profiles of this report. However, limitations to soil sealing are primarily based on voluntary 
agreements and non binding measures. 

It can be expected that single Member States will refrain from applying stricter regulations to 
protect their soils from sealing as this could represent a market disadvantage.  

It can be concluded that binding measures to prevent and limit soil sealing as far as possible 
need to be established at the EU level. A common regulatory framework in particular for 
regions with high land use pressures can be considered as the only solution to achieve better 
progress with regard to a sustainable use of the EU’s soils. 

 


