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Abstract

This paper presents an assessment of the potential impact of the EU’s biofuel di-
rective on European land use and biodiversity. In a spatially explicit analysis, it is 
determined which ecologically valuable land use types are likely to be directly re-
placed by biofuel crops. In addition, it is determined which land use types may be 
indirectly replaced by biofuel crops through competition over land between biofuel 
and food crops. Four scenarios of land use change are analyzed for the period 
2000-2030 while for each scenario two policy variants are analyzed respectively 
with and without implementation of the biofuel directive. The results indicate that 
the area of semi natural vegetation, forest and High Nature Value farmland directly 
replaced by biofuel crops is small in all scenarios and differs little between policy 
variants. The direct effects of the directive on European land use and biodiversity 
therefore are relatively minor. The indirect effects of the directive on European land 
use and biodiversity are much larger than its direct effects. The area semi natural 
vegetation is found to be 3 to 8% smaller in policy variants with the directive as 
compared to policy variants without the directive. In contrast, little difference is 
found between the policy variants with respect to the forest area. The results of this 
study show that the expected indirect effects of the directive on biodiversity are 
much greater than its direct effects. This suggests that indirect effects need to be 
taken explicitly into account in assessing the environmental effects of biofuel crop 
cultivation and designing sustainable pathways for implementing biofuel policies.

With Peter Verburg. Journal of Environmental Management, doi:10.1016/j.jenv-
man.2010.02.022
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4.1 Introduction

The European Union (EU) aims to promote the use of biofuels in its member states 
(Faaij, 2006; Frondel and Peters, 2007). The targets of the EU regarding the use 
of biofuels are described in the EU Directive 2003/30/EC, which requires from EU 
member states that 5.75% of their fuel will consist of biofuels in 2010. Although bio-
fuels are promoted as environmentally beneficial due to their reduced greenhouse 
gas (GHG) emissions compared to fossil fuels, some authors point out that reduced 
GHG emissions are not the only environmental criterion that should be considered. 
They have concerns that large scale use of biofuels will have a direct negative im-
pact on biodiversity (Frondel and Peters, 2007; Koh and Ghazoul, 2008; Scharle-
mann and Laurance, 2008). As large volumes of biofuel are required to achieve the 
targets of the directive, large land areas are needed to grow the biofuel crops. Such 
an increased demand for agricultural land could result in the replacement of natu-
ral habitat and other ecologically valuable land with large monocultures of biofuel 
crops (Anderson and Fergusson, 2006; Frondel and Peters, 2007; Scharlemann and 
Laurance, 2008). Furthermore, concerns have also risen about the indirect effects 
of biofuel crop cultivation on biodiversity. Increasing competition between biofuel 
and food crops could result in the replacement of food crops with biofuel crops 
thereby forcing food crops to be grown at new locations (Anderson and Fergusson, 
2006; Frondel and Peters, 2007). At these new locations, the replacement of natural 
vegetation or extensively used agricultural lands with food crops will have negative 
effects on biodiversity. These indirect effects could take place within the EU itself or 
in other countries exporting biofuels to the EU.

The European Parliament has recognized that large-scale production of biofuel 
crops could potentially have a negative impact on biodiversity and is investigat-
ing options to reach the target of the directive in a sustainable way. Therefore, the 
European Parliament has requested that in future environmental assessments re-
garding the directive both direct and indirect effects of biofuel crop cultivation on 
biodiversity are accounted for (EC, 2008). So far, only few quantitative assessments 
of the potential impact of the directive on European biodiversity have been made. 
Additionally, the assessments that have done so are limited to an analysis of which 
ecologically valuable land use types are likely to be directly replaced by biofuel 
crop cultivation (e.g. Elbersen et al., 2006). Indirect effects through relocation of 
food and feed production have thus been ignored in most assessments.

The aim of this study is to determine what the potential direct and indirect effects 
of the biofuel directive are on European land use. Land use change is a key driver 
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of change in biodiversity value due to its effects on habitat quality and quantity. 
Land use change simulations are made for the period 2000-2030 for a series of 
scenarios. Under different scenario conditions the effects of the biofuel directive 
on ecologically valuable land use types are analyzed. The analysis considers both 
direct and indirect effects of the biofuels directive, but limits itself to the effects of 
the biofuels directive within the EU271 and does not consider its potential effects 
outside the EU27 as addressed by Banse et al. (2008).

4.2 Methods

Modelling approach
The current study is based on the EUruralis project. This is a scenario study that 
aims to show the consequences of different development pathways on social, eco-
nomic and environmental aspects for rural Europe (WUR/MNP, 2008). For each 
scenario a land use change projection is made based on a combination of a macro-
economic model (Global Trade Analysis Project; GTAP) with an integrated assess-
ment model (Integrated Model to Assess the Global Environment; IMAGE). These 
land use change projections are made for each European country and are then 
downscaled to land cover maps of 1km2 using a spatially explicit land use change 
model (Dyna-CLUE). As Dyna-CLUE does not contain an individual category for 
biofuel crops, biofuel crops are allocated within the calculated arable land using a 
seperate procedure. Only one category of biofuel crops is considered; i.e. those that 
are used to make biodiesel and bioethanol. All ‘second-generation’ biofuel crops 
(i.e. biomass crops) were excluded from the current analysis. In the next sections 
we will give a short summary of the methodology and refer to Hellmann and Ver-
burg (2008) for a full description of the modelling approach. 

GTAP/IMAGE
GTAP is a computable general equilibrium model that describes fluxes of raw mate-
rial and manufactured products between different world areas based on input and 
output tables (Van Meijl et al., 2006). GTAP considers two types of biofuels: bio-
diesel and bioethanol. Both can be used as substitutes for petroleum derived fuel. 
The import of biofuels to the EU is included as well (Banse et al., 2009).

1 EU27: current European Union consisting of France, Germany, Austria, Denmark, Netherlands, 
Belgium, Luxemburg, UK, Spain, Portugal, Greece, Malta, Cyprus, Finland, Sweden, Lithuania, 
Latvia, Estonia, Poland, Czech Republic, Italy, Ireland, Slovakia, Hungary, Slovenia, Romania 
and Bulgaria.
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In the EUruralis project, a number of scenario assumptions (population growth, 
trading policies, etc.) have been enforced on GTAP as boundary conditions (Van 
Meijl et al., 2006; Banse et al., 2009). Based on these boundary conditions GTAP 
calculates the most profitable allocation of resources in each economic sector and 
the resulting economic consequences for each world region, including the area 
of agricultural land in production for different crop types. Then, IMAGE is used 
to account for the effects of climate and land use change on agricultural output 
in the calculations of agricultural land use of GTAP (Van Meijl et al., 2006). These 
modifications in agricultural land use and output are fed back to GTAP, which con-
sequently updates its previous calculations. This loop continues until the output of 
GTAP and IMAGE is consistent.

Dyna-CLUE
Dyna-CLUE is utilized to downscale the area of different crop types as calculated 
per country by GTAP/IMAGE to a resolution of 1 km2 (Verburg and Overmars, 2009). 
It models land use through dynamically simulating competition between land use 
types. This simulation is based on the relative suitability of a location for each 
land use type (Verburg et al., 2002). Simulations are performed for a 30 year period 
(2000-2030) with yearly time steps. In each time step, the model changes the land 
use configuration in such a way that the claims for land use types are met. Whether 
a location is suitable or not depends on biophysical and socio-economic condi-
tions at that location (Verburg et al., 2002). An iterative procedure selects locations 
ensuring an overall optimal balance between the relative suitability of a location 
for different land uses and the demand for land use at the national level. Eight land 
use types are modelled dynamically, including two types that can be characterized 
as natural habitats (semi natural vegetation and forest).

Allocation of biofuel crops
Most biofuel crops aim at high biomass production which is associated with high 
transportation costs to processing industry. This makes areas in the neighbourhood 
of processing industry more favourable. Therefore the allocation of biofuel crops is 
done in two steps. First the processing plants needed to process the biofuel crops 
are spatially allocated. Then the likely allocation of biofuel crop cultivation is de-
termined based on the location of the processing industry.

For the allocation of biofuel plants a site suitability map is generated by combining 
location determinants through a Multi Criteria Evaluation (MCE). The location deter-
minants used here are: accessibility to local feedstock, accessibility to a transporta-
tion network, and accessibility to either petrochemical industry or other industries. 
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Each EUruralis scenario has different assumptions regarding economical and 
societal developments, which also determine the characteristics of the biofuel 
production chain. This is reflected in the different weights of the location factors in 
the scenarios. The suitability of the 25% most suitable locations is adjusted with a 
stochastic factor to simulate the random component of site choice by industries.
Per year and per country, biofuel crops are allocated within the arable land area 
given by Dyna-CLUE. The area of biofuel crops that needs to be allocated per 
country is given by GTAP/IMAGE. The allocation of biofuel crops is done in several 
sequential steps. First a biofuel plant is selected and the area of biofuel crops nec-
essary to supply the plant is calculated. This is based on the plant’s capacity and 
an average biofuel crop yield. Then the calculated area of biofuel crops is allocated 
around the plant using a site suitability map which is obtained through another 
MCE. The location determinants used in this MCE are: ‘transportation costs’ and 
‘biophysical suitability’. Another biofuel plant is selected subsequently and the 
necessary area of biofuel crops is allocated around it. This procedure continues un-
til the preset claim of biofuel crops calculated by GTAP/IMAGE has been fulfilled. 
As these biofuel crops are mainly grown in rotational systems with other arable 
crops to avoid crop diseases, a random factor was included in the MCE to account 
for such crop rotations, leading to a mosaic of biofuel crop cultivation within the 
arable areas.

Scenarios
The EUruralis project uses four different scenarios, which are based on the IPCC/
SRES scenarios (Westhoek et al., 2006). The scenarios represent different world 
views for the period 2000-2030 based on different levels of globalization and regu-
lation (WUR/MNP, 2008). These scenarios represent a range of values for the main 
drivers of land use change and biofuel crops in particular. Table 4.1 gives an over-
view of the general characteristics of the scenarios plus the main assumptions with 
respect to the allocation of biofuel crops in the scenarios. In each scenario values 
for the main determinants of biofuel crop allocation are chosen given the range of 
probable values derived from literature.
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T 4.1 Scenario characteristics and assumptions concerning the allocation of biofuel crops.

A1 A2 B1 B2

Globalization + - + -
State regulation - - + +
Economic growth + +/- + -
EU agricultural 
subsidies - + - +
Environmental 
consciousness - - + +
Scale biofuel 
production + +/- +/- -
Import feedstock 
plants + +/- +/- -
Main sites
biofuel plants

Logistic hubs Logistic hubs 
and feedstock 
production 
centres

Logistic hubs 
and
feedstock 
production 
centres

Feedstock 
production 
centres

CO
2
 emissions 

acceptable in biofuel 
production chain 

+ + - -

Biofuel crops 
allowed in 
NATURA2000 areas

+ + - -

In addition, two policy variants of each scenario are considered:
1. A variant in which the biofuels directive is abolished; i.e. no obligations regard-

ing the use of biofuels. Although there is no obligatory biofuel production in 
this variant, some biofuel production is still possible as a result of increasing oil 
prices and other market forces.

2. A variant in which the biofuels directive is included; i.e. 5.75% share of biofuels 
in transport fuels in 2010 is envisioned. 

An overview of the scenarios and policy variants as used throughout this paper is 
given in table 4.2.
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T 4.2 Names of scenarios and their policy variants used in this paper. 

Scenario Without	biofuels	 With	biofuels	directive

A1 A1E1 A1E2

A2 A2E1 A2E2

B1 B1E1 B1E2

B2 B2E1 B2E2

Direct effects of biofuel crop cultivation
Direct replacement of ecologically valuable land with biofuel crops is analysed by 
calculating the replacement of both natural habitats and extensively used agricul-
tural land.

To assess the replacement of natural habitats model outputs of the EUruralis sce-
narios are overlaid with the land use map of the start year. In this way, locations 
can be identified where biofuel crops have replaced natural habitat over the period 
2000-2030. Results are aggregated and presented for four different European re-
gions2. A two-way ANOVA is used to test for the effects of scenario, biofuel policy 
and their interaction on the area of natural habitat directly replaced by biofuels 
crops. Scenario was considered a random factor and biofuel policy was considered 
a fixed factor in the analysis. In the analysis, the area of natural habitat directly 
replaced by biofuels crops is calculated for each HARM-region3 and used as a 
replicate. Although the data is not normally distributed, transformations did not 
improve their distribution and untransformed data are therefore used in this study. 
Semi natural vegetation and forest are analyzed separately.

To assess the replacement of extensive farmland by biofuel crops model outputs 
of the EUruralis scenarios are overlaid with the current High Nature Value (HNV) 
farmland map (Paracchini et al., 2007). The HNV farmland map gives a good in-
dication of extensively used agricultural land in Europe as it consists of farmland 
having: (1) a high share of semi natural vegetation, (2) a mosaic of semi natural 
vegetation, low intensity farmland and small landscape elements, (3) populations 

2  W-Europe: Germany, France, Austria, Denmark, Netherlands, Belgium, Luxemburg, Ireland 
and UK; S-Europe: Spain, Portugal, Greece, Malta, Italy and Cyprus; N-Europe: Finland and 
Sweden; E-Europe: Lithuania, Latvia, Estonia, Poland, Czech Republic, Slovakia, Hungary, 
Romania, Bulgaria and Slovenia.

3  EU administrative regions regrouped according to the Harmonized Regions System by the 
Dutch Agricultural Economics Research Institute (LEI)
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of rare species, or (4) a high share of the European or world population of species 
(Paracchini et al., 2007). However, because the HNV farmland map is primarily 
based on secondary data it merely shows the probability that HNV farmland will be 
found at a location on the map and does not show the actual distribution of HNV 
farmland. For this study we interpreted this probability as the area HNV farmland 
at a location; i.e. a grid cell with a probability of 80% for HNV farmland to be found 
within that cell is assumed to be covered for 80% with HNV farmland. This inter-
pretation allows us to calculate in hectares how large the total area HNV farmland 
is in the start year, and to estimate the area HNV farmland that will be directly 
replaced by biofuel crops in 2030. A two-way ANOVA is used to test for the effects 
of scenario, biofuels policy and their interaction on the area HNV farmland directly 
replaced by biofuels crops.

Indirect effects of biofuel crop cultivation
Indirect replacement of ecologically valuable land with biofuel crops is analyzed 
by comparing the replacement of (semi-)natural land covers by other uses between 
the two policy variants for the different scenarios. The area of natural habitat is 
determined in the model outputs of the EUruralis scenarios. Both policy variants of 
the scenarios are analyzed and a comparison is made between these two variants. 
As both policy variants only differ in the implementation of the biofuels directive, 
any differences should be attributed to the biofuels directive. Differences in direct 
effects between the policy variants (paragraph 2.3) are taken into account before 
making this comparison. Results are aggregated and presented for four different 
European regions (W-Europe, S-Europe, N-Europe, and E-Europe). A two-way ANO-
VA is used to test for the effects of scenario, biofuels policy and their interaction 
on the area of natural habitat indirectly replaced by biofuels crops. This ANOVA is 
similar to the ANOVA used in the case of direct effects of biofuel crop cultivation.

The EUruralis land use change model does not have a land use class ‘extensively 
used agricultural land’. This hinders an analysis of the future development of ex-
tensively used agricultural land in Europe. Some important land use changes (i.e. 
shift from extensive to intensive agriculture) cannot be detected from the model 
outputs whereas some other land use changes that can be derived from the model 
outputs might not be very relevant from the biodiversity perspective (e.g. shift from 
extensive arable land to extensive pasture). The indirect effects of the EU’s biofuel 
directive on extensively used agricultural land could therefore not be addressed in 
this study.
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4.3 Results

Overall patterns of land use changes under the different scenario conditions are 
discussed in Verburg et al. (2009) and Hellmann and Verburg (2008). This section 
will focus on discussing the observed differences as result of the biofuel policies on 
both the direct and indirect land use changes.

Table 4.3 shows the differences in the area biofuel crops between the policy variants 
of the scenarios. The area of biofuel crops is in each scenario substantially larger in 
the policy variant with the biofuels directive than in the policy variant without the 
biofuels directive. Figure 4.1 shows the location of biofuel crops in the two policy 
variants of each scenario at a resolution of 1 km2. A geographical concentration 
of biofuel crop cultivation is found in all EUruralis scenarios in parts of Germany, 
France, Spain, Poland, Lithuania, Czech Republic, Slovakia, Austria, and Hungary. 
Most of the additional biofuel crop cultivation in the variant with the biofuels di-
rective is allocated in the same regions as the cultivation in the variants without 
the biofuels directive. Apparently, these regions are much more advantageous for 
biofuel crop cultivation than others. This is due to a combination of available infra-
structure and industry, and a large biophysically suitable agricultural area.

T 4.3 Area biofuel crops in 2030 in the two policy variants of each scenario (in km2). The area of 

biofuel crops in each European region relative to its area is given in percentages.

Scenario Area biofuels EU27 W-Europe S-Europe N-Europe E-Europe

A1 A1E1 51 208 km2 1.2 % 1.6 % 0.8 % 0.5 % 1.5 %

A1E2 115 113 km2 2.6 % 3.0 % 2.1 % 0.9 % 4.0 %

A2 A2E1 56 806 km2 1.3 % 1.8 % 1.2 % 0.7 % 1.3 %

A2E2 138 994 km2 3.2 % 4.2 % 2.6 % 1.4 % 3.6 %

B1 B1E1 46 618 km2 1.1 % 1.3 % 0.6 % 0.4 % 1.6 %

B1E2 106 385 km2 2.4 % 2.6 % 2.0 % 0.9 % 3.9 %

B2 B2E1 47 605 km2 1.1 % 1.5 % 0.7 % 0.6 % 1.2 %

B2E2 125 419 km2 2.9 % 3.9 % 2.2 % 1.2 % 3.4 %
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Figure 4.1 Biofuel crops in 2030 in the two policy variants of each scenario.
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Direct effects of biofuel crop cultivation
Direct replacement of natural habitat
Table 4.4 gives the area semi natural vegetation directly replaced by biofuel crops 
in 2030 in the different scenario variants. A two-way factorial ANOVA shows that 
there is no significant effect of scenario (F(3, 5304) = 3.33, p = 0.175) on the area of 
semi natural vegetation directly replaced by biofuel crops, but that there is a sig-
nificant effect of biofuels policy (F(1, 5304) = 24.41, p = 0.016) and the interaction 
between scenario and biofuels policy (F(3, 5304) = 3.91, p = 0.008). Apparently, 
the area semi natural vegetation directly replaced by biofuel crops does not differ 
significantly between the different scenarios but does differ significantly between 
the policy variants (i.e., larger in the policy variant with the biofuels directive). The 
combined effect of scenario and policy is also not consistent in all various combi-
nations of scenarios and policy variants. Despite the statistically significant differ-
ence between policy variants, this difference is small compared to the area semi 
natural vegetation in 2000. In most cases, less than 1% of the area semi natural 
vegetation in 2000 is replaced. Figure 4.2a shows the locations where semi natural 
vegetation has been directly replaced by biofuel crops. The largest area of semi 
natural vegetation directly replaced by biofuel crops is found in Spain and the Bal-
tic states, but also this area is relatively small.

Table 4.5 gives the area of forest directly replaced by biofuel crops in 2030 in the 
different scenario variants. A two-way factorial ANOVA shows that there is no sig-
nificant effect of scenario (F(3, 5304) = 3.40, p = 0.171), but that there is a significant 
effect of biofuels policy (F(1, 5304) =13.04, p = 0.036) and the interaction between 
scenario and biofuels policy (F(3, 5304) = 10.83, p < 0.001) on the forest area direct-
ly replaced by biofuel crops. Similar to the case of semi natural vegetation, the for-
est area directly replaced by biofuel crops differs significantly between the policy 
variants (i.e. larger in the policy variant with the biofuels directive). However, this 
difference is again small compared to the forest area in the start year. Figure 4.2b 
shows the locations where forest has been directly replaced by biofuel crops.



87

T 4.4 Semi natural vegetation directly replaced by biofuel crops in 2030 in the two policy variants

of each scenario (in km2). In addition, the area of semi natural vegetation in the start year 

(2000) is given.

Scenario Variant W-Europe S-Europe N-Europe E-Europe Total

- startyear 78 876 238 733 100 291 64 791 482 691

A1 A1E1 10 20 7 119 156

A1E2 42 100 18 358 518

A2 A2E1 149 252 36 63 500

A2E2 334 867 113 323 1637

B1 B1E1 11 38 1 151 201

B1E2 106 566 1 345 1018

B2 B2E1 13 19 0 119 151

B2E2 135 677 0 298 1110

T 4.5 Forest directly replaced by biofuel crops in 2030 in the two policy variants of each  

scenario (in km2). In addition, the forest area in the start year (2000) is given.

Scenario Variant W-Europe S-Europe N-Europe E-Europe Total

- startyear 323 727 221 138 451 501 338 659 1 335 025

A1 A1E1 25 21 54 346 446

A1E2 202 82 92 1415 1791

A2 A2E1 885 146 246 143 1420

A2E2 2331 477 956 1413 5177

B1 B1E1 39 43 0 476 558

B1E2 360 432 3 1332 2127

B2 B2E1 36 9 0 342 387

B2E2 462 531 2 945 1940
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Figure 4.2. Semi natural vegetation (A) and forest (B) directly replaced by biofuel crops in 2030 

in 1 or more of the scenarios/policy variants.

Direct replacement of extensively used agricultural land
Table 4.6 gives the area HNV farmland directly replaced by biofuel crops in 2030 in 
the different scenario variants. A two-way factorial ANOVA shows that there is no 
significant effect of either scenario (F(3, 5304) = 5.36, p = 0.101) or the interaction 
between scenario and biofuels policy (F(3, 5304) = 1.13, p = 0.334) on the area HNV 
farmland directly replaced by biofuel crops, but that there is a significant effect of 
the biofuels directive (F(1, 5304) = 109.89, p = 0.002). Nonetheless, also this differ-
ence is small compared to the area HNV farmland in the start year. Figure 4.3 shows 
where biofuel crops are cultivated on locations with a very high probability for HNV 
farmland (i.e. locations with a probability of 50% or higher for finding HNV farmland 
at that location) in 1 or more of the scenarios/policy variants. In Western Europe such 
hotspots can be mainly found along the Rhone (France), parts of Germany and in the 
Danube valley around Linz (Austria). In Southern Europe such hotspots are found 
in large parts of Spain (particularly Castilla y Leon, Castilla La Mancha and Ebro 
valley). Substantial areas of biofuel crops also appear on HNV farmland in Eastern 
Europe. Especially parts of Slovenia, Hungary, and -to a lesser extent- Poland and 
Lithuania show areas of biofuel crops on HNV farmland. In Northern Europe biofuel 
crops appear on HNV farmland only at a limited number of locations.



89

T 4.6 HNV farmland directly replaced by biofuel crops in 2030 in the two policy variants of each 

scenario (in km2). In addition, the HNV farmland area in the start year (2000) is given.

Scenario Variant W-Europe S-Europe N-Europe E-Europe Total

- Startyear 202 855 334 758 24 567 176 611 738 791

A1 A1E1 718 2044 257 1597 4616

A1E2 1318 5234 507 4231 11 290

A2 A2E1 1215 2797 335 1232 5579

A2E2 3219 6914 904 3856 14 893

B1 B1E1 555 1340 207 1415 3517

B1E2 1129 3918 474 4123 9644

B2 B2E1 588 1424 291 1215 3518

B2E2 1787 4538 683 3658 10 667

Figure 4.3 HNV farmland directly replaced by biofuel crops in 2030 in 1 or more of the scenarios/

policy variants (at locations with a probability of HNV farmland > 50%). 
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Indirect effects of biofuel crop cultivation
Indirect replacement of natural habitat
Table 4.7 gives the change in area semi natural vegetation in the different scenario 
variants after discounting for direct effects. A two-way factorial ANOVA shows that 
there is no significant interaction between scenario and biofuels policy (F(3, 5304) 
= .009, p = 0.967), but that there is a significant effect of both scenario (F(3, 5304) 
= 43.46, p = 0.006) and biofuels policy (F(1, 5304) = 39.82, p = 0.008) on the semi 
natural vegetation indirectly replaced by biofuel crops. A significant effect of sce-
nario is not really surprising as changes in area semi natural vegetation are higher 
in scenario A2 as compared to the other scenarios. The overall land demand in the 
A2 scenario is much higher than in other scenarios (Verburg et al., 2010) leading 
to a larger replacement of semi-natural vegetation by urban and agricultural uses. 
The ANOVA- results regarding the significant effect of the biofuels directive are not 
surprising as a clear difference can be observed in table VII between the E1 and 
E2 policy variants of the scenarios; i.e. the area semi natural vegetation is around 
3-8% smaller in the E2 policy variant (depending on the scenario). Regional differ-
ences seem relatively consistent between scenario and policy variants: a large de-
crease in N and E-Europe, intermediate decrease in S-Europe and increase or small 
decrease in W-Europe.

Table 4.8 gives the change in forest in the different scenario variants after discount-
ing for direct effects. A two-way factorial ANOVA shows that there is no significant 
effect of either biofuels policy (F(1, 5304) = 2.46, p = 2.15) or the interaction between 
scenario and biofuels policy (F(3, 24) = 0.047, p = 0.986) on forest area indirectly 
replaced by biofuel crops, but that there is a significant effect of scenario (F(3, 
5304) = 15.83, p = 0.024). This significant effect can be explained by the substan-
tially smaller increase in forest area in scenarios A1 and A2 compared to the other 
scenarios, a direct result of the different macro-economic conditions in the differ-
ent scenarios. There are some relatively consistent regional differences: whereas 
the forest area increases substantially in S-Europe and N-Europe, this increase is 
less pronounced in W-Europe and E-Europe. In the A2-scenario there is a small 
decrease in forest area in W-Europe.
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T 4.7 Increase/decrease in total and regional area semi natural vegetation in 2030 in the two 

policy variants of each scenario after excluding direct effects (in km2). In addition, the area of 

semi natural vegetation in the start year (2000) is given. 

Scenario Variant W-Europe S-Europe N-Europe E-Europe Total

- startyear 78 964 238 663 100 291 64 773 482 691 

A1 A1E1 +29 371 +2489 -69 468 -32 855 -70 463

A1E2 +21 771 -4730 -69 694 -35 481 -88 134

A2 A2E1 -733 -27 470 -73 208 -27 408 -128 819

A2E2 -13 866 -26 406 -78 302 -35 068 -153 642

B1 B1E1 +32 390 -917 -69 991 -26 842 -65 360

B1E2 +16 384 -16 690 -68 797 -29 833 -98 936

B2 B2E1 +32 411 -7852 -70 550 -19 118 -65 109

B2E2 +14 183 -21 967 -68 958 -26 249 -102 991

T 4.8 Increase/decrease in total and regional forest area in 2030 in the two policy variants of 

each scenario after excluding direct effects (in km2). In addition, the forest area in the start year 

(2000) is given.

Scenario Variant W-Europe S-Europe N-Europe E-Europe Total

- startyear 323 957 221 165 451 501 338 402 1 335 025 

A1 A1E1 +11 468 +31 643 +82 321 +14 013 +139 445

A1E2 +11 789 +31 170 +82 218 +12 071 +137 248

A2 A2E1 -10 035 +26 462 +78 819 +33 086 +128 332

A2E2 -11 838 +24 965 +71 818 +6772 +91 717

B1 B1E1 +23 021 +45 634 +83 448 +21 150 +173 253

B1E2 +19 683 +41 428 +84 240 +23 033 +168 384

B2 B2E1 +23 312 +46 154 +83 755 +30 390 +183 611

B2E2 +18 987 +41 127 +86 059 +30 580 +176 753

4.4 Discussion

The results of this study indicate that the direct effects of the EU biofuel directive 
on European land use are relatively small. This is partly a consequence of the rela-
tively small part of the cropping area dedicated to biofuels but also a result of the 
preference for cultivation of biofuels at locations with overall good agricultural 
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quality. Since these locations are mostly already under agricultural use not much 
natural vegetation is directly replaced by biofuels. Unfortunately, no integrated 
geographical data of European biodiversity or indicator species’ distribution is 
available. This makes it hard to translate these land use changes into changes in bi-
odiversity. Although some areas valuable for biodiversity may be directly converted 
to biofuel crops, the relatively small area of semi natural vegetation projected to be 
directly replaced by biofuel crops implies that the overall direct impact of biofuel 
crops on biodiversity in the EU27 will be limited.

The indirect effects of the EU biofuel directive on European land use and biodiver-
sity are much larger than its direct effects. Differences in the area semi natural veg-
etation between the policy variants indicate that the area semi natural vegetation 
is projected to be 3 to 8% smaller when the biofuels directive is implemented (com-
pared to the area of semi natural vegetation in the start year 2000). Much of the 
semi natural vegetation is replaced by grassland or arable land which compensates 
for the use of such lands for biofuel crops in other areas. Differences in forest area 
between the two policy variants are relatively small in all scenarios, indicating that 
the biofuels directive will have a relatively low impact on the total forest area in 
Europe. A considerable loss in biodiversity seems to result from implementing the 
biofuel directive irrespective of the particular scenario because part of the replaced 
semi natural vegetation may include valuable ecosystems. The land use types clas-
sified as semi natural vegetation in this study (including natural grassland and 
maquis) are considered relatively rich in biodiversity (Koellner and Scholz, 2008; 
EEA, 2006). Part of these losses may be off-sett by increases of forest areas on aban-
doned marginal agricultural land. However, large differences in biodiversity are 
found between various forest types, where particularly old growth forests have a 
high biodiversity value and recent forests generally have a lower biodiversity value 
(Honnay et al., 1999; Koellner and Scholz, 2008; Wulf, 2003), especially when locat-
ed on recently abandoned agricultural grounds (Honnay et al., 1999; Wulf, 2003).

Some effects of biofuel crop cultivation that could have a potentially large envi-
ronmental impact could not be taken into account in this study. Besides effects on 
the area of agricultural land, the increased competition between biofuel and food 
crops boosts prices for agricultural commodities and land (EEA, 2006; Frondel and 
Peters, 2007; Banse et al., 2009). Such a development exerts a further intensifica-
tion pressure on existing European farmland, with negative impacts on European 
farmland biodiversity (EEA, 2006). The macro-economic models account for the 
effects of intensification (Banse et al., 2009) but these cannot easily be translated 
into spatial patterns of changes in land use intensity which is needed to make a 
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proper assessment of such effects on biodiversity. Additionally, this study did not 
consider the direct and indirect effects of the biofuel directive in countries outside 
the EU. Biofuel can be produced from various types of feedstocks, which can also 
be grown in countries outside the EU and then imported (Anderson and Fergusson, 
2006; Banse et al., 2009). An increased demand for biofuels in the EU due to imple-
mentation of the biofuel directive could stimulate large scale biofuel crop cultiva-
tion in these countries, with subsequent direct and indirect effects on biodiversity.
Nonetheless, this study clearly shows that the expected indirect effects of the EU 
biofuel directive on biodiversity are much greater than its direct effects. These 
results therefore support recent concerns about the indirect effects of large scale 
biofuel crop cultivation (Anderson and Fergusson, 2006; Scharlemann and Laur-
ance, 2008). Moreover, these results confirms the necessity -as expressed by the 
European Parliament- to incorporate the indirect effects of biofuel crop cultivation 
in sustainability requirements regarding biofuel crops in order to reach the targets 
of the biofuel directive in a sustainable way (EC, 2008). Although a concrete meth-
odology is still lacking to fully assess such indirect effects (EC, 2008), this study 
shows that land use change models can be valuable tools in such assessments. By 
taking into account competition between biofuel crop cultivation and other land 
use types, they can provide a starting point for integrated assessments of sustain-
ability tradeoffs of implementing biofuel policies.

Acknowledgements

This study was part of the EUruralis project financed by the Dutch Ministry of 
Agriculture, Nature and Food Quality and the EU funded FP6 Integrated Project 
SENSOR. We would like to thank Jan Vermaat, Henk Koning and the IVM-SPACE 
colleagues for critically reviewing the draft versions.



94

References

Anderson, GQA, MJ Fergusson, 2006. Energy from biomass in the UK: sources, processes, and 

biodiversity implications. Ibis 148: 180-183.

Banse, M, H van Meijl, G Woltjer, F Hellmann, P Verburg, 2009. Impact of EU Biofuel Policies 

on World Agricultural Production and Land Use. Biomass and Bioenergy 35: 2385-2390.

EC, 2008. Text of the Directive on the promotion of the use of energy from renewable sources 

as adopted by the European Parliament on 17 December 2008 (provisional edition. URL: 

http://ec.europa.eu/energy/strategies/2008/doc/2008_01_climate_action/2008_0609_en.pdf

EEA, 2006. How much bioenergy can Europe produce without harming the environment? 

EEA report/ No 7/ 2006. Copenhagen: EEA; 2006.

Elbersen B, E Andersen, R Bakker, B Bunce, P Carey, W Elbersen, M van Eupen, A Faaij, 2006. 

Bio-energy in Europe: changing technology choices. Energy Policy 34: 322-342.

Frondel, M, J Peters, 2007. Biodiesel: A new Oildorado? Energy Policy 35, 1675-1684. 

Hellmann, F, PH Verburg, 2008. Spatially explicit modeling of biofuel crops in Europe.  

Biomass and Bioenergy 35: 2411-2424.

Honnay O, M Hermy, P Coppin, 1999. Effects of area, age and diversity of forest patches in 

Belgium on plant species richness, and implications for conservation and reforestation. 

Biological Conservation 87: 73-84.

Koellner, T, RW Scholz, 2008. Assessment of Land Use Impacts on the Natural Environment. 

Part 2: Generic Characterization Factors for Local Species Diversity in Central Europe.  

The International Journal of Life Cycle Assessment 13: 32-48.

Koh, LP, J Ghazoul, 2008. Biofuels, biodiversity, and people: Understanding the conflicts and 

finding opportunities. Biological Conservation 141: 2450-2460. 

Paracchini, ML, JM Terres, JE Petersen, Y Hoogeveen, 2007. High Nature Value Farmland and 

Traditional Agricultural Landscapes. In: Pedroli, B, A van Doorn, G de Blust, ML Paracchini, 

D Wascher, F Bunce (Eds.), Europe’s living Landscapes: Essays exploring our identity in the 

countryside. KNNV Publishing, Zeist.



95

Scharlemann, JPW, WF Laurance, 2008. How Green are Biofuels? Science 319: 43-44.

Van Meijl, H, T van Rheenen, A Tabeau, B Eickhout, 2006. The impact of different policy 

environments on agricultural land use in Europe. Agriculture, Ecosystems & Environment 

114: 21-38.

Verburg, PH, W Soepboer, A Veldkamp, R Limpiada, V Espaldon, SSA. Mastura, 2002. Model-

ing the Spatial Dynamics of Regional Land Use: The CLUE-S Model. Environmental Manage-

ment 30, 391-405.

Verburg, PH, KP Overmars, 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. Landscape Ecology 24: 1167-1181

Verburg, PH, DB van Berkel, AM van Doorn, M van Eupen, HARM. van Heiligenberg, 2010. 

Trajectories of land use change in Europe: a model-based exploration of rural futures. Land-

scape Ecology 25: 217–232

Westhoek, HJ, M van den Berg, JA Bakkes, 2006. Scenario development to explore the future 

of Europe’s rural areas. Agriculture, Ecosystems & Environment 114: 7-20.

Wulf, M, 2003. Forest policy in the EU and its influence on the plant diversity of woodlands. 

Journal of Environmental Management 67: 15–25.

WUR/MNP, 2008. The future of rural Europe. An anthology based on the results of the EUruralis 

2.0 scenario study. Wageningen University Research and Netherlands Environmental Assess-

ment Agency, Wageningen.



96


