Future Crops for Food, Feed, Fibre and Fuel

FP7-KBBE-2007-1

Grant agreement for: Coordination and Support Actions

Review of the current situation for land use in theEU-27

Lead contractor for this deliverable:
Institute for Fuels and Renewable Energy (PL)

Ewa Ganko, Marta Grabryszewska

E@wlix C B RE C

IPiEO

Deliverable no 1
Delivery date: December 2008

Dissemination level: Public



Contents:

LiSt Of @DDIEVIALIONS ......eeiiiiiiiiie e e s 3
EXECULIVE SUMIMIAIY ...eiiiiiiiiiiiiiite e eeeeeee s e e e e e e e e e e et e eeeeette bbb s e e e seeea e s s s s e e e eeaeaaeeeeeeeennnns 4
i [ 11 {0 o 18 [ox 1 o o PP PUUPPRRPPRPPPRPPRRS 6
2. Environmental stratification Of EUIOPE ... .o eeremiiiiiieeeeeeeeeiieeeeei e 7
3. Agricultural land use iN the PAST.........ccoeiviiiiiieeecr e 9
4. Overview of the current land use situation B BEU-27 .............coooo i 13
4.1. Utilized agricultural land and arable landhe EU ....................coooeiiviiiiiiiiviien 13
4.2, MAaIN CrOPS @I AS.......ceeeeeeirrreuinnammmmmmaaaaaaaeaaaaeetaeteeatrstssnnn e s aaaaaasaaaaaaaaaaaaeees 16
4.3. Large changes in crops areas iN 2008. . eevvvrrrrniiiiiaiieeeeeeeeeeeeeeeessseneeneeees 20
4.4.  Mid-term proSPECtS fOr CrOP @rEaS .....uuuuuuuiiiiii et 22
5.  Drives for [and USE ChANQE ..........uuuuiceeeeeeiiiiiiie e e e e e e e e e 27
5.1.  Common Agricultural Policy mechaniSms .....ccc......ooooiiiiiiiiiiiiiiiieeeeeee 27
5.2.  Food demand and food consumption patterNS . ...........ceevvvvvrniiiinieeeeeeeeenn. 31
5.3.  Demand for biobased materials..........ccceeeieiiiiiiiiiiiii e 36
5.4. Demand for bioenergy and biofuels........ccccceooi i, 40
5.5. Climate change IMPAaCT...........uuuuuiimmm e e e 43
6. CONCIUSIONS ... .t e e e e e e e eas 49
=T (=TT 0 [0 E ST PPPPPP PP PPN 50



List of abbreviations

CAP
EU

EU-27

EU-15

EU-12

EU-10

Mha

Mt

NUTS

Common Agricultural Policy
European Union
following countries are included:

AT, BE, BG, CZ, CY, DE, DK, EE, ES, FI, FR, GR, HIE, IT,
LU, LT, LV, ML, NL, PL, PT, RO, SE, SI, SK, UK

following countries are included:

AT, BE, DE, DK, ES, FI, FR, GR, IE, IT, LU, NL, PBE, UK
following countries are included:

BG, CZ, CY, EE, HU, LT, LV, ML, PL, RO, SI, SK
following countries are included:

CZ, CY, EE, HU, LT, LV, ML, PL, SI, SK

million ha

million tonnes

Nomenclature of Units for Territorial Statcsi



Executive summary

Agriculture land covers on average 40% of total lad in the EU-27 amounting at almost
175 Mha (data for 2006). Only Scandinavian coustared high mountain regions, which are
characterized by adverse growing conditions fopsyshow higher proportion of forests than
agricultural land.

The agricultural area is predominantly used for arable crop. This is reflected in the fact
that the arable land covers on average 61% of @grral land in the EU-27, amounting to
107 Mha. Areas with very high contribution of aedbnd are very widespread across
Europe, including: whole of Denmark, Bulgaria, $eaast UK, plains of France, western part
of Poland, eastern Germany, whole Hungary,Récmanent grassland and meadowsover

on average 31% of agricultural land. In traditiolnastock breeding areas they are dominant
land use, i.e. whole of Ireland, western UK, wektFoance, part of Belgium and the
Netherlands. Permanent grasslands are very impdrtaess-favorable areas, mountainous
areas and foothills, when only stock-rising aciegtare possiblePermanent crops have
little share with average of 8% of agriculturaldaim the EU-27. Only in southern countries
olives and vineyards have considerable contributiaime land use (Greece, Cyprus, etc.).

Cereals are the most important cropsCereals total covered some 59.6 Mha in 2006, lwhic
equal to 56% of arable land in the EU-27. Wheatced 29% of arable land on average, then
comes barley and maize. Apart from cereals othguomtant crop categories are oilseeds
(17% of arable land) and sugar beet (12%). Oilseeglslominated with rapeseed.

In the most productive regions mainly cereals are produced. Most of the EU-27%aer
production is concentrated in northern France,eeasEngland, north-western Germany,
western Poland and Hungary. Commonly wheat is exgdth in the crop rotation with
rapeseed and sugar beet, thus these regions arenais production areas for rapeseed and
sugar beet.

There are large differences in land productivity acoss Europe The highest wheat yields
are found in northern France and north-western @eynand reached 8-9 t/ha on average in
2006. In southern and central-eastern Europe teklsyiamounted to 2-4 t/ha on average.
However, the development is such that the variatiggroductivity is decreasing.

The superior function of agriculture is to supply bod for the population. The EU is
self-sufficient in food to a great extend, expagtiarge quantities of agricultural produce
outside the EU. The citizens have affluent diehvitoad variety of food items. Changes in
the demand for food come from the shifts in dighea than from growth of the EU
population.

The EU agricultural sector is affected by the global meket situation. The imbalance
between supply and demand for cereals world widelted with very high producer price in
2007 and the beginning of 2008. This gave immediasponse in the increased cereal
cultivation area in 2008 in whole of the EU-27.

In the EUfarmers are obligated to set-aside part of their lad. The obligatory set-aside
rate is established on a yearly basis and basieatigunts to 10%. In 2006 the obligatory
set-aside area amounted to some 8 Mha, and tHislag only EU-15 member states. Apart
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from that some 3 Mha belonged to a voluntary seteas-rom 2011 the set-aside obligation
would also apply for the EU-10 member states, whichuld add 1 Mha, and Bulgaria and
Romania would bring additional 0.5 Mha from 2014ét-8side land can be used for non-food
crops, i.e. energy crops or crops to produce bedasaterials.

So, fara significant part of the set-aside land was useaif energy crops In 2006 oilseeds
(mainly rapeseed) for biodiesel covered some 8@t@out of the 4 Mha of obligatory set
aside. Apart from set-aside land energy crops eremunder the aid for energy crops as well
as without any specific regime. In total the energyp acreage in the EU-25 was estimated at
2.5 Mha in 2005. Most of the production (90%) isicentrated in Germany, France and the
UK.

The increase in energy crop areas is determinedhéydemand for biofuels which is
stimulated by the biofuel policy. So far, most loé tenergy crops are oil, starch or sugar crops
used for transportation biofuels. Perennial ligeditdosic crops are mainly used for heat and
power production, however the total acreage is feas 100,000 ha in the whole EU. The
Climate and Energy Package approved in Decembe8 ZO@xpected to boost the energy
crop sectorPerennial crops shall have an increasing importancé he area of energy crops
is foreseen to expand significantly in a short tenainly on the set-aside land.

Non-food crops used for biobased materials have arg tradition in Europe. Most
commonly these are materials such as natural filmedssubstances, such as starch and oils.
However, biomass is also broken into blocks i.etidaacid, ethanol, furans in order to build
new product. The size of the biobased market isidenable: 780 out of some 4,000 products
included in the Eurostat-Nace database are partljully based on biomass or can be
potentially build from biomass.

The climate change impact on the land use in the Eld not well understood so far.The
projections shows that the climate change and asong CQ concentration will increase crop
yields compared to the baseline in north Europdentécreasing yields in southern Europe,
especially in Spain, Portugal and south Italy aswbadary in France and north Italy.

The main findings of the study are the driving fores for land use in EuropeLand use is
shaped in relation to climatic and soil conditioiigs affected by traditional land use patterns,
the farming structure and overall economic condgian the agricultural sector. The most
important driving forces for land use change in Bi¢ are currently the demand and supply
for certain crops and the rules of the Common Agtiral Policy.

Decoupling payments from production under the CARe out to free the farmers decisions
what to produce. Thereby the land use correspantiset market situation for specific crops.
The set-aside obligation proved to be a very affedb promote non-food crops production.
Ingeneration in specific crop market, such as pgtfproduction quotas and/or setting an
intervention market price, has a very strong aneatlieffect on crop areas. The specific
policy targets such as biofuel targets proved teehan important impact on land use. The
situation on global agricultural market has anblesieffect on the allocation of crop areas in
the EU, one example is the increase in the demamnckfeals in the world.



1. Introduction

This deliverable is a part of the 4F CROPS projeahded by the European Commission in
order to survey and analyze all parameters thak pldy important role in successful

development of non-food cropping systems in theZZUCrops supplying raw material for
food, feed, fiber and fuel markets are in focuse Pphoject includes following objectives:

= Review of the agricultural land uses in EU-27 anel prediction in short (2020) and
longer terms (2030), so as to identify possib#itier non-food cropping systems .

= Mapping of cropping possibilities like choice ofops, rotation cycles, vyielding
potential, raw material characteristics.

= Comparative cost analysis of the food and non-foomps with consideration and
evaluation of the most critical socio-economic pagters.

= Evaluation of the most important environmental ecid by means of an
Environmental Impact Assessment (EIA) and a Lifel€yAnalysis (LCA).

= Record of the existing policies and the drivingcks in the future crops.

= Development of scenarios for promising non-foodpping alongside food cropping
systems, by defining systems’ boundaries and etratuthe priorities and trends.

Both food and non-food cropping systems competetier same available land resources.
This deliverable, which has been prepared undewthr& package 1 titled “Land use in the
EU-27", shows the current situation in land usé¢hi@ European Union. Current agricultural
land use is analyzed as a reference for buildiegatos for further development of non-food
systems. Land use is defined as the area of differep types.

At the beginning an environmental stratificationkafrope is presented to show differentiated
growing conditions for crop in Europe (chapter & insight is made into the mechanisms
that shaped the structure of agricultural land inséhe past (chapter 3). Current land use
analysis is performed on regional level (NUTS-23dzhon international agricultural statistics
from Eurostat with data available for 2006 (chagierAn attention was given to the changes
in crops areas in 2008, which were coursed by tecereals prices and tight market situation
in cereal sector in 2007. DG Agriculture mid-termojpctions on crops areas are presented
over the period 2004-2014. In order to understaatteb the developments in land use
structure in the EU some of the most important lased drivers were discussed (chapter 5).

The deliverable was elaborated by Institute forl&w@nd Renewable Energy from Poland,
however input was also given from Wageningen UR-Bi®ih the Netherlands (chapter 5.3)
and from University of Bologna from Italy (chapteb).



2. Environmental stratification of Europe

Environmental conditions in Europe are differemithtacross the continent with regard to
various climates. This creates various land usteet and crop growing conditions. For the
needs of the 4F CROPS project the consortium dédciBologna 2008) to use an
environmental stratification of Europe elaborateg Metzger at al. (2005). These are
13 environmental zones, each of them representifegeht growing conditions for crops.

Metzger et al. (2005) selected twenty relevant remvnental variables based on the
experience from previous studies. The environmesitatification was elaborated consisting
of 84 strata, which were gathered into 13 enviromialezones, see Figure 1. The resolution of
stratification amounts to 1 Km

Table 1 presents the average values of minimahaedmal temperature and precipitation in
each zone. There are significant differences inBhmpean regions. Mediterranean South is
characterized with the highest temperatures andothest precipitation. The most favorable
conditions for growing crops are in the Atlanticrithg Atlantic Central and Lusitanian zones.

Table 1. Average variables for environmental zone@Metzger 2008- personnal communication)

Climate Average gninimal Average omaximal Precipitation [mm]
temperature [ C] temperature [ C]
Continental 4.10 12.92 61.93
Pannonian 6.06 15.60 47.48
Atlantic Central 6.15 13.75 74.35
Atlantic North 4.28 10.71 112.96
Lusitanian 8.02 17.06 93.21
Mediterranean North 8.57 18.45 63.33
Mediterranean South 11.51 22.00 43.57




M. 1. Metzger et al.
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Figure 1. Environmental Stratification of Europe by Metzger et al. (2005)



3. Agricultural land use in the past

Last millennium

When analyzing the current land use patterns imfgian insight into the past may lead to
better understanding of the main land use driviketabinge and van Diepen (2000) analyzed
the changes in the land use in Europe during stahdlennium.

Looking into the past millennium there was expansamd contraction of the agricultural
areas several times (Rabbinge and van Diepen 2668)Figure 2. At the beginning of the
Middle Ages more than 80% of the population waskivay in agriculture to produce enough
food. Around 1400 the pandemic Black Death hit perowhich reduced the European
population with some 30% and for that reason thevetied area contracted. After that a new
period of expansion continued until the end of Ifiéh century. That time the cultivation area
started to decrease as a result of the increapeodtictivity per ha due to better agricultural
methods, i.e. new rotation systems and manure vidgelyvapplied and better grain varieties
were introduced. International trade also affedtesl need for cultivation area. After some
100 years of contraction and stagnation, agricaltarea expanded again as the European
population increased more than productivity per Hlzat continued until the middle of the
20th century.

In the middle of 28 century dirst green revolution took place where productivise per ha

of 4-15 kg grain equivalents per ha per year irsgdaup to a level of 80—150 kg grain
equivalents per ha per year. The sudden increaspramfuctivity was possible due to
a combination of factors, i.e. introduction of newarieties, better use of fertilizers,
appropriate water management and appropriate cropeqgtion. These factors led to
a synergism that resulted in the increase of lamdiuctivity. Labour replacing machinery
was widely applied. A surplus of cultivated landEnrope was noted for the next decades
(Rabbinge and van Diepen 2000).

Growth

1200 1500 1600 1800 1900

1000 1100

Contraction

Figure 2. Expansion and contraction of cultivatedarea in Europe from 1000 to 2000 (Rabbinge and van
Diepen 2000)



Last decades

There have been large changes in agriculture anfiiiction over the last 5 decades. There
was an enormous productivity increase in the eB®§0s and 1960s. This resulted from the
synergistic effect of the innovations from varialisciplines.

Figure 3. shows the development of wheat (totalltivation area, yields and annual

production in the United Kingdom over the period612007. The cultivation area expanded
two times (at the expanse of other cereals andkbmesps) and the yield level increased two
times. This resulted in the total production outimatrease with four times. In Poland (Figure
4) there was an increasing trend in the yield lefelvheat. The cultivation area was also
increasing, however it was contracted significamtlyp times: in the early 1980s and than
after 2000, which affected strongly the wheat potigdu volumes.

It is important to notice that the yield of wheatthe UK is doubled in comparison to the
yield of wheat in Poland. It is the evidence tlatthe land related agriculture the variation in
production techniques within Europe is very sigmfit. Nevertheless, the development is
such that the variation is decreasing, as the terydéo reach optimal way of producing

becomes more and more the objective of all farnspstems. The Common Agricultural

Policy is expected to stimulate the restructurimgcpss of the agricultural sectors in the
EU-12 in order to bring the crop production levelsts potentials.
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Figure 3. Wheat cultivation area, yields and annuaproduction developments in the United Kingdom over
the period 1961-2007 (FAO 2008)
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Figure 4. Wheat cultivation area, yields and annuaproduction developments in Poland over the period
1961-2007 (FAO 2008)

Between 1975 and 2002, the arable land area irextestsarply, especially in Ireland, France,
the Netherlands. The trend intensified after 198G phenomenon can be linked with the
Common Agricultural Policy reform of 1992. The ¢udition of a maximum area of land
proved financially advantageous, even land withrgaaming potential was shifted for crop
growing. On the other hand, Spain, Italy and thesbidwed a decreasing trend in arable land
area, especially after 1990. This is partially thigect of the introduction of set-aside
obligation. Eurostat data before 2000 are not afbéelfor the EU-12 member states.

Arable land takes the form of large areas of opelds, which become more and more bleak
and uniform. This trend is further accentuated mgréased mechanization and attempts to
improve productivity, causing farmers to increaseirt land, take down their walls, remove
hedges and grub up isolated trees as well as reigpdences. These large parcels of land are
often without vegetation cover for part of the ya&hich poses increasing problems for the
environment, such as soil erosion or the leachingtmates.

11



20000

18000 —

16000

14000 =

12000

10000

1000 ha

8000

6000

4000

2000

Figure 5. Arable land over the period 1995-2002 iselected EU member states (Eurostat 2008)

Changes in crop cultivation methods and the ine@ase of plant protection products in the
70s, against a backdrop of guaranteed prices arateml shortage in Europe, led to a rapid
increase in the production of cereals (basicallthaplains), see Figure 3 and Figure 4. There
was a shift from secondary cereals (barley, ogiés,etc.) towards common wheat and maize,
given their higher yield potential and prices (Bbit999).

Agriculture was strengthened by scientific insigimt the basic physical, chemical,
physiological and ecological processes that togethtermine growth and production. These
together with a detailed understanding of the geriegtsis of various characteristics and the
possibilities to effect them have created a newrsm based agriculture (Rabbinge and van
Diepen 2000).

Since the fifties production with agro-ecosystemas been disconnected from land use for
particular products (Rabbinge and van Diepen 20@@duction of flowers and vegetables in

greenhouses, of mushrooms in closed containees)dive cattle breeding, they are all typical

examples of ways of producing that are similar ndustrial processes. These ways of
horticulture and agriculture are characterized byy\high energy use and are used for the
high valued products.
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4. Overview of the current land use situation in the EU-27

4.1. Utilized agricultural land and arable land in the EU

The agricultural area covers 40% of total landhe EU-27 amounting at almost 175 Mha
(data for 2006, Eurostat 2007). Agricultural lasddominant land use all over the Europe
except from the northern territories over the @ititude North. In these regions climate is not
suitable for cropping. Forestry is a dominant lamse cover in Finland and Sweden.
Moreover, mountain areas are primarily excludedmfrarable crops cultivation. Here

considerable areas in Austria, Slovenia and Slavb&longs.

The agricultural area includes arable land, permianeops, grasslands and other land use
categories of less importance. In the EU-27 arkavld covers on average 61% of agricultural
land, permanent crops 8% and permanent grasslahdhaadows 31%, respectively. Arable
land covers more than 50% of agricultural landllrcauntries apart from Ireland, Portugal,
Slovenia, the United Kingdom, Austria, Spain ancémburg, see Figure 6. Permanent crops
have important contribution to land use mainlyhe southern countries, especially in Greece
and Cyprus. Permanent grassland and meadows armatdniand use in Ireland (>70%
of agricultural land), but also in the United Kirayd, Slovenia, Austria (>50%) and Portugal
(>40%). Permanent grasslands are very importalgsgfavorable areas, mountainous areas
and foothills, when only stock-rising activitieegrossible.

AT BEBG CZ CYDEDK EEES FI FRGRHU IE IT LV LT LU MT NL PL PT RO SK SI SE UK

100% -

80% -

60% -+

40% -

20% -+

0% -

@ Arable land m Permanent crops @ Permanent grassland and meadow

Figure 6. Share of arable land, permanent crops ahpermanent grassland and meadows in the total
utilized agricultural area in EU-27 countries in 2M6 (Eurostat 2008)
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The distribution of agricultural land in total area regional level in the EU-27 is presented in
Figure 7. The lowest share of agricultural landL{4®) was marked in Sweden and Finland,
except from southern parts of both countries. HEnugdst contribution of agricultural land to
total area (65%-75%) is in the United Kingdom, herh part of France, in Denmark,
Hungary and Romania, in south-eastern Italy. A&sgd parts of Poland, central France and
Germany, Spain and Ireland are dominated with ajual land (> 50%).

Arable land contribution to total agricultural lansl presented in Figure 8. In Sweden,
Finland, Denmark and in most of Bulgaria arabledlanvers over 90% of agricultural land.
In most regions of Europe the contribution of aedlind to total agricultural land is between
69 and 89%. The lowest contribution of arable ladh northern part of United Kingdom,
whole of Ireland, in some Alpine regions of Austisauthern France and Spain, in central and
southern ltaly, in whole Portugal and southern Geee

Share of agricultural land in total area Share of arable land in agricultural land

Agricultural land in total area 2006 Arable land in agricultural land 2006

B 1% - 14% 34% - 40% [ 52% - 58% B 0% - 19% 49% - 59% [ 76% - 81%
I 15% - 26% 41% - 46% [ 58% - 65% I 21% - 36% 60% - 67% [ 82% - 89%
| 28% - 34% 47% - 51% [ 65% - 75% | 39% - 48% 69% - 75% [ 91% - 99%

Figure 7. Share of utilized agricultural land in tatal Figure 8. Share of arable land in agricultural landon
area on regional level in the EU-27 in 2006 (basedregional level in the EU-27 in 2006 (based
on Eurostat data) on Eurostat data)
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Share of fallow land in arable land

Fallow land in arable land 2006
B 1% - 2% 6%-9% [ 17% - 23%
I 3% -4% 9%-12% [ 27% - 40%

4% - 6% 13% - 17% [l 52% - 69%

Figure 9. Share of fallow land in arable land
on regional level in the EU-27 in 2006 (based on

Eurostat data)

Figure 9 presents the contribution of fallow lamdarable land. Total fallow land in the

EU-27 amounts to 21.4 Mha, which covers 20% of larégdnd in 2006. In most regions it

amounts from 4 to 9%. The largest share of fallamdlis found in most regions of Spain and
in southern Portugal. This is with regard to difficcrop growing conditions in dry climate.

Also southern Poland, southern France and singjmns of Italy, Hungary and Romania
show fallow land contribution between 13 and 23%.
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4.2. Main crops areas

Share of cereals area in arable land Share of wheat area in arable land

Cereals area in arable land 2006 Wheat area in arable land 2006

B 4% - 14% 36% - 45% [ 59% - 63% B 2% - 6% 16% - 19% [ 29% - 34%
P 16% - 25% 45% - 51% [ 64% - 69% % - 1% 20% - 24% [ 35% - 42%
[ 26%-36% 52% - 58% [ 70% - 76% I 11%-15% 24% - 28% [ 43% - 58%

Figure 10. Share of total cereals area in arable tal Figure 11. Share of total wheat area in arable land
in EU-27 in 2006 (based on Eurostat data) in the EU-27 in 2006 (based on Eurostat data)

Cereals are very important crops in Europe. In mblalmost all regions show very high
cereal production area contribution to total ardatel (>64%), see Figure 10. Also in some
regions in the Czech Republic, Hungary, Romania&eCe, Italy and the UK cereals area
cover between 64 and 76% of arable land. Amongatemeheat is the most important crop.
Figure 11 shows the share of wheat (total) culiivaarea in total arable land.
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Annual cereal production in 1000 t Wheat yields in t/ha

Annual cereal prodution 2006, 1000 t Wheat yields 2006, t/ha

-8 576-877 [ 2050 - 3137 B N K
I 119- 203 936-1207 [ 3234 - 5363 B s [ s
314 - 563 1436 - 1914 [JII 5844 - 8632 3 s [ °

Figure 12. Annual cereal production in the EU-27 Figure 13. Wheat yields in the EU-27 in 2006 (based
in 2006 (based on Eurostat data) on Eurostat data)

The distribution of cereals production volumes (ffegg12) is very different from Figure 10.
The largest cereals production is found in Frama @ermany, while in Poland, which has
very high contribution of cereals area to arabled)acereal production output does not
belongs to the largest values in Europe. It shd@doted that the production of cereals in
Figure 12 is determined by the share of cereal, dheasize of the regions and the yields of
cereals per ha. In Poland and other EU-12 countniesyields are much lower than in the
central-western Europe, see Figure 13. There age Hifferences in land productivity across
Europe. The highest wheat yields are found in mortH-rance and north-western Germany
and reached 8-9 t/ha on average in 2006. In sauttied central-eastern Europe the yields
amounted to 2-4 t/ha on average. In the south laktigipation is the main limiting factor,
whereas in the central-eastern Europe the relstiosl yields are related to less favorable
organizational and economic conditions in the fagnsector. However, the development is
such that the variation in productivity is decregsiThe Common Agricultural Policy is
expected to stimulate the restructuring processhef agricultural sectors in the EU-12
in order to bring the crop production levels toptgentials.
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Share of oilseeds area in arable land Share of rapeseed area in arable land

Oilseeds area in arable land 2006 Rapeseed area in arable land 2006

B 0% - 1% 5%-7% [ 12%-15% B 0% - 1% 3% - 4% [ 10% - 13%
I 1% - 2% 7%-9% [ 15% - 19% 1% - 2% 5% - 6% [ 13% - 16%
[ 3% -a% 10% - 11% [ 20% - 25% | 2%- 3% 7%- 9% [ 18% - 22%

Figure 14. Share of oilseed area in arable landFigure 15. Share of rapeseed area in arable land
in 2006 in EU-27 (based on Eurostat data) in 2006 in EU-27 (based on Eurostat data)

Oilseeds cultivation area in Europe reaches 25%atimum in the arable land, see Figure
14. Rapeseed remains the fourth most important byogrea in the EU, after wheat, maize
and barley. Rapeseed is the most important oil arapost of Europe, apart from Hungary,

Romania, Bulgaria and south of Europe, where sweftois the most important oilseed.

In 2006 almost half of the European rapeseed ptamugvas used for biodiesel production

with regard to the biofuel promotion. The largdsare of rapeseed in the cultivation area is
found in northern and central Germany, in northamd central Germany, in the Czech
Republic, in central and north-east France, ints@aist of the UK, see Figure 15. It may be
noticed that the regions of high contribution gbeseed are the regions of high contribution
of wheat area to the arable land — these two cocopsmonly exchange each other in the
rotation cycles.
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Share of grain maize area in arable land Share of sugar beet area in arable land

Grain maize area in arable land 2006 Sugar beet area in arable land 2006

B o%-1% 4%-6% [ 14% - 19% B 0% 1% - 2% [ 4% - 5%

1% - 2% 6%-8% [ 23% - 38% I 0% - 1% 2%-3% [ 7% - 11%
1 2% - 4% 9% - 13% [ 45% - 59% L 1% 3%-4% [l 11% - 19%

Figure 16. Share of maize for grain area in arable Figure 17. Share of sugar beet area in arable land
land in 2006 in EU-27 (based on Eurostat data) in 2006 in EU-27 (based on Eurostat data)

Figure 16 presents the share of maize for graitivatibn area in arable land. The regions
with the values between 23-59% lies in a horizohted starting from northern Italy and to
whole Romania. Also south-west region of Francevaag high maize grain contribution.

Sugar beet area has the largest contribution fdeatand in north-east of France, Belgium,
Netherlands, north-west of Germany and south-eggom of the UK. In these regions sugar
beet is grown in rotation with wheat and rapessed,Figure 11 and Figure 15.
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4.3. Large changes in crops areas in 2008

Year 2008 is very specific in Europe concerningngfes in arable crop areas compared with
2007. The changes are larges than in previous ,ydlans, they are discussed in this
deliverable. With regard to the fact that the in&gronal statistics for agriculture in 2008 are
not available yet, this chapter is fully based ba tStatistic in focus” vol. 59 by Eurostat
published in the early 2008.

Table 2 presents changes in main crops sown amnetee iEU-27. For some crops there is

strong growing tendency while others crops’ ardask. The larges changes between 2008
and 2007 were the increase in durum wheat and ngage areas and the decrease in peas
area. The largest change between 2008 and thegaviena2003-2007 was for peas, rapeseed
and sugar beet.

Table 2. Changes in cultivation areas of selectedops in the EU-27 (based on Eurostat 2008)

Crop % change 2008/2007 % change 2008/2003-2007
Cereals 5.7 2.6
Common wheat 5.4 4.9
Durum wheat 12.6 -7.9
Barley 2.3 1.6
Grain maize 10.0 -3.1
Triticale -2.9 -1.0
Peas -13.4 -35.5
Sugar beet -6.8 -19.3
Rapeseed -3.1 23.9
Cereals

The cereal area has increased with 5.7% up to &ppha. This is a response to the very
high price increase for cereals observed in 20@¥ tha beginning of 2008. This happened
due to an imbalance between supply and demancefeals worldwide. The increase in area
was partly made possible by important reductiofallow land.

The common wheat area is estimated to increase3.tb [dha in comparison with 2007.

France and Germany, the two largest producers ofmoaan wheat, increased their areas
by 5.3% and 7.3%, respectively. The United Kingddire third largest producer, and
Romania both increased their areas by around 12%mn@n wheat production is forecast to
rise to 123.7 million tonnes (+10.5%).

The area under durum wheat showed the biggestaserel2.6% in comparison with 2007,
reaching 3.2 Mha. This increase is mainly due tottto largest producers of durum wheat,
Italy and Spain, which increased their areas witloua 8.6% and 19.6%, respectively.
However, the total EU-27 area under durum whea@@8 remains 7.9% below the average
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area of the last five years. The total productibrihe EU-27 for this cereal is expected to
reach 9.6 million tonnes (+40.8%)

Barley cultivation area is estimated to increasghtlly with 2.3% to 14 Mha. Production in
the EU is expected to reach 57.6 million tonnesb{stin comparison with 2007). Finally, the
area under grain maize was estimated to increas®%y to reach 8.9 Mha. Romania have
the greatest area under grain maize (2.7 Mha). Uetmoh in the EU is expected to reach
56.7 million tones, which is +17.6% compared wi€®?2.

The main reasons to the changes in cereal areas thwerprices at record levels. This was
affected by several factors: (i) global commodignthnd driven by record economic growth
rates, changes in dietary patterns (meat) in mamnts of the world; (ii) the development of
biofuels market; (iii) the significant slow down @ereal yield growth in the EU (unlike many
other producing regions). Additionally, in 2007 thgricultural sector has been hit by a series
of adverse climatic conditions in many regions. rEn@as a heat wave in central and eastern
Europe, unusually abundant rainfall in North-Westdpe as well as very low temperatures
in Ukraine and Russia, which considerably affedieel level of crop production in these
countries. All these factors resulted in a fallgiobal stocks to their lowest in more than
10 years. In the EU two successive lower than @eetzarvests in 2006/07 and 2007/08
helped to clear the cereal intervention stocks.

Protein crops

There is a strong decrease in the protein crogaad area with 13.4% to 556,000 ha. Despite
an increasing demand for protein crops (mainlyaimimals) the area is constantly decreasing.
For the two largest producers of peas, France gminSa large decrease is observed
of 17.5% and 13.4%, respectively. The EU production2008 is estimated to reach
1.4 million tonnes (-7.4% in comparison with 2007).

Rapeseed

There was decrease in the area under rapeseed B¢ $ the EU-27 in comparison with
2007, i.e 6.3 Mha in 2008. This area is still digaintly above the 2003-2007 average
(+23.9%). The largest producers of rapeseed, Fraaeemany and Poland, decreased their
area under rapeseed by 7.4% (to 1.5 Mha), 8.4%.4oMha) and 6.1% (to 748,000 ha),
respectively. However, some other countries seerotdinue to devote more area to this
crop: the United Kingdom (+9.6%, 605 000 ha), Romar21.5%, 382 000 ha). The EU
production of rapeseed in 2008 was estimated thr&8.2 million tonnes, as in 2007.

Sugar beet

Due to the reform of sugar regime, the area undgarsbeet is estimated to decrease by 6.8%
within the EU in comparison with 2007 (-19.3% relatto the 2003-2007 average), dropping
to 1.7 Mha. The decrease is widespread. Francdarttpest sugar beet producer, decreased its
area strongly this year (-10.7%). Hungary, Spaid &aly also present severe reductions in
their areas (-65%, -26.3% and -17%, respectivdlge EU production of sugar beet in 2008
is expected to be 108.5 million tonnes, which repn¢s a fall of 11.8% relative to the
2003-2007 average and a decrease of 5.4% in casopasiith 2007.
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4.4. Mid-term prospects for crop areas

The DG Agriculture prepares annually “Prospectsagricultural markets and income in the
European Union”. The update published in March 2@@8udes market projections for
cereals, oilseeds, meat and dairy products in tHeE for the period 2007 — 2014. The
projections are established under a specific sedssiimptions. This chapter presents the
medium term prospects on the land use for mainschopghe EU-27 based on the document
published in March 2008 (DG Agriculture 2008).

Cereals

An increase in cereal area is projected from 5616 M 2007/08 up to 60.3 Mha in 2008
(+6.5%), see Figure 18. This is a combined efféth® record price levels in 2007/08 and the
removal of the set-aside obligation in 2008/09. hinabilization of fallow area in favour of
cereal sector is expected to reach 1.2 Mha. Ther @t of the area would come from other
crops, mainly fodder. From 2009 onwards, EU ceaeah would slightly decline and stand at
59 Mha by 2014. However, additional cereal producfor energy use would also take place
on set-aside land for around 1 Mha.

There would be only a slight change in the areacation between different cereals. Soft
wheat area would increase moderately thanks texpansion of soft wheat production for
energy on set-aside land (0.7 Mha by 2014). Totedat area including soft and durum wheat
would not change much from 2007 until 2014 amounth around 25 Mha, see Figure 19.
Total wheat production would rise from 122.4 Mt2807 up to 145.6 Mt in 2014 (+19%).
Barley, which has favorable export conditions, vdosilabilize at around 13.7 Mha. Rye area
would slightly increase to 2.7 Mha over the medienm.

Maize production will increase stimulated by favweaglobal market conditions for coarse
grain. Figure 20 shows that the total maize ardh@EU-27 should increase from 8.1 Mha in
2007 to 9.6 Mha in 2014 (+18.5%) mainly thanksdorfmain producing countries in Central
and Eastern Europe. This development would takeepd@spite the introduction of set-aside
in 2011 and 2014 in the EU-10 and EU-2 respectivielyaddition, the production of maize

for energy use on set-aside land would rise to @pMha by 2014. Total maize production
would rise from 45.7 Mt in 2007 67.3 Mt in 2014 #4), see Figure 20.

The land allocation for cereals would reflect titeation of EU and global price levels. High
cereal prices are foreseen to continue for they gt of the projection period until market
stocks in the EU replenish. After that EU cereatgs would stay on a higher level than seen
in the last decade though at much lower levels thase recently observed (2007/08). The
growth in global food demand and the developmemtesé market outlets, can be reasonably
expected to maintain prices at sustained levels.
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Figure 18. Total cereal production, consumption ad cultivation area developments in 2004-2014 in the
EU-27 (based on DG Agriculture 2007)
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Figure 19. Wheat production, consumption and cultiation area developments in 2004-2014 in the EU-27
(based on DG Agriculture 2007)
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Figure 20. Maize production, consumption and cultiation area developments in 2004-2014 in the EU-27
(based on DG Agriculture 2007)

Oilseeds

The rapeseed production in expected to increageosigal by the recent growth in the use of
rapeseed oil for biodiesel. The non-food use oésapd oil has now become more important
than the food use. Total production in the EU-2@98mated to increase to 32.6 Mt by 2014
(Figure 21) supported by the expansion in oilseesh &and the strong growth in rapeseed
yields (1.8% per year).

In 2006 oilseed area was around 7.5 Mha of whiéhMha on set-aside land. It increased
greatly in 2007 and 2008 up to 9.5 Mha, howeverhiigé cereal prices should limit further
expansion of oilseed area in the EU. The area oAfoad oilseed is expected to remain stable
at 1 Mha in 2014 due to the constraints imposedtigy Blair House agreement (with
a maximum of 1 Mt of soybean meal equivalent).

From 2009 onwards the expansion of rapeseed ardee iU would be constrained by the
rotational limits reached in most of its produciegions. New varieties of sunflower could
widen market opportunities for biodiesel, howeuss field potential of this oilseed seems
limited due to the constraining water availabilitythe main producing regions.
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Figure 21. Oilseeds production, consumption and ctivation area developments in 2004-2014 in the EUf2
(based on DG Agriculture 2007)

Sugar beet

The sugar sector undergoes a reform aiming at iagaugar production by 6 Mt until 2015.
Decline in the quota of sugar production as wellirathe minimum procurement price
of sugar beet influenced much the area under saggdrin the EU. It shrank from 2.2 Mha in
2005 up to 1.7 Mha in 2007 (-29%) and it shouldifitee at 1.5 Mha in the next years. The
areas released are allocated for cereals and epestivation.

Set-aside

The rate of obligatory set-aside is adopted onalyéasis. After a reduction to 5% for the
2004/05 marketing year, the obligatory set-aside returned to 10% in 2005/06. The rate of
obligatory set-aside is set at zero for 2008/0%®riTth is assumed to remain fixed at a level of
10% for the rest of the period until 2014. For ERJMlember States, apart from Malta and
Slovenia, which opted for the single area paymehtsie, the set-aside obligations would
only apply from 2011 onwards (and from 2014 onwandBulgaria and Romania).

Set-aside area increased up to 7 Mha in 2007, ahwhMha came from obligatory set-aside.
From 2011 onwards, the EU-10 should add 1 Mha digatory set-aside. Bulgaria and

Romania would contribute for a further 0.5 Mha bfigatory set aside from 2014. Obligatory
and voluntary set-aside area in the EU-27 would warhén total to 8.7 min ha in 2014,

see Figure 22.

High cereal prices and tight market situation ineaé sector combined with the obligatory

set-aside rate put to zero in the marketing ye®384® resulted in a mobilization of about
1.7 Mha of arable land, of which 1.5 Mha was alteddor cereals.
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The increasing demand of feedstock from the bioaral bioenergy sector is foreseen to
stimulate the production of cereals for energy psgs on obligatory set-aside land in
intensive production regions. The expected devetypmin biofuel markets should lead to
a non-food oilseed area of around 0.9 to 1 Mhatarabout 1.1 Mha for non-food cereal and
sugar beet on set-aside land by 2014.
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Figure 22. Set-aside land in the EU-27 over the ped 2004-2014 (based on DG Agriculture 2007)
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5. Drives for land use change

5.1. Common Agricultural Policy mechanisms

CAP reform

In June 2003 the EU concluded a major reform offhepean Common Agricultural Policy
(CAP). The reform completely redesigned the agnical support. It shifted the CAP from
paying farmers subsidies that encourage over-ptamyctowards measures that support
sustainable farming, rural development and the renwient. The core of the reform is
decoupling, which means the payments are no lolgleed to production levels, but will
instead depend on land being kept in good envirotah@nd agricultural conditions.

The Single Area Payment is the main element of retfermed CAP. Decoupling direct
payments from the production brings farmers clasghe market. It means food that people
want is provided, rather than driving the farmersver-produce specific commodities. The
cross-compliance rules mean farmers must meet thquirements of certain
EU environmental directives in order to qualify gubsidy.

Set-aside regulation was altered in the CAP refdfarmers applying for the area payment
are subject to set-aside part of their land fromdpction and receive compensation for this
obligation. The set-aside obligation is fixed apraportion of the area dedicated to arable
crops. The basic rate of obligatory set-asidexisdfiat 10%. The land set-aside can be used to
produce materials for manufacture that are notctlyeintended for human or animal
consumption, provided that effective control systeare applied.

Non-food production on agriculture land has becafa great concern in agricultural policy.

Non-food crops can be grown both on a normal laagimme and on a land set-aside. The
specific case are energy crops, which are cropsh®production of biofuels and electrical

and thermal energy from biomass. In order to suppoenergy CAP implemented payments
for energy crops (EC 1782/2003). Energy crops @anatgrown on agricultural land that is not
part of the set-aside area are eligible for an ahaid for energy crops of 45 € per hectare.
Only farmers who have a contract with an energypqocessing plant are eligible for the

payment. Energy crops grown on a set-aside landareligible for the extra aid payment.

The total area under energy crops in the EU wasnard..6 million hectares in 2004 and is
estimated in 2.5 Mha in 2005 (Vinnini et. all 200@&hich represents nearly 3% of the total
arable land in the EU-25, while energy crop aredeurspecific support schemes accounts for
1.5% of total arable land. Around 35% of the t@aérgy crops area in 2005 was cultivated
under the non-food on set-aide, see Table 3. Ar@8% was represented by the area under
the aid for energy crops, while the remaining 42%uld be cultivated outside the two
regimes.

The energy crops area is concentrated in Germaiay.cE and the United Kingdom, which
together have more than 90% of the total EU-15,aea Table 3. The crucial role is played
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by Germany, where around 60% of the total energp @rea is concentrated. The quite
relevant role play the Czech Republic and Polanggegng an area of 184,292 ha, around
7% of the total EU-25 area.

Table 3. Area under energy crops in EU-27 membetates in 2005 in 1000 ha (Vinnini et. al. 2006)

Total Energy Non food on Without spec.
crop scheme set aside Regime
regime
Austria 19.63 7.91 9.37 2.36
Belgium 7.56 2.59 4.07 0.91
Bulgaria - - - -
Cyprus - - - -
Czech Republic 104.0 0.0 0.0 104.0
Denmark 47.90 17.34 24.81 5.75
Estonia - - - -
Finland 9.44 8.31 0.00 1.13
France 572.61 135.40 376.2 1.00
Germany 1356.61 235.60 341.00 780.00
Greece - - - -
Hungary 18.50 18.50 0.0 0.0
Ireland 2.36 1.61 0.47 0.28
Italy 9.80 0.29 8.34 1.18
Latvia - - - -
Lithuania - - - -
Luxembourg - - - -
Malta - - - -
Poland 60.2 3.67 0.0 56.53
Portugal 0.09 0.08 0.00 0.01
Romania - - - -
Slovak Republic - - - -
Slovenia 1.59 0.14 1.45 0.0
Spain 39.45 25.61 9.11 4.73
Sweden 37.45 29.34 3.61 4.49
The Netherlands 1.29 0.05 1.09 0.15
United Kingdom 191.17 88.59 79.58 23.0
EU 27 2479.66 575.03 859.10 1045.53

Decoupling impact on land use

It is expected that until 2012 around 90% of thaltamount of direct payments is granted in
the form of decoupled income support (DG Agricudt@005). In the “Agricultural prospects

for agricultural markets and income for 2005 — 202@date for the EU-25. Scenario analysis
on decoupling” (2005) three scenarios of the im@etation of reformed CAP were included
to show the impact on crop and livestock productidere we focus only on the changes in
crop areas, however these are strictly combineti Wiwestock production and changes in
agricultural incomes. The scenarios are:
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= Reference situation 2012.
= Full decoupling.
= Full coupling of direct payments.

In the reference situation 2012 about 90% of thaltamount of EU-25 (Bulgaria and
Romania were not included in the analysis) direaynpents are decoupled. As far as the
arable crop sector is concerned, only France amthSpant an amount of 25% of the direct
support in the form of coupled payments. Irelahe, UK, Germany, Luxembourg, Italy and
Greece have additionally chosen to fully decoujectiincome transfer in the beef and sheep
sectors. The EU-10 countries are assumed to apeljutly decoupled payment scheme plus
national “top-ups” in 2012. The output of the refece scenario is presented in Figure 24 and
Figure 24.

The results showed that total oilseed acreage andssde and fallow land would slightly
increase Iin the reference situation 2012, mainlthatexpense of total cereal acreage. The
biggest amount of EU-25 cereal production wouldhbevested in northern France, eastern
England, north-western Germany, western PolandHanthary. These regions would show
shares of cereals in crop rotation of more than a@%byield levels of up to 10 t/ha.

Figure 23. Reference situation 2012: regional cerba Figure 24. Reference situation 2012: regional sharef
production in the EU-25 in t/ha of agricultural area set-aside and fallow land in crop rotation in the EJ-25
(from dark green over white to dark red: 0.1 to 1.7to in percent (from dark green over white to dark red: 1 to
5.2 t/ha) (DG Agriculture 2005) 8 to 29%) (DG Agriculture 2005)

The full decoupling scenario assumes that EU-1%ir@ms decouple their direct payments to
the maximum. For the EU-10, the fully decouplediorglized payment scheme remains
unchanged. Figure 25 shows the regional changesexdal area in comparison to the
reference situation 2012.
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In comparison to the reference scenario, full dpting of direct payments in 2012 would not
lead to major changes regarding total cereal alseed area as well as set-aside and fallow
land, because direct payments for arable crops baea already fully decoupled in the
framework of the current policy implementation, YRrance and Spain are keeping 25% of
arable crop payments coupled. Figure 25 shows| tateals acreage would particularly
decline in French and Spanish regions due to fdlodpling in 2012. However, cereal area
would also drop in Ireland, the UK and Italy, caugg where fodder acreage would expand
thanks to the higher profitability of beef prodwcti A different reaction would be observed in
the Benelux countries, in Portugal, Austria andn@la@avia, where total cereal acreage would
increase thanks to a favorable development of tereses and the substitution of fodder on
arable land by cereals.

Figure 25. Full decoupling 2012: regional changefo Figure 26. Full coupling 2012: regional change of
cereal acreage in EU-25 in comparison to thecereal acreage in EU-25 in comparison to the
reference situation in percentage (from dark green reference situation in percentage (from dark green
over white to dark red: -3 % to 0 % to 1 % change) over white to dark red: -7 % to 0 % to 5 % change)
(DG Agriculture 2005) (DG Agriculture 2005)

The full coupling scenario assumes that both El&i® EU-N10 countries couple their direct
payments to the maximum extent in line with theetilve CAP provisions. Member states are
assumed to “couple” as follows: Italy, Greece, &gat and Austria would keep 40% of the
durum wheat premium coupled, whereas all other tr@mswould opt for a 25% coupling of
the arable crop premium. Figure 26 shows the redionanges of cereal area in comparison
to the reference scenario 2012.

The full coupling scenario in 2012 in comparisorthe reference situation showed that the
overall EU-25 cereal and oilseed acreage wouldeasz by 0.6% and 0.3% respectively,
whereas set-aside and fallow land would decreas®8%. Figure 26 shows the increases in
cereal area would mainly take place in countries$ biave fully decoupled direct payments in
the reference situation. Cereal area would alsm insmarginal regions where set-aside and
fallow land or fodder acreage are substituted.
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The overall picture would change a little if Bulgaand Romania are included in the analysis.
These are one of the largest cereal producerseireth27. Full decoupling will start from
2014 and would result in dropping of the cereakage while full coupling would increase
further the cereals cultivation area in both caestr

5.2. Food demand and food consumption patterns

An increase in food demand and dietary shifts arestantial factors rising claims on
agricultural land. The EU-27 countries are charactd with affluent lifestyle. Food
packages include not only food to fulfill basic plological needs, but also satisfy social and
cultural demands. In the EU-27 social and cultteglirements of food play a significant role
on the land requirements.

Gerbens-Leenes et al. (2002) distinguish food requents on three levels:
= The basic level: energy requirements.
= Subsistence level: food requirement optimal fronutitional point of view.
= Cultural level: food requirements resulting frontust consumption patterns.

Cultural requirements contain a broad variety addfalso with low nutrient density, for
example coffee, cakes and chocolates, or higheruatacof foods than required on the
subsistence level. On a cultural level various oon#ion patterns can be assessed among the
UE-27 countries (Table 5). Food items were put inte categories: (i) beverages, (ii) fats,
(i) meat, (iv) dairy and eggs, (v) cereals, potst, vegetable and fruit.
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Table 4. Per capita food consumption per countries the EU-27 in grammas per day, data average for@1-2003 (FAO 2008)

Beverages

Fats

Meat

Diary and eggs

Cereals, potatoes, vegetables

and fruits
Country
%]
" Q
) 0} > — b = 8 -‘3
5 |2 |2 |g E 2 13 |8 |« & |8 &8 |z |& |=
= ()] proes] = 5 < ° =
& = s 2 3 a 5 g g |3 3 G = g 2 £
Austria 309 80 18 1 25 51 200 3 47 35 205 14 57 214 171 191 115
Belgium 278 74 13 1 35 54 100 6 64 34 183 17 43 275 240 277 75
Denmark 261 91 24 1 26 73 179 2 54 46 91 5 63 290 215 199 48
Finland 243 25 31 1 3 50 91 3 40 24 342 12 43 216 194 136 44
France 82 141 15 1 12 75 103 16 71 42 173 23 67 269 181 299 83
Germany 317 66 18 1 21 31 146 11 38 34 185 18 55 229 201 196 101
Greece 101 72 12 0 1 53 86 51 25 216 3 67 378 188 362 94
Ireland 522 36 5 8 10 69 116 77 19 562 8 27 271 326 167 53
Italy 73 141 15 0 13 66 118 16 48 31 91 8 61 415 110 287 119
Luxembourg 289 171 36 1 5 120 128 138 23 615 0 26 215 134 268 143
Netherlands 218 45 25 3 16 56 118 32 48 303 6 54 209 251 185 56
Portugal 165 139 11 0 26 44 116 70 28 252 6 26 275 352 310 96
Spain 183 95 10 0 6 42 180 10 76 39 275 2 20 242 219 246 94
Sweden 156 45 27 1 12 60 100 7 34 29 211 10 49 224 146 145 60
United
Kingdom 276 47 7 6 10 53 70 80 31 341 27 269 339 167 55
EU 15 average 231,5 84,5 17,8 1,7 14,7 59,8| 123,4 6,9 61,3 32,5| 269,7 9,4 457 | 266,1| 217,8| 229,0 82,4
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Beverages

Fats

Meat

Diary and eggs

Cereals, potatoes,

vegetables

and fruits
Country
(%]
o |3
o @ > = % = 8 o
o 2 2 © S 2 E & X £ o E g > =
A = |8 |& 2 |z |8 |& |& |3 [& [§ [z |& |& |&
Cyprus 121 47 13 0 5 19 126 5 101 34 362 3 17 248 117 304 62
Czech
Republic 430 28 10 1 10 21 116 11 63 41 105 12 37 270 211 145 52
Estonia 202 19 15 1 3 34 81 0 57 32 346 9 25 188 335 182 54
Hungary 200 92 12 1 49 15 135 3 90 46 215 3 27 315 189 227 35
Latvia 128 19 11 1 17 25 59 1 40 33 390 7 13 2 380 195 36
Lithuania 203 19 10 1 11 33 73 0 35 34 298 8 15 348 338 210 24
Malta 107 9 8 4 26 53 86 11 56 33 242 3 37 462 209 221 65
Poland 192 5 8 2 16 17 132 1 51 31 94 12 35 299 356 229 42
Slovakia 246 21 10 0 22 24 88 2 70 34 75 8 24 305 199 144 50
Slovenia 181 38 17 0 15 60 109 1 81 24 237 3 29 244 159 140 74
Bulgaria 128 13 8 0 9 28 93 2 50 28 327 1 11 364 93 244 41
Romania 153 62 5 0 11 20 69 2 49 35 543 1 4 452 251 292 48
EU 12 average 190,9| 31,0 10,6 0,9 16,2 291 97,3 3,3] 619]| 33,8]| 2695 58] 22,8| 291,4| 236,4| 211,1| 48,6
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Large differences in the consumption of specified® were apparent:

Beverages: both in the EU-15 and EU-12 beer habigest consumption. In Ireland
there is the highest beer consumption, which isiabeven times more than in Italy.
Wine consumption is the highest in Luxembourg anithirty four times bigger than in
Poland. The average consumption of tea and co$féegher in the group of EU-15
than in the EU-12. The highest consumption of s$gfauind for Ireland and the UK.

Fats: on average the consumption of fats was langre EU-12 than in the EU-15.
In Hungary a citizen eats on average forty nineeirmore fats than a Greek citizen.

Meat: pork has the highest consumption among alitsndn the EU-15 the largest
consumption of pork per person is in Austria and&uwr12 it is Hungary and Poland
respectively. Pork consumption is two times morantlbovine in the EU-15 on
average and three times more in the EU-12, rey@dgtiLuxembourg is the larger
meat consumer per capita and Latvia is the lowest.

Diary and eggs: for eggs there are no large difiggs in consumption among the EU
citizens. The highest consumption of milk and iteducts is in Luxemburg and is
Ireland, the lowest in Poland and Slovakia. Congtonpof butter, cheese and fruits
was almost two times more on average in the EUR&B in the EU-12. Use of cheese
in Romania was sixteen times less than in France.

Wheat, potatoes, vegetables and fruit. CountrieSb{l5 and EU-12 showed similar
level of average wheat, potatoes and vegetableuogoison per capita, however
significant differences can be found among coustii@étvia has extremely low wheat
consumption. Check the data once again for LV

In Europe regional differences are mainly causeddriation in the consumption of meat and
different drinking habits, consumption of butteheese and fruits. Not only meat, but also
fats and beverages consumption require large dgnal land areas. Specific land
requirements for these food items are shown in&d &bl
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Table 5. Specific land requirements per food itenn m2 per year per kg (Gerbens-Leenes 1999)

Food item | Specific land requirement (m” year kg™)
Beverages

Beer 0,5
Wine 15
Coffee 15,8
Tear 35,2
Fats

Vegetable oll 20,7
Margarine 215
Low fat spread 10,3
Meat

Beef 20,9
Pork 8,9
Chicken filet 7,3
Milk products and eggs

Whole milk 1,2
Butter 13,8
Cheese 10,2
Eggs 3,5
Cereals, sugar, potatoes, vegetable and fruits

Cereals 1,4
Sugar 1,2
Potatoes 0,2
Vegetables 0,3
Fruits 0,5

Figure 27 shows that consumption changes over tiwa large consequences for land
requirements in the Netherlands (Gerbens-Leenak 2002). Based on yields in 1990 Dutch
land requirements for food rose from 72 land umt4950 to 100 in 1990 (+38%). Between
1950 and 1960 the rise was due to higher consumpifolivestock products, fats and
beverages. Between 1960 and 1990 the rise was ymaanised by higher consumption of
meat and beverages while the consumption of faisy dnd eggs stabilized.

The land requirement for specific food items chahgeer time. Between 1950 and 1960 the
land requirement for the category of fats rose Byo,lbut then remained stable. The land
requirement for the category of meat only doubbkkpite the increase in the consumption.
This relatively low rise was due to the shift frdmaef consumption, which has a relatively
large specific land requirement, to poultry, whitds a relatively small land requirement. In
the category of dairy and eggs, the land requirémmse by 13% in the period 1950-1960
and then stabilized. Smaller milk consumption anshit towards varieties with lower fat
content and related smaller land requirements waspensated by higher cheese
consumption, which has a large specific land regment. The land requirement for the
category of cereals, sugar, potatoes, vegetabtefraits (c.s.v.f) remained the same. In 1950
the land requirement for foods from livestock precttbn systems was 44% of the total; in
1990 this contribution had risen to 47%, whereasctintribution of the category of beverages
had risen from 4 to 12%.
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Figure 27. The development of the relative per cafa land requirement in the Netherlands during the
period 1950-1990 based on 1990 yields for the fiecensumption categories: beverages; fats; meat; dair

and eggs; and cereals, sugar, potatoes, vegetabdesl fruits (c, s, p, v, f) (see text for the explaation of
land units) (Gerbens-Leenes et al. 2002)

Jobsevan Putten (1995) has shown that Belgian amchouseholds belonging to the upper
classes consume less meat than lower-class hodsehltdwever, if consumption is regarded
as expenditure on food, the upper classes prefee expensive types of meat, such as veal
and lamb, while the lower classes buy the cheapsk. pt can therefore be expected that if
affluence increases further in the EU, meat consiompwill stabilize but beverage
consumption will probably rise accordingly, gengrgiand claims.

In the near future, the impact of the growth in plopulation on the land requirements would
be limited in the European Union, however the comsiion patterns will form a very
important factor for land requirements, especidlbtary changes in the direction towards the
higher consumption of beverages, fats and foodanohal origin. The shifts towards more
affluent diets, especially in the EU-12 would hawbstantial effect.

5.3. Demand for biobased materials
by Harriette Bos, Wolter Elbersen, Christiaan Bolck from Wageningen UR-BBP (NL)
Introduction
The application of biobased resources in non-foamtycts such as materials is as old as
humanity. However, with the rise of the petrochahimdustry, many products that were
previously made from biobased resources, are nosedoan petrochemical feedstock.

Nevertheless, there are a number of products teattdl, and probably always will be, based
on biobased resources, like paper and (constryctiond.
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Next to that, there are recent developments innfstance industrial biotechnology and green
chemistry where new, high performance productsnaagle from biobased resources, and
which in turn replace petrochemical products.

Applications of biobased resources

Biobased resources are applied in a wide varietprotiucts, ranging from soaps, paints,
plastics, building materials to specialty chemicatsl pharmaceuticals. A convenient way to
categorize the variety of applications can be ngdeealizing that biomass supplies us with:

= Materials, using the materials just as they grow nature, with only slight
modification:

o fibres for paper, fabrics and composites,
o wood for timber.

= Substances, using the plant as a factory and iisgléite substances, which can then
be modified in order to get the desired functiayali

0 starch for plastics, glues and additives,
o bio-oil for paints, inks and transport fuels.

= Building blocks, breaking down the biomass intolding blocks to make something
new:

o lactic acid for additives and polymers,
o ethanol for fuel and plastics,
o furans for resins and fuels.

The logic of this classification comes from thetftltat the industries and industrial chains
involved are different, and this is of importanoe the 4F CROPS project:

= Materials from biomass:
0 Mostly old established applications and relativ&@ple processes.
o Can be big (f.i. Paper industry), but also a |oBME.
= Substances from biomass:
o Often using relatively simple chemical conversions.
o Partly in present food industry (f.i. AVEBE), alSO/E.
= Chemical building blocks from biomass:

0 Mostly combination of white biotechnology and chstry.
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o0 New products and processes.
o Focal point of the chemical industry.
0 Biggest potential for biomass applications.

Of course there are grey area’s in between these ttlifferent classes, but as a general
framework of thinking it is very useful. Also it ps to design non-food chains starting from
the application and not from the crop, which is @enfruitful approach (Bos et al. 2008). An
important observation is furthermore that the thdiéerent groups will have different
requirements concerning the crops that are needédhais ask for a different approach in
designing the non-food crop chains.

Present size of non-food application of biobased seurces

The size of non-food market has been investigayed/ageningen UR based on the Eurostat
production data of the EU-25 for 2005. In this wirk same approach was taken with respect
to the categorization of the applications as predas the previous paragraph. The results of
this project are given in Table 6.

Table 6. Registered production value for biobasedrpducts in EU-25 in 2005 (Nowicki et al 2007)

Number of Percentage Total Present share | Potential
product product registered Biobased ** share
categories categories value* (billion €) Biobased **
registered (billion €) (billion €)
Materials from 323 78% 250.6 187.7 211.6
biomass
Substances 101 60% 47.9 23.2 385
from biomass
Building 356 33% 155.2 34.5 81.6
blocks  from
biomass
Totals 780 55% 453.7 245.3 331.8

* excluding the confidential data
** of the non-food, non-feed component, based on expert estimation

In this work an estimation was made of the produrctralues of the present production of
materials partly or fully based on biobased resesir€or this, from the over 4000 products in
the Eurostat-Nace database, 780 products weretegtlétat are presently partly of fully
biobased or that could potentially be made fromoanlass resource (last column). As can be
seen in the table there is a very substantial nod-imarket, with a size in the same range as
the EU food market.

A drawback of the database is that a relativelgdaproportion of the production data are
confidential, for competitive reasons, so not atiqucts are actually registered. On the other
hand the database also includes some double cguihtowever, the work gives a good idea
of the size of the non-food biobased market. Itascluded that especially in the group
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building blocks from biomass there is a large ptétrior growth compared to the present
size of this application group.

Crop demand for non-food applications

From the product database, a relatively detailéidhasion can be made concerning the crops
that are presently used for this application. Morportant, the crops that in the future may be
used to fulfil the non-food product demand can &tmeated starting from the end products.
This work is presently being undertaken within treenmework of the 4F CROPS project. It

will be approached in the first step by estimatihg demand for the main composing

elements of biomass: carbohydrates, oils, protaimsother. This can be further specified in
a next step, towards cropping possibilities. Thiskwill be reported the beginning of 2009.

Not included as yet is the demand for products dleahot yet exist, as they are obviously not
included in the Eurostat database. Within workpgek@, that will start in 2009 these issues
will be addressed.

The work underlying this part of the workpackagesvpaesented as key lecture at the first
workshop of the 4F CROPS project in Bologna, onlifieof September.
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5.4. Demand for bioenergy and biofuels

Recently, an increasing number of actions have hbelegn to promote renewable energy in
the European Union. Bioenergy is of major inter@stit is estimated to have the greatest
technical potential in a short and medium-term imstrof the European countries among the
renewable energy resources. It can contribute éoggnsecurity, boost economy, and reduce
environmental impacts including global warming.

Bioenergy and biofuels are promoted by severatpadj including:
= While Paper on energy policy.
=  White Paper on RES & Action Plan.
= Green Paper on security of energy supply.
= Directive 2001/77/EC on renewable electricity.
= Directive 2003/87/EC on emission trading.

= Directive 2003/30/EC on liquid biofuels.

Directive 2004/8/EC on cogeneration.

The major legislation stimulating the developmehtrenewable energy are the Directives
2001/77/EC on renewable electricity and Directi@®@Z30/EC on liquid biofuels.

The target of the Directive 2001/77/EC are to d&hla framework to increase the share of
green electricity from 14 to 22% of gross electyi@onsumption in the EU-15 by 2010, to
help to double the share of renewable energy froro 612% of gross inland energy
consumption in Europe by 2010. The 22% targetrsgally for the EU-15 become 21% for
the enlarged Union.

The Directive 2003/30/EC on liquid biofuels aimspabmoting the use of biofuels or other
renewable fuels to replace diesel or petrol fongpert purpose in each member state. The
directive sets a European target of 5.75% substitubf conventional fuels with biofuels
by December 2010.

On 23 January 2008, the European Commission hakspetd a Proposal for a Directive

[COM (2008)19 final] on the promotion of the useenfergy from renewable sources for the
27 European Member States. The directive is a pard Energy and Climate package
accepted by the European Council in December 2008.

This law will take the superior position in the egvable energy promotion. The Directive has
been designed to boost the use of renewable enerthe EU to 20% by 2020. National

targets are laid down in the Directive in ordemieet that goal. Additionally, each member
state shall have a minimum, binding 10% targettfe@ share of energy from renewable
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sources in transport in 2020. the Directive wilingtlate both, the use of biomass
bioenergy and transportation biofuels.

Table 7. Renewable energy targets for the EU

Sector

Measurement

Target

RES electricity

Percentage  contribution to gross electricity

21% by 2010

consumption (Directive 2001/77/EC)
RES heat Share of renewable energy used in heating and | 20% by 2020
cooling (not specified further) (proposed by

Parliament)

RES transportation

Percentage contribution of bio-fuels and other
renewable fuels on the total quantity of fuels placed in
the market

5.57% by 2010
(Directive 2003/30/EC)
10% by 2020

(RES Directive)

RES overall target

Percentage contribution to the EU gross inland energy
consumption

20% by 2020
(RES Directive)

for

As mentioned above bioenergy is estimated to hadéetading position in the development of
renewable energy usage. The European Environmégghcy report (2006) showed that
biomass from agriculture provides the largest béogy potential in a long-term. The
environmentally-compatible bioenergy potential fragriculture could reach up to 142 MtOE
by 2030, compared to 47 MtOE in 2010 (EEA 2007)isTpotential is contingent upon
assumptions regarding the farmland area availablerfergy crop production in each member
state, the competition with food and export mark#ts impact of environmental constraints
and the yield of the assumed bioenergy crops. Apprately 85% of the potential estimated
by EEA will come from only seven member states {§garance, Germany, ltaly, the United
Kingdom, Lithuania and Poland). Total land areaegponding to the estimated potential is
14 Mha in the EU-25 in 2010 and app. 20 Mha in 2Q2Md areas available for energy crops
per country for three scenarios corresponding tr 910, 2020 and 2030, respectively, are
presented in Figure 28.
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Figure 28. Area available for energy crops correspaling to environmentally compatible bioenergy
potential for EU-25 (based on EEA 2007)

Today, most agricultural bioenergy production ikéd to the first-generation biofuels. These
are oil crops and sugar and starch crops whiclt@meerted into transportation biofuels. The
main examples for large-scale commercial energy @mduction are oil seed crops for
bio-diesel or cereals for bio-ethanol in e.g. FEar@ermany, Austria and Italy. The total area
of oilseeds cultivated for biodiesel in the EU-1asaestimated at 1.23 Mha in 2005, for
cereals it was 134,000 ha respectively (Vanninakf006). These examples mostly exist due
to the political and financial support given. Howevother energy pathways related to heat
and electricity are gaining importance. The proauciof short rotation coppice (SRC) for
heat and power in the UK, Sweden and Finland resrabhde considerable progress.

It is expected that there will be a shift from figeneration biofuels (plant oil, biodiesel and
ethanol from cereals, sugar beet or potatoes)setond-generation biofuel production from
ligno-cellulosic material. The second-generatioofurels can use various feedstock, including
agriculture and forestry residues as well as deelicanergy crops. Perennial energy grasses
(PEG) and short rotation coppice (SRC) are key @tesnfor such crops and usually
characterized by high yields per hectare as welmastly low environmental pressures.
However, sustainable methods in biomass cultivati@rvesting, transportation as well as
technological breakthrough in refining processes meeded before commercialization of
these next generation biofuels from non-food femxkstan take place.

It can be expected that PEG and SRC become morertamp in the crop mixes after 2010
when new technologies enter the market and bio-logions are further developed.
Nevertheless, even if the cultivation of PEG andCS&e often considered as a very
promising renewable energy option for the futuhsirt actual implementation in Europe at
the end of 2008 was still very limited. Current niltions are mostly grown on an
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experimental basis, with the exceptions of the Sl@eden, Finland and to some extent Italy
(Barto 2006).

According to the investigation of AEBIOM (2007) ttetal area of perennial crops in the EU-
25 amounted to some 50,000 ha in 2006. This indwf®rt rotation coppice and perennial
grasses. Short rotation coppice area mainly wilidantations in Sweden (12,500 ha), Poland
(9,000 ha) and the United Kingdom (4,000 ha). lelighus is cultivated in Italy (7,500 ha),

United Kingdom (4,000 ha), Austria (3000 ha) aneland (150 ha). In Finland there are
considerable large areas of reed canary grassateiti on peat lands (12,000 ha).

5.5. Climate change impact

by Andrea Monti, Department of Agroenvironmental Science and Technologies, University of
Bologna (IT)

Interactions between climate change and land useeny intricate and not well understood
as they depend on decisions at different scalddefrem farmers to global organizations, as
well as on the choice of model driver parameteechmological and demographic
developments, food and feed demands, social antbedo opportunities, land use and crops
competitions, environmental challenges, protectedasa etc. Furthermore, when the
assessment of land use is restricted to Europeals & is important to take into account how
this can be influenced by global trade outside wfolge. That is, the assessments on land use
climate change relationships should involve notyahke reciprocal influences, but also the
global market demand which may be sometime prevaegainst climate change toward
driving land use changes. To obviate this, glotzdé simulating models should be used.

A further difficulty in the analysis of climate chge - land use/cover relationships is that
climate change generally causes counteracting ameoaback effects on crop productivity
and thus in turn on land use. The rise in atmospl@®, concentration, for example, may
increase the crop vyield, especially iR €ops, but at the same time, it will lead to highe
greenhouse effects and water shortage, especralgouthern Europe, which in turn will
negatively affect the crop productivity. Whetheddn what extent the rise in G@ill offset

the more severe drought conditions is still a aorérsial matter. A recent study reported that
the average crop yield across Europe will changm 3% to +1% due to climate change,
from +11% to 32% due to the increase in atmospl@dg from +25% to +136% due to the
advances in technology (Ewert et al. 2005; Roudemteal. 2005; 2006). Though these
findings greatly changed in relation with specigavironmental conditions, the authors
estimated that, depending on orientation towardsaguable agricultural systems, from 50%
to 67% less land will be used for crop productioerahe next 50-70 years.

A look forward

Intergovernmental Panel on Climate Change (IPCQ)vided amassing evidence that
increase in atmospheric GHG concentrations leadsrise of temperature while altering the
patterns of rainfall and climate factors for a Eart of Europe, see Figure 29 and Figure 30.
There is a wide consensus that this will occurdigpand accompanying land use change shall
be expected accordingly. However, the influenceclohate change upon land use is not
unequivocal: there is a still high uncertainty andl use model predictions (Pontius and
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Malanson 2005) as
McCarl 2006).

several recent studies produeey different scenarios (Brower and
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Figure 29. Hockey stick patterns of CO2, methane a@hnitrous oxide (right) and their consequences onia
temperature, sea level and snow cover (IPCC 2007)
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Figure 30. Projections of global warming and CO2 eimssions according to different scenarios (IPCC 2007

These contrasting results can be explained bynneate relationships between factors. For
example, food and feed demands are projected tedse rapidly, and these will likely affect
land use to an even more extent than climate chdmgemaking the projections on land use
further unclear. Climate change will in turn affébe productivity of crops (Ewert et al.
2005), which influences the agricultural land uRe{nsenvell et al. 2005), and this, again,
will affect climate change thereafter through th@ssion and sequestration of GHG from soil
and productive processes. Recent studies usinguthe coupled Department of Energy
Parallel Climate Model (DOE-PCM) (Meehl et al. 20@&% simulate combined land cover and
atmospheric forcings have in fact shown that futlmed use, and land cover, will be
important drivers of climate change. Nonetheldss,role of land use and land cover change
in altering regional temperatures, precipitatiorgetation, and other climate variables has
been mostly ignored. As a result, IPCC (Intergomegntal Panel on Climate Change)
simulations on climate change can be expected tsidrgficantly worse from those based
only on air composition change (Feddema et al. 2B@8ke 2005). For example, Feddema et
al. (2005) reported that even minor deforestatian alter local rainfall patterns and the
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conversion of forests to agriculture will probabdpd to a significant warming well above the
predicted 2°C. Again, Guo and Gifford (2002) repdrthat soil carbon stocks increased by
18% after land use changes from crop to grasslamtge it decreased up to 59% when
pasture was converted in cropland. These resulte &kso corroborated by more recent
studies proving substantially different environnanmpacts of perennial and annual crop
systems (Fargione et al. 2008). That land use and tover will act as major drivers of
climate patterns should not surprise as NASA repibrat “between one-third and one-half of
our planet’s land surfaces have been transformelulbnyan development”. Therefore, a not
clear hierarchical relationship seems to be betvetigrate change and land use, indeed a sort
of “Catch 22" (Heller 1961) mutual influence betweaem likely exists.

Projections of land use

We refer to a number of recently published studiedand use scenarios undertaken within
the framework of the European Union funded researtojects ATEAM and
ACCELERATES (Rounsevell et al. 2005; Ewert F. et28l05; Tuck et al. 2006; Rounsevell
et al. 2006). These studies assumed the followiegaithical competition on land use:
protected areas > urban > cropland > grasslan@enbrgy crops > commercial forest > non
actively managed lands (or surplus lands mostlyessmted by abandoned lands). Briefly,
urban land is geographically limited by housing dech and by land use planning policies.
Bioenergy crops rank below food production, théelabeing reasonably assumed to take
precedence over energy demand. In addition, themity to urban centers for efficient heat
use was taken into account for a coherent allocaifdbioenergy crops. An assumption was
made that European protected areas will progrdgsimerease up to 20% by 2080. The
hierarchy is also adjusted according to produgtidifferences with latitude and crops. For
example, in northern latitudes, forests prevail roegriculture because in these areas
agricultural productivity is too low.

The methodology was based on different marker bt@y of the IPCC of Special Report on
Emission Scenarios (SRES) (Nakicenovic et al. 20o®¢grated with climate change
scenarios derived from HadCM3 model (Mitchell et28l04). Each SRES storyline describes
different situations in term of socio-economic, a@gmaphic, technological and environmental
conditions. The influence of global market demandiside Europe was taken into account by
the use of IMAGE model which predicts global densafor animal products, food crops,
grass and fodder species, wood and biofuel crops.

The effect of climate change (not including §@as calculated from the change in yields
between the baseline and each future climate Scerfarerage crop yield in each grid cell
was estimated by an empirical model based on theoemental stratification of Europe as
given by Metzger et al. (2006), see chapter 2.fBrieach yield value (Eurostat 2000) was
associated to the relative stratification clasough the intersection of the geographical
location of each class with crop yield. Changesrop yield were modeled accounting for
effects of climate change, GOncrease and technology development assumingthiese
effects were additive. The effects of increasinghagpheric C@ concentrations were
calculated by the relative yield change per urdteéase in C@and the difference between the
today and future COconcentration (Amthor 1998). The latter was estadao be from
417 to 427 pmol mdiin 2020 (best and worse scenario, respectivelg)fesm 518 to 766
pmol mol* in 2080 (HadCM3 model). The relative yield chapge unit CQ concentration
was set to 0.08%. The effects of climate changerop yield were calculated from the strong
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correlation between crop yield at regional leveur@stat 2000) and environmental strata
(Metzger et al. 2006). Changes in climatic condgigenerated by HadCM3 model (Mitchell
et al. 2004) were used to calculate changes idigtabution of environmental strata and thus
in turn of changes in the distribution of crop gl see Figure 31.

Overall, the results show that the increases ip productivity in 2020 will be from 25% to
41% (from 43 to 163% in 2080), mostly due to tedbgwal development and to a lesser
extent to CQincrease (about 4% in 2020; from 12% to 32% in(R@&pending on scenario)
and climate change (about 1%, irrespective of 8gae). Climate change and increasing CO
concentration increase crop yields compared tdo#seline in north Europe while decreasing
yields in southern Europe, especially in Spain,tiR@a and south Italy and secondary in
France and north Italy, see Figure 31. Negligibifeats of climate change will occur in the
rest of Europe. Due to technological developmelarge reductions in land use for food and
feed production was estimated, which were partiatfget by forest land, protected areas and
energy crops lands, see Figure 32. Variations lramiareas are conversely negligible. In the
two last scenarios of Figure 32 the abandoned l&sulplus) are strongly reduced as it is
assumed that the policy towards limiting crop piitkty are adopted to cope with land
abandonment. Measures could be the promotion c#nekte cropping systems, organic
farming and the replacement of food crops with gparops. Importantly, in all scenarios
crop land declines mostly due to the technologyetijament. However, how this interacts
with land use and climate change relationshipsois understood and therefore should be
considered more explicitly in future researches.

European Commission has planned to strongly inerd@s investment on bioenergy crops in
short term as important renewable alternativegpdace fossil fuels. Therefore, reliable land
use change scenarios should always include theps atong with the traditional ones. In this
regard, a recent study (Tuck et al. 2006) havevddrmmaps of the potential future distribution
of 26 energy crops (oil, starch and solid biofugps) in Europe, based on crop adaptability
and tolerance to the climatic conditions as prediddy SRES emission scenarios (IPCC).
A limit of this study was that potential crops distition was estimated on the base of growth
temperature and rainfall, while soil type, slopel¢iand markets were not take into account.
Overall, the results show that the possibilitiestmcessfully grow oilseeds, cereals, starch
crops, and solid biofuels are expected to increaseorth Europe, mostly due to higher
summer temperatures, and decrease in southernd=(ea@p Spain, Portugal, southern France,
Italy, and Greece) due to water shortage. Thesal tie initially slightly visible (2020) and
then it becomes much more pronounced (2080 scepaaxording to other global climate
models (e.g. CSIRO2, PCM and CGCM). Spain appearticplarly affected by climate
change, which causes a drastic decline of manyeeat® crops in this area. Therefore, there
is evidence that the choice of bioenergy cropsoutisern Europe will be restricted to a very
small number of crops (e.g. sorghum, sunflower mrgtanthus) unless alternative agronomy
strategies (e.g. earlier sowing) or selection progy will provide new genotypes with higher
drought adaptability. However, it should be undeti that other solid biofuels were not
included in this analysis which can be expectedb@éomore tolerant than miscanthus to
drought (e.g. giant reed and switchgrass).
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Figure 31. Distribution of environmental zones (todigures) and wheat yields (bottom figures) in 200@nd

2080. Same colors indicate same environmental zonesyield levels, the latter increasing from whiteto
black
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Figure 32. Projections of competitive land uses. Bs indicate four different scenarios according to RES
scenarios elaborated by IPCC (Rounsenvell et al. 28). Surplus land indicate “non actively managed
lands” mostly represented by abandoned agriculturalands
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6. Conclusions

The land use fulfills thee main functions: socedpnomic and environmental. Here are some
conclusions of this study concerning the land tsectire in the EU-27:

= Land use defined as the area of different cropgypeshaped in relation to climatic
and soil conditions, traditional land use pattefasning structure, and organizational
and economic conditions in the agricultural sector.

= The main driving forces for land use change in fparare: demand and supply for
certain crops, rules of the Common Agriculturali®obnd the global market situation
for land derived products.

= Agricultural land use on a regional and nationaleds the sum of decision making on
farm level. Farmers seek to maximize their profits.

= Decoupling payments from production under the ComrAgricultural Policy came
out to free the farmers decisions what to prodiite land use areas increase if the
demand increase. Thus, the land use corresponiti® tmarket situation for specific
crops.

= |ngeneration in specific crop market, such as pgtproduction quotas and/or setting
an intervention market price, has a very strong dinelct effect on land use. One
example is the sugar sector reform, which resuled large reduction of sugar beet
area across the whole of EU.

= The set-aside obligation proved to be a very dffeanechanisms of reducing food
overproduction in Europe. Simultaneously it is veffective in promoting non-food
crops production.

= Specific policy targets related to land deriveddurcts, such as transportation biofuel
targets has an important impact on land use inHBke The area of crops for
production of biofuels is increasing. Energy creps predominantly cultivated on an
obligatory set-aside land.

= The global market situation affects the crops ateathe EU. One example is the
demand exceeding supply on the global cereal mamk2007, which resulted with
extended cereal cultivation areas in the EU in 2608vever, the changes are within
the crop rotation limits.

= The EU citizens have affluent diet with broad virief food items. Changes in the
demand for food in accordance in the land use coome the shifts in the diet rather
than from growth of the EU population. Meat constiompis expected to stabilize
while the cultural requirements will further rissosumption of beverages).

= Climate change would have an impact on land usegeher the mechanisms are not
well understood so far. The future projections stwoap yields increasing in the north
of Europe while decreasing yields in southern Earop
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