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Executive summary
This study aims at providing science-based but well-understandable quantitative
and qualitative information on the numerous benefits plant breeding is offering to
societies. More particularly, this research is meant to make the socio-economic and
environmental value of plant breeding in the EU and for a rather broad variety of
crops quantifiable and, thus, apparent.
Based on the application of sophisticated modelling and calculation tools as well as
on a rather comprehensive assessment of plant breeding contributions to land
productivity and overall productivity enhancement in EU arable farming, it turns
out that plant breeding innovations count a lot: On average and across all major
arable crops cultivated in the EU, plant breeding contributes approximately 74
percent to overall productivity growth equal to an increase of yields by 1.24 percent
per annum.
Based on this productivity growth, plant breeding activities towards major arable
crops in the EU in the last 15 years (chapter 4.1 and chapter 4.2) resulted in numerous benefits for the economy and environment as well as the society at large.
With plant breeding for major arable crops in the EU in the last 15 years yields per
ha have considerably increased. On average, yields and consequently production of
arable crops in the EU would be more than 16 percent lower without genetic crop
improvements.
Higher yields per unit of arable land increase the supply of primary agricultural
products on international markets. An additional 47 million tons of grains and 7
million tons of oilseeds can currently be produced in the EU with plant breeding for
these crops in the last 15 years. This contributes to stabilising markets, reducing
price volatility, and increasing potential world food supply.
Indeed, plant breeding in the EU is also indispensable for combating hunger and
malnutrition and improves the world food security situation. Genetic crop improvements in the EU in the last 15 years assure the additional availability of carbohydrates, proteins and vegetable oils to feed between 100 and 200 million humans.
Plant breeding in the EU additionally generates economic prosperity by increasing
the GDP. The entire agricultural value chain benefits from input suppliers to final
consumers. Genetic crop improvements in EU arable farming since the turn of the
millennium have generated in the agricultural sector alone an additional social
welfare gain of almost EUR 9 billion and have added more than EUR 14 billion to
the EU’s GDP.
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Breeding for yields in arable farming in the EU also secures employment and increases the income of farmers and agricultural employees. Approximately 7 000
EUR on average, i.e. 30 percent of the annual income of an arable farmer in the
EU, have been induced by plant breeding in the last 15 years. Moreover, almost
70 000 jobs have been created in the arable sector as well as upstream and downstream the agricultural value chain in the EU.
However, plant breeding in the EU not only brings about positive economic and
social effects, but it also generates substantial environmental effects. It helps save
scarce land resources around the globe by generating higher yields per unit of area.
This improves the EU agricultural trade balance. Without plant breeding in the
last 15 years, the EU would have become a net importer in all major arable crops.
Thus, plant breeding minimises the net virtual land imports of the EU, which currently amount to more than 17 million ha. In the absence of plant breeding for major arable crops in the EU in the last 15 years the global agricultural acreage would
have to be expanded by more than 19 million ha.
This contributes to preserving natural habitats and to reducing GHG emissions
resulting from an expansion of the global acreage. Plant breeding in the EU secures less CO2 being emitted by helping avoid negative land use change. A total of
about 3.4 billion tons of direct CO2 emissions have been avoided by genetic improvements in major arable crops in the EU in the last 15 years. In addition, plant
breeding in the EU generates a large positive biodiversity effect.
Without genetic crop improvements in the EU in the last 15 years, global biodiversity equivalent to 6.6 million ha of Brazilian rainforest or 9.4 million ha of Indonesian rainforest would have been lost. Plant breeding in the EU for major arable
crops in the last 15 years has finally contributed to saving scarce water resources
around the globe. Without plant breeding 55 million m3 of water would be additionally needed.
Considering other than major arable crops, i.e. some selected fruits and vegetables
as well as temporary forage crops on the one hand and other breeding objectives
than breeding for yield on the other hand, even more benefits and values of EU
plant breeding can be identified. The specific research findings portray genetic crop
improvements offering more than a substantial contribution towards the availability of food and other agricultural raw materials per se, namely an entire tool-kit for
meeting many, if not most, of the important global challenges agriculture is facing.
Looking ahead, the perspective changes only a bit. Most of the indicators which
have been analysed with respect to plant breeding for major arable crops in the EU
in the last 15 years show an even higher or rather stable value if applied to plant
breeding in the upcoming 15 years, i.e. until 2030. This allows to summarise that
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successfully innovated genetic crop improvements in the EU have been and will be
essential for economic, social and environmental benefits at large scale and should
indeed be considered a highly effective measure for adapting to new and very dynamic settings.
Plant breeders in the EU, however, face a rather challenging policy and regulatory
framework. They have to be encouraged to further and even more invest into new
seed varieties and sophisticated breeding technologies instead of being hindered to
spend the necessary resources. The obviously high societal rates of return plant
breeding investments generate have to be broader acknowledged and politically
supported through proper administration, sound legislation, higher financial support, or overall awareness raising.
The results of this study should help better inform and facilitate an unbiased public debate on the importance of historic, current and future genetic crop improvements for specific socio-economic and environmental objectives. As such, the study
should be considered an initial. Further research has to follow. Analysing the various values and benefits from a more holistic point of view, e.g., would certainly help
to identify additional promising measures targeted at desperately needed future
productivity growth in EU and global agriculture.
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1

Introductory remarks

Agriculture faces various challenges and change processes such as population
growth, changing dietary habits (especially in emerging economies), globalisation
of transport and communication (bringing about as well the transfer of regionally
unwanted flora and fauna), climate change mitigation and adaptation (including
changing patterns of heat, cold and precipitation), an increasing scarcity of fertile
land and other natural resources, etc. (see e.g. Borlaug et al., 2010; Fan et al.,
2011; USDA, 2015b). Having this dynamic perspective in mind, plant breeding as a
science and business of developing and commercialising targeted new crop varieties
is considered essential for successfully meeting the challenges ahead (BSPD, 2013)
and as a major driver of agricultural productivity growth both in the European Union (EU) and on a global scale (Meyer et al., 2013; USDA, 2015b; for a definition of
plant breeding, see additionally Acquaah, 2012; GIPB, 2010).
The associated benefits of plant breeding along with other productivity enhancing
technologies and inputs are obvious. Increasing yields and agricultural productivity
offer higher harvests, better income opportunities for farmers, more food and other
agricultural raw materials for consumers at reasonable prices, the protection of
natural resources and the broader environment, etc. Scientific research, public
opinion and policy-makers have argued likewise (see e.g. Acquaah, 2012; Björnstadt, 2014; BSPB, 2013c; Evenson and Golin, 2003; Noleppa and Cartsburg,
2015a; b; Noleppa et al., 2013; Paulsen, 2014; USDA, 2015b). Science, however, has
missed so far to comprehensively quantify the actual benefits genetic crop improvement undeniably offers.
Making the value of plant breeding clearly visible to the broader public and the
society as a whole is certainly necessary since plant breeders do not only have to
meet important objectives, but do face a challenging environment in terms of politics and regulations. Recent debates on the enforcement of the so-called Nagoya
Protocol and its implementing EU Regulation no. 511/2014 point at additional administrative burdens that may jeopardise the free access to genetic resources for
further breeding efforts (BDP, 2015b; Dieckhoff, 2015). Reluctance to invest into
research in the field of new and better crop varieties may increase due to related
uncertainties and actual costs. This might result in a decelerated breeding progress, especially as many EU plant breeders are small and medium-sized enterprises that may not be able to bear the costs for the necessary resources without
severe adjustments.
Based on this background information the study aims at providing science-based
but well-understandable quantitative and qualitative information on the numerous
benefits plant breeding is offering to societies. More particularly, this research is
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meant to make the socio-economic and environmental value of plant breeding in
the EU and for a rather broad variety of crops quantifiable and, thus, apparent.
The overall working hypothesis of this academic exercise states that modern plant
breeding in the EU (and elsewhere) acts at:
a)

increasing social welfare by generating additional income to farmers as well
as in upstream and downstream industries related to the agricultural value
chain,

b)

providing a greater quantity of less expensive food to meet the rapidly growing needs of the world,

c)

stabilising agricultural commodity markets,

d)

adding jobs and social value to rural areas of the EU,

e)

preserving valuable and scarce natural resources such as habitats and water
reservoirs,

f)

reducing greenhouse gas (GHG) emissions resulting from a decreased expansion of the global agricultural acreage, and

g)

protecting biodiversity around the globe.

This rather complex hypothesis is tested by applying the following organisational
concept of comprehensive assessment. The introductory remarks (chapter 1) are
succeeded by highlighting important aspects of the methodologies applied and data
used (chapter 2). Based on the explanation of prerequisites for a sound analysis,
yield and productivity developments in European farming have to be determined
and the relative importance of plant breeding for overall productivity growth in EU
crop production has to be analysed and quantified (chapter 3). An ex post evaluation of the various values EU plant breeding in past 15 years has offered to farmers, the society and the environment follows (chapter 4). Looking not only back but
also ahead, the potential benefits of future plant breeding activities (until 2030) are
additionally discussed using an ex ante assessment approach (chapter 5). The report is completed with conclusions of the research and recommendations for decision-makers (chapter 6). In addition, various annexes are provided accumulating
more valuable information and details of the research on very specific aspects of
the entire analysis.
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3

Methodological and data considerations

This study aims at providing quantitative data and additional qualitative arguments in favour of the benefits of plant breeding efforts carried out in the EU. Such
benefits are considered to be numerous and related to various economic, social and
environmental aspects. There is definitely neither a “one-fits-all”-methodology nor
an accompanying data base available to satisfy this broad spectrum of particular
analytical needs. Hence, a complex set of methodological tools has to be applied.
The operational concept chosen for this study basically consists of a standard market modelling approach for economic analysis and is accomplished by satellite models for proper social and environmental analysis. The most important features of
these two different but interlinked methodological approaches including supplemented data requirements of these models are briefly described below.

2.1 Analysing elementary economic effects with a market equilibrium approach
A partial equilibrium market model allows to quantify supply, demand and trade
effects of plant breeding in the EU for a variety of crops. Such an equilibrium model can be a powerful analytical tool in terms of country and market coverage as well
as applicable target indicators – if properly applied. It can also be considered a resource-saving method and is, thus, frequently applied in agricultural economics
(see e.g. Nelson et al., 2014; OECD and FAO, 2015; Renwick et al., 2013; Schwarz
et al., 2011; Vannuccini, 2009).
The specific partial equilibrium model used here covers the major arable crops
grown in the EU and has already been described in detail in Noleppa and Hahn
(2013) as well as in Noleppa et al. (2013). Therefore, there is no need to repeat the
entire model syntax and structure. However, a few modifications had to be made
for this particular analysis in order to fit the model to the specific research questions. Major amendments and recent data inputs are as follows:


The regional focus of the model is now attributed to the EU-28, i.e. it includes
Croatia. The EU-28 is modelled as one single region consisting of five subregions. Agricultural supply (production) and demand (consumption) of the
EU interact with other regions of the world to determine a market equilibrium.



The five sub-regions of the applied EU model are mainly defined to analyse
and determine plant breeding impacts on agricultural productivity in a more
detailed way than it would be possible for the EU in general. These sub-

HFFA Research Paper 03/2016

4

HFFA Research GmbH | The economic, social and environmental value of plant breeding in the European Union

regions are described as (1) the “Mediterranean region” (Spain, Italy, Greece,
Cyprus, and Malta), (2) the “Atlantic region” (Ireland, United Kingdom, the
Netherlands, Belgium, Luxembourg, France, and Portugal), (3) the “Baltic region” (Sweden, Finland, Estonia, Latvia, Lithuania, and Denmark), (4) the
“Central region” (Poland, Germany, Austria, Czech Republic, and Slovakia),
and (5) the “South-East region” (Bulgaria, Romania, Hungary, Slovenia, and
Croatia).


The market coverage of the model is specified by a total of nine key arable
crops (respectively groups of crops) grown in the EU, namely wheat, corn,
other cereals, oilseed rape, sunflower seeds, other oilseeds, sugar beets, potatoes, and pulses. According to data of FAO (2015b; c) nearly 70 million ha of
EU agricultural land are covered with these nine key arable crops. This accumulates to almost three quarters of the currently farmed arable land in the
EU (see also Cole and Cole, 2013; Meyer et al., 2013). Thereby, each arable
crop is considered to be homogenous in terms of its (average) quality; i.e.
quality aspects such as the protein content of cereals potentially leading to
food, feed or other uses are not distinguished in the following.



The entire model has been calibrated based on most recent statistical information. In particular data of DG Agri (2014), Eurostat (2015b), FAO (2015a;
c), and OECD and FAO (2015) have been used to determine market supply
and demand quantities and the relevant market prices. It has been structured for the average of the years 2012-2014. This three-year average was
used as calibration input in order to minimise the risk of random shocks
(such as weather extremes) and to make sure that ad-hoc policy decisions
(such as temporary trade restrictions) do not affect the results of the analysis.

This modelling approach allows to calculate the status quo of various target indicators of the analysis and their changes (due to genetic crop improvements in the EU)
and comprises the volumes per market (crop) supplied, demanded and traded, the
market prices, and additional social welfare indicators – i.e. producer surplus (or
farmer income), consumer surplus (or purchaser savings), and monetary value
added to society at market level.
The briefly described partial equilibrium market model is to some extent limited as
it does not cover other than major arable crops and crops that are (usually) considered non-tradeable goods. However, plant breeding also targets other than key arable crops, for example fruits and vegetables as well as green fodder crops (maize,
grasses, etc.). In order to include such crops (markets) in the analysis another type
of an equilibrium model had to be applied – a set of single market models.
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Single market models can be generated and developed by using a comparable data
background and are able to provide almost similar indicator information as a partial equilibrium market model (see e.g. Noleppa and Cartsburg, 2014b). Applying
single market models additionally allows for comparing and approximately aggregating the various (partial and single) model results to be calculated in this study.
Single market models were mainly developed for field and greenhouse tomatoes,
strawberries, green maize, and temporary grasses. Including green fodder plants
into the analysis of plant breeding effects allows to cover almost the entire arable
land of the EU. Necessary input data and additional information were obtained
from the same sources used to calibrate the partial equilibrium model and additional quotations (to be specified during the discussion of the various case studies
below).

2.2 Determining other socio-economic effects with welfare and
multiplier tools
The study does not only aim at analysing economic impacts of plant breeding on
the agricultural market level, but also at assessing its benefits for the rural sector
and the entire economy in the EU. This is attributed to farm input suppliers as
well as downstream food and other industries depending on farmers’ decisions.
Changes of agricultural markets (e.g. variations in crop yields or in agricultural
productivity) reflect more or less immediately in interlinked upstream and downstream sectors of an economy. Against this background, gross domestic product
(GDP) effects (as an indicator for national income changes) and job effects (as an
indicator for employment changes) are of particular interest.
Multiplier analyses permit the assessment of such effects. Multipliers are parameters which reflect the transmission of a particular sector change into an economywide change and have often been applied in agricultural economic analysis (see e.g.
Breisinger et al., 2010; Mattas et al., 2009; Schwarz, 2010). Focussing on multipliers in rural areas of EU member states allows to analyse rural income and rural
employment effects of productive (respectively plant breeding-driven) agriculture
in the EU.
The analysis in this study uses an update of an earlier work on agricultural multipliers of the EU by Noleppa and Hahn (2013). The authors analysed more than 20
mainly peer-reviewed academic articles determining agricultural multipliers in
terms of (rural) GDP and (rural) jobs in the EU and individual EU member states.
Consequently, multipliers visualised in figure 2.1 and also depicted in Noleppa et
al. (2013) will be used in this analysis.
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Figure 2.1: Range of agricultural multipliers of the European Union used
in this study
Identified range of
multipliers (from … to …)

‘Average’ multiplier used
for own analysis

GDP multiplier(s)

1.50 – 1.90

1.70

Job multiplier(s)

1.10 – 1.40

1.25

Source: Own figure based on Noleppa and Hahn (2013) as well as Noleppa et al. (2013).

Thus, it is argued that EUR 1.00 created in EU agriculture due to an innovation in
plant breeding creates an additional EUR 0.70 elsewhere in the rural economy of
the EU. Likewise, one job – measured in annual working units (AWU) of approximately 1 800 working hours per year (Noleppa et al., 2013) – created in EU agriculture establishes an additional quarter of a job upstream or downstream the value
chains in predominantly rural areas of EU member states.
As a methodologically consistent input of the GDP-related multiplier analysis, the
producer surplus is endogenously calculated within the market models and the
agricultural labour force engaged in EU arable farming is taken into consideration.
To determine the latter, EC (2014) data based on most recent information from the
Farm Accountancy Data Network (FADN) of the EU are used.

2.3 Calculating key environmental effects with satellite models
and calculation tools
This study does not only define elementary economic and other socio-economic indicators as target variables but also environmental indicators. Changes in global
resource (land and water) use, GHG emissions and biodiversity have been selected
as relevant environmental parameters. Below they are detected in a stepwise approach using indicator-driven satellite models and calculation tools. These models
and tools as well as related reference data had formerly been explained in detail
and are, thus, just briefly discussed in the following sub-chapter referring to
sources of full explanation.
Detecting changes in the use of global resources: land
The basis for calculating effects of plant breeding on a variety of environmental
indicators is an analysis of the potential range of natural or nature-like habitats to
be converted into agricultural land in the absence of plant breeding innovations in
the EU. This particular analysis is based on a self-developed and meanwhile twice
peer-reviewed virtual agricultural land trade approach (see Kern et al., 2012; Lot-
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ze-Campen et al., 2015). The latest version of this concept also used as a reference
system in other research studies (see e.g., Meier et al., 2014; UNEP, 2015) and the
underlying data are extensively documented in Noleppa and Cartsburg (2015a;
2014a) and do not need to be displayed here again.
The concept allows to calculate how much land the EU uses outside its own territory for agricultural purposes and how much land this would equal in case of a
change in agricultural production and/or consumption in the EU. Against this
background, figure 2.2 displays the status quo to be considered the average of the
EU’s virtual land net exports and imports per commodity of the years 2012-2014
(Noleppa and Cartsburg, 2015a). Accordingly, a total net import of roughly 17.6
million ha can be identified; and this outcome would look different without plant
breeding.
Figure 2.2: Net imports (+) and net exports (–) in virtual agricultural
land of the European Union by crop and livestock commodity,
on average for 2012-2014 (in million ha)
-10

-5

0
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Wheat
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Other Oilseeds
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Eggs
Dairy
Cotton
Total
Source: Own figure based on Noleppa and Cartsburg (2015a).
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Detecting changes in the use of global resources: water
Calculating impacts of plant breeding efforts on agricultural water use requires to
link available production and trade data (transferred from the market models) with
information on regional water footprint data for EU and global agriculture. Such
water footprint data are given by unit of production and reported in Mekkonen and
Hoekstra (2011) for every crop in the focus of this study and each trading partner
of the EU. Thus, the simple combination (multiplying) of trade (import vs. export)
volumes with water footprint data leads to a statement on how much agricultural
water is/will be used domestically and abroad in alternative scenarios (here: with
vs. without genetic crop improvements in the EU).
Noleppa and Cartsburg (2015b) have already calculated the water embedded in EU
agricultural production and trade. Figure 2.3 visualises the outcome for the average of the years 2010-2012 and will be used as a reference for further analysis.
Figure 2.3: Current water embedded in agricultural production and
trade of the European Union, by major arable crops, on average for 2010-2012 (in billion m3)
Arable crop

Wheat

Water used in
domestic
production

Virtual water
internationally
traded

Water embedded in
agricultural
production and trade

151 048

–39 969

111 079

Corn

40 306

3 370

43 676

Other cereals

74 015

–17 611

56 404

Oilseed rape

31 428

10 061

41 489

Other oilseeds

20 862

19 402

40 264

Sugar crops

9 010

3 440

12 450

Potatoes

8 283

0 000

8 283

Pulses

4 167

0 691

4 858

339 120

–20 617

318 503

All arable crops

Source: Own figure based on Noleppa and Cartsburg (2015b).

Considering the arable crop clusters displayed above it becomes apparent that the
EU needs almost 320 billion m3 of agricultural water. However, a distinction has to
be made with respect to water importing and exporting commodities:


Approximately one quarter of the agricultural water used in the domestic
(EU) production of wheat and other cereals is exported to other world regions
(58 billion m3 vs. 225 billion m3).
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In contrast one third of the domestic water used for cultivating corn, oilseeds,
sugar crops, potatoes and pulses in the EU is additionally imported by the region at the cost of water resources of crop-specific trading partners (37 billion
m3 vs. 114 billion m3).

Consequently, the EU virtually net exports some of the water (20.6 billion m3) it
uses in its own production processes (almost 340 billion m3).
Detecting changes in global GHG emissions
All other things being equal and given the fact that worldwide – except in the EU
(see Searchinger et al., 2008; and also below) – more and more land is being used
for agricultural purposes, the extra land the EU would need without plant breeding
innovation would have to come from additional land use changes elsewhere, in particular from converting natural habitats into acreage. Natural habitats which are
not used for farming, however, still serve as a carbon sink. They sequester carbon
and do not release CO2. Knowing where and how much land to be converted, allows
for calculating GHG effects. Regional yields and carbon release factors per converted ha are used for calculating these effects and are obtained from FAO (2015c) and
Tyner et al. (2010). For more details on the entire calculation approach see again
Noleppa et al. (2013).
Detecting global biodiversity losses
The conversion of natural habitats into agricultural land also leads to a loss of biodiversity (see e.g. Firbank et al., 2008; Hood, 2010; Tscharntke et al., 2012). Although measuring biodiversity and its changes is a challenging task (Croezen et al.,
2011; Saling et al., 2014), a variety of methods have already been developed and a
considerable number of biodiversity indicators has been published. All of them appear to have pros and cons and are still in their academic infancy while the scientific debate continues (e.g. HFFA Research, 2016; Wright, 2011). Hence, a generally
accepted science-based indicator of mapping biodiversity and the loss thereof is not
in sight. Therefore, this study applies a pragmatic approach. Two rather dissimilar
indicators are used to cope with the inherent uncertainty in measuring biodiversity:


First, the Global Environment Facility Benefits Index of Biodiversity (GEFBIO) is used (see e.g. UNEP, 2009; Wright, 2011). It is scientifically sound
and reasonable and can be combined with the economic and spatial approaches used here. The GEF-BIO captures the status quo of biodiversity as well as
its changes, and it allows not only for a pure accounting of species but for
mapping a regional distribution of species. Biodiversity, thus, can be calculated at the country as well as the world level. The indicator is frequently used
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meanwhile and starts to be accepted as a standard. It is consistent with the
targets of the Convention on Biological Diversity (CBD) and widely used by
research and international organisations (e.g. World Bank, 2013). The GEFBIO originally developed by Dev Pandey et al. (2006) is a tested composite index of relative biodiversity for individual countries. It is based on the species
represented in a country, their threat status, and the diversity of habitats.
Moreover, the index is easy to handle. It is standardised on the interval {0;
100} (World Bank, 2013). Brazil is defined as the country with maximum biodiversity. Its natural habitats are rated 100. On the other end of the scale is
Nauru, a small island nation in the Pacific Ocean, where only a few sea birds
and insects live while the flora is characterised by coconut palm trees. Other
countries are rated between these extremes.


Second, the National Biodiversity Index (NBI) is applied. This index was developed by the CBD itself (CBD, 2001). It continues to be used in the Global
Biodiversity Outlook Report (CBD, 2014). The NBI is based on estimates of a
country’s richness and endemism in four terrestrial vertebrate classes and
vascular plants which have the same weight in the index. NBI values range
from 1.00 (the maximum value is assigned to Indonesia) to 0.00 (the minimum value is allocated to Greenland). By multiplying all country-specific
values with 100, the NBI can easily be compared to the GEF-BIO.

Deforestation and grassland conversion caused by productivity changes in EU agriculture due to missing plant breeding lead to changes in biodiversity. These changes can be analysed by multiplying the additional land use of the EU in other world
regions with the GEF-BIO or NBI index value of that specific region (per ha).
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Productivity and plant breeding in European arable
farming

Basic requirements for the entire analysis of this study are to examine the yield
development in EU-28 agriculture and to determine a productivity impact solely
caused by plant breeding in all EU member states for shifting agricultural supply.
This can be achieved by using a gradual approach as described below.

3.1 Analysis of yield developments since the turn of the millennium
Based on FAO (2015c) data and for the nine core arable crops of this study, figure
3.1 displays the yield developments in EU farming since the year 2000 using comparable index values.
Figure 3.1: Yield developments in arable farming of the European Union,
2000-2013 (in index points, 2000 = 100) (to be continued)
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Source: Own calculations and figure based on FAO (2015c).
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Figure 3.1: Yield developments in arable farming of the European Union,
2000-2013 (in index points, 2000 = 100) (continued)
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Source: Own calculations and figure based on FAO (2015c).

From the graphs and from annex A that provides similar information for each of
the defined five sub-regions of the EU it becomes obvious that the yields of all crops
have increased over time. However, high fluctuations per annum point at the volatility of crop production and its dependence on external factors such as weather
conditions. Plotting an exponential trend line for each of the nine crops considered,
however, allows to abstract from such influences and to determine an average annual percentage increase in yields. Figure 3.2 visualises the results for the EU as
an aggregate of its 28 member states.
Figure 3.2: Yield growth in arable farming of the European Union,
2000-2013 (in percent per annum)
Wheat

Corn

Other
cereals

Oilseed
rape

Sunflower
seeds

Other
oilseeds

Sugar
beets

Potatoes

Pulses

0.84

1.26

0.94

0.98

2.15

0.19

2.46

1.85

1.77

Source: Own calculations and figure based on FAO (2015c).

The current yield growth rates per annum for major arable crops in the EU vary
between approximately 0.18 percent (other oilseeds) and 2.46 percent (sugar beets).
Weighing the arable crops listed with their acreage, an average yield growth rate of
just 1.10 percent can be specified for the EU since the turn of the millennium. This
corresponds to other analyses for the EU and recent years with all of them stating
that average yields tend to increase at rates of approximately 1.00 percent (see e.g.
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Kirschke et al., 2011; Piesse and Thirtle, 2010; Spink et al., 2009). Hence, these
rates are far away from what is globally needed (more than 2.0 percent per year) to
satisfy current and forthcoming agricultural demands (see e.g. Jaggard et al., 2010;
Ray et al., 2013).
Accordingly, it has to be noted that yield growth rates of the past are history and
that the increase of crop yields is slowing down although land productivity in the
EU is still increasing. This is consistent with other scientific findings, e.g. by de
Ribou et al. (2013), Fan et al. (2011), Foley et al. (2011), Fuglie and Wang (2013),
Gressel (2008), Laidig et al. (2014), and Meyer et al. (2013), who all argue that crop
yield growth is diminishing, especially in developed countries such as the EU and
its member states.
Yield growth rates in the EU not only differ per crop, but also per region. This becomes apparent by looking at figure 3.3. Accordingly, it can be stated that in the
majority of the displayed cases positive yield growth rates can still be observed.
Only three out of 45 crop-region combinations included in the matrix show a negative yield growth rate.
Figure 3.3: Yield growth in arable farming of the European Union,
by sub-region, 2000-2013 (in percent per annum)
Mediterranean
region

Atlantic
region

Baltic
region

Central
region

South-East
region

Wheat

1.94

0.09

–0.02

0.99

1.87

Corn

0.38

0.69

1.05

0.81

2.27

Other cereals

0.87

0.31

1.07

1.07

1.71

Oilseed rape

3.32

0.96

1.56

0.96

3.40

Sunflower seeds

0.88

0.03

0.00

0.78

4.18

–0.60

2.30

9.91

1.64

2.30

Sugar beets

2.65

2.18

2.28

2.28

2.65

Potatoes

1.13

0.50

2.73

2.08

0.83

Pulses

6.92

–1.60

1.75

1.18

5.88

Other oilseeds

Source: Own calculations and figure based on FAO (2015c).

Yield growth rates for the five case-study crops – field and greenhouse tomatoes,
strawberries, green maize, and temporary grasses – to be additionally included into
this research shall briefly be discussed too. FAO (2015c) data also used above indicate that the yield of green maize has grown by 2.09 percent per annum in the EU
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since the turn of the millennium. Land productivity in strawberry production has
risen on an annual base by 1.24 percent, and the yield of tomatoes has increased at
a rate of almost zero (0.02 percent per year).
However, the FAO (2015c) data base does neither distinguish between greenhouse
and open field tomatoes nor does it include temporary grasses. For these crops additional data had to be obtained from Eurostat (2015b), which provides a second
best but unfortunately often incomplete and sometimes only fragmentary data base
with respect to crop yields. From available data and information the following approximate conclusions can be drawn:


The yields in field tomatoes production in the EU have increased by 0.06 percent per annum indicating that the yields in greenhouse tomatoes production
have not grown at all. In fact, it is only a few EU member states that continuously provide statistical data on yields in greenhouse tomatoes production.
Accordingly, it may be stated that the specific annual yields in most recent
years have slightly grown in some countries, e.g. in France (0.9 percent) and
the Netherlands (0.1 percent), while they remained stable in Ireland (0.0 percent) and have gone down to some extent in other countries, e.g. in Austria
(0.1 percent). By and large neither a remarkable positive nor a significant
negative yield trend has become apparent in EU’s (greenhouse) tomatoes production.



Due to very few data in Eurostat (2015b), annual yield growth rates for temporary grasses could only be assessed for 16 member states, but not for the
EU as a whole. The results (expressed as annual yield growth rates) are listed
in alphabetical order: Austria 0.7 percent, Belgium –0.6 percent, Bulgaria
–1.0 percent, Croatia –0.6 percent, Denmark 2.3 percent, Estonia 0.9 percent,
France 0.3 percent, Germany –1.6 percent, Hungary 6.9 percent, Lithuania
4.0 percent, Luxembourg 0.7 percent, Poland 4.3 percent, Romania 3.3 percent, Slovakia 4.4 percent, Slovenia 1.2 percent, and Spain 7.0 percent.
Pragmatically using the arithmetic mean, an average yield growth of 1.9 percent per annum might be concluded.

Summarising the key findings with respect to the case study crops, the following
yield growth rates will be used for further analyses taking into consideration the
uncertainties associated with the comparably poor data background: field tomatoes
0.1 percent, greenhouse tomatoes 0.0 percent, strawberries 1.2 percent, green
maize 2.1 percent, and temporary grasses 1.9 percent.
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3.2 Calculation of total factor productivity growth
Considering the complexity of managerial and technological processes applied in
agriculture, observable yield improvements are usually a multifactorial outcome.
By using long-term observations the influence of weather phenomena can be minimised, but yields can still be induced by agricultural intensification or innovation
respectively (see e.g. Sayer and Cassman, 2013). Considering the term “agricultural intensification” essentially referring to a process where inputs of capital and/or
labour are increased to raise the productivity or yield of a fixed land area (see Börjeson, 2010), one might say in other words: Higher yields depend on more input per
ha of land and/or better inputs applied on a given area.
Economic assessments use the “total factor productivity” (TFP) indicator to indicate which parts of observed changes in productivity are caused by innovation and
should not be related to increased (or decreased) factor use intensities (see e.g. Lotze-Campen et al., 2015). Numerous theoretical and pragmatic applications of the
TFP concept allow to state that this approach is standard in socio-economic science
and particularly in agricultural economics (see e.g. Alston and Pardey, 2014; Ball
et al., 2013; Fuglie and Toole, 2014; Fuglie, 2013; Piesse and Thirtle, 2010).
This study particularly counts on the peer-reviewed approach recently developed
by Lotze-Campen et al. (2015) proving to be genuine since it allows to abstract from
land as a production factor. Thus, it allows to directly compare TFP growth rates
with changing yields per ha, to simplify the calculation process and to approximately determine TFP for specific crops. Accordingly, a ha-related TFP change rate
can be calculated as follows:
(1)

dTFP/TFP = dQ/Q – (DI/I) *SI – (dL/L) * SL

with: Q = index of production (i.e. yield), I = index of all intermediate inputs used
(e.g. volumes of fertilisers, plant protection products, machinery, etc.), L = index of labour input, and S = expenditure shares of the specific production factors (excluding land).
Looking at equation (1), it becomes apparent that weighted change rates with respect to the various input factors (other than land) need to be subtracted from yield
changes in order to come up with meaningful TFP growth rates. Developments in
factor use consequently need to be incorporated into the analysis.
Although not necessarily needed to calculate meaningful TFP growth rates in accordance with equation (1) but in order to be as comprehensive as possible within
this study, the discussion starts with growth rates in the use of arable land, defined as all land under temporary agricultural crops, temporary meadows for mow-
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ing or pasture, land under market and kitchen gardens and land temporarily fallow (FAO, 2015b). Figure 3.4 displays the change in the use of arable land for the
EU since the year 2000.
Figure 3.4: Use of arable land in the European Union, 2000-2012
(index, 2000 = 100)
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Source: Own calculations and figure based on FAO (2015b).

As visualised by the figure and stated above the use of arable land in the EU has
decreased over time to more than six percent below the acreage managed by farms
around the year 2000. This is different from other world regions, where acreage has
continuously increased (see e.g. Searchinger et al., 2008), and may simply be related to at least three well-known facts:


a strong impetus within the EU to maintain the share of permanent grassland,



a publicly desired and policy-induced saving of land for various environmental schemes and



a conversion of agricultural land towards infrastructure and urban settlements.

This means arable land has become a scarce resource in the EU. Since 2000 approximately 0.5 percent of arable land have been lost year by year. This trend, by
the way, can be observed in all five sub-regions of the EU as figure 3.5 visualises
and occurs despite a partial conversion of grassland into arable land in some regions due to bio-energy policies (see e.g. Pedroli et al., 2013). Accordingly, the nega-
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tive trend in arable land use is the highest in the Mediterranean region (–1.0 percent); and it is obviously less pronounced in the Atlantic region (–0.1 percent). For
compensating associated production losses, not only yields per se but particularly
TFP generated by factor-related innovations, i.e. fully in accordance with the
mathematical syntax of equation (1), need to be increased in the EU.
Figure 3.5: Change rates in the use of arable land in the European Union,
2000-2012 (in percent per annum)
Mediterranean Atlantic

Baltic

Central

South

EU

0.0
-0.2
-0.4
-0.6
-0.8
-1.0
Source: Own calculations and figure based on FAO (2015b).

Based on official statistical data and additional expert knowledge as well as trend
extrapolations for missing data, the use of intermediate inputs and labour in EU
arable farming in recent years can be described as depicted in figure 3.6 (similar
information for the five sub-regions of the EU is provided with annex B).
Altogether, the EU as a whole was able to considerably reduce its use of specific
agricultural inputs. By plotting exponential trend lines it can be stated that labour
use – measured in AWU engaged in arable farming – went down by 3.1 percent per
annum. Fertiliser use – being the sum of consumed nitrogen fertilisers, phosphate
fertilisers and potash fertilisers – decreased by 1.1 percent per year, and the use of
plant protection products – covering herbicides, insecticides and fungicides – slightly fell at an annual rate of 0.6 percent. Contrary to that, machinery use increased a
bit, i.e. by 0.7 percent per annum.
Weighting the various change rates of the specific intermediate inputs and labour
with the individual input share of these production factors obtained from EC (2014)
as well as Wang et al. (2012) results in the growth rates of overall input use (ex-
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cluding land as an input) in arable farming of the EU and its sub-regions displayed
in figure 3.7.
Figure 3.6: Use of intermediate inputs and labour in arable farming of
the European Union, 2000-2013 (index, 2000 = 100)
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Source: Own calculations and figure based on Eurostat (2015b) and FAO (2015b) as well as EC
(2014), Fertilizers Europe (2014), and KTBL (2014a).

Figure 3.7: Growth rates of input use in arable farming of the European
Union, 2000-2013 (in percent per annum)
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Source: Own calculations and figure based on Eurostat (2015b) and FAO (2015b) as well as EC
(2014), Fertilizers Europe (2015), KTBL (2014a) and Wang et al. (2012).
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The use of production factors such as plant protection products, fertilisers, tractors
and other machinery, as well as labour decreased at a rate of 0.6 percent per year
in EU arable farming. This means, agricultural production on available acreage in
the EU as a whole has not intensified since the turn of the millennium taking into
consideration not only selected but all other major inputs, including labour. This is
particularly noteworthy as public belief often claims an ongoing intensification of
agriculture in the EU (see e.g. Hird et al., 2010; UBA, 2015b).
Using the statistical data and export knowledge available, it is also remarkable
that not all the five defined sub-regions of the EU have reduced their overall use of
intermediate inputs and labour. Region-specific and input-specific growth rates
definitely differ a lot (see also annex B) and highlight that few inputs are nowadays
used more intensively than in the past, at least in some EU member states. Analysing this obvious heterogeneity and the underlying procedures in more detail, however, exceeds the scope of this study.
According to equation (1), the share-weighted input growth rates displayed in figure 3.7 have to be subtracted from yield growth rates (see figures 3.2 and 3.3) to
calculate meaningful TFP growth rates for EU arable farming. Figure 3.8 provides
the result of such a data transformation for the EU as a whole and highlights that
crop-specific TFP growth in recent years has varied between almost 0.8 percent
and slightly more than 3.0 percent.
Figure 3.8: Total factor productivity growth in arable farming of the
European Union, 2000-2013 (in percent per annum)
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Source: Own calculations and figure.

Weighted by acreage, TFP growth in arable farming of the EU has amounted to
around 1.7 percent per annum on average since the year 2000. Hence, the real
productivity growth has been larger than increasing yields may indicate because
not necessarily more but first of all better inputs have been used.
The just identified level of 1.7 percent TFP growth per annum can and should be
compared with other recent scientific research findings:


Rungsuriyawiboon and Lissitsa (2006) calculated TFP growth rates for EU
agriculture for the years 1992-2002. They suggest an average growth of 2.2
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percent for the then EU-15 and 2.7 percent for the aggregate of the ten countries approaching the EU shortly after the millennium.


Findings from USDA (2014) state a similar range. The authors arrived at the
conclusion that the TFP growth rate in EU agriculture in the first decade of
the 21st century was slightly higher than 2.0 percent.



In contrast to that Domanska et al. (2014) argue that the TFP growth rate in
EU agriculture for the years 2007-2011 amounted to 1.0 percent only.



Even lower are most recent estimates of DG Agri presented by Haniotis
(2013), who came to the conclusion that the TFP growth rate in EU agriculture over the past decade amounted to around 0.6 percent per year.



Results obtained from Wang et al. (2012) finally highlight latest yearly agricultural TFP growth rates in EU member states of around 1.5 percent.

Considering this evidence a “stress test” of own calculation efforts, it can be stated
that the “average” TFP growth rate computed here generally “fits” the broader academic consensus, which is still framed by methodological shortcomings and various data uncertainties (Matthews, 2014). It obviously ranges within the identified
interval of other scientific findings as visualised in figure 3.9 and may, thus, be
used as a robust result enabling further analysis.
Figure 3.9: Own and other scientists’ total factor productivity growth
rates for EU agriculture and arable farming (in percent per
annum)
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3.3 Determination of the relative importance of plant breeding for
productivity growth in agriculture
Considering the derived TFP growth rates an appropriate measure to discuss “real”
productivity growth in EU arable farming, improvements in factor use are the key
factor for explaining associated productivity gains. Focussing on the topic of this
study, these improvements can still be borne by innovations in plant breeding on
the one hand and by advances in crop nutrition, crop protection, irrigation, machinery, etc. on the other hand (see also Jaggard et al., 2010; Meyer et al., 2013;
Rijk et al., 2013; Spielman and Pandya-Lorch, 2010). In order to allow for assessing
the special importance of plant breeding for productivity growth in crop production
it is necessary to distinguish the relative importance of plant breeding innovations
from comparative contributions of other improved agronomic practices, i.e. better
crop management through fertilisation, weeding, irrigation, etc.
There is scientific consensus that plant breeding played a major role in increasing
yields and overall TFP in the past. Academics arrived at the following conclusions
when it comes to assess the special importance of genetics for agricultural productivity in crop production in the EU or other developed countries until the turn of
the millennium:


Analysts of the Food and Agriculture Organization (FAO) of the United Nations argue that remarkable contributions in increasing yields came from
plant breeding (GIPB, 2010). Approximately 50 percent of all crop productivity increases over the last century were attributed to better genotypes accordingly.



Andersen et al. (2015) arrive at a similar conclusion referring to the second
half of the 20th century only and to Denmark where plant breeding on the one
hand and improved growing methods on the other hand have contributed
equally to productivity growth in crop production.



The 50 percent “criterion” referring to decades of the past century is also supported by scientific findings of Araus et al. (2008), Duvick and Cassman
(1999), Friedt and Ordon (1998), McLaren (2000), and Monneveux et al.
(2013) who analysed the particular importance of plant breeding in a European context and/or for U.S. arable cropping schemes.



More specific figures on plant breeding impacts per crop are provided e.g. by
Silvey (1994). In a United Kingdom context, the author arrived at the conclusion that the proportion of the land productivity changes attributable to plant
breeding was nation-wide 47 percent for wheat and 55 percent for barley.

HFFA Research Paper 03/2016

22

HFFA Research GmbH | The economic, social and environmental value of plant breeding in the European Union



With respect to maize in U.S. arable cropping systems, a 50 percent or 58
percent respectively contribution of plant breeding towards productivity increases was concluded following proper analysis by Reilly and Fuglie (1998)
and Scott and Jaggard (2000). This dimension is supported as well by analyses discussed in Duvick (2005).



However, the identified impact of plant breeding for productivity increases in
sugar beets production in last decades of the past century is obviously slightly
lower. According to Jaggard et al. (2007) as well as Scott and Jaggard (2000)
better genotypes contributed between 30 and 47 percent in a United Kingdom
context.

All in all, a 50 percent “ratio” with respect to the share of plant breeding in productivity growth in crop production may be assumed while looking at past decades of
the last century. Bridging to the turn of the millennium, a few more recent academic studies and other reports provide additional and partly remarkable insights into
ongoing developments:


While arguing that plant breeding contributed around 50 percent to crop
productivity gains in agriculture between the years 1947 and 1982 (focussing
on yield increases of cereals in the United Kingdom), BSPB (2013c) also state
that the contribution of plant breeding to cereal land productivity gains has
increased to more than 90 percent since 1982.



Referring to wheat, this dimension is also supported by Fischer and Edmeades (2010) as well as by Mackay et al. (2009) and Webb (2010).



Fischer and Edmeades (2010) similarly argue for corn that genetics have
most recently contributed around two thirds of observable productivity
growth.



An almost similar argument results from Björnstadt (2014). The author also
argues that 50 percent of crop productivity growth in Nordic countries since
the end of World War II have been attributed to better genotypes and the
other 50 percent to better managerial options. However, Björnstadt (2014)
has also shown that the particular importance of plant breeding vs. other innovations increased over time. In arable farming of Nordic countries such as
Finland, Sweden and Norway it amounted to 29 percent between 1946 and
1960, 43 percent between 1960 and 1980, and noteworthy 89 percent in the
time period 1980 to 2005.



The increasing importance of plant breeding for productivity growth over
time was also highlighted by Lege (2010) and Ahlemeyer and Friedt (2010).
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It also becomes visible when comparing the research of von Witzke et al.
(2004) with its succeeding study (Noleppa and von Witzke, 2013) dealing with
plant breeding in Germany. Before the millennium, an average importance of
plant breeding for productivity in German crop production of 50 percent was
concluded having increased to 75 percent by now.

Currently the importance of plant breeding is obviously ranked well above 50 percent by most scientists, who have mainly focused their specific research on the EU
and its member states. The following findings of scientific literature are as well
worth being emphasized:


According to Carter et al. (2015), at least 88 percent of land productivity improvement in wheat should be considered a factor of breeding. Following the
authors’ arguments, genetic improvements are responsible for up to 92 percent of productivity growth in other small grains, but still only around 50 percent in sugar beets, pulses and forage crops.



Crosbie et al. (2006) argue that 56 to 94 percent of productivity growth in
maize shall be attributed to better genotypes.



The relative importance of plant breeding is also high in Norway with respect
to barley. According to Lillemo et al. (2010), it has amounted to around 78
percent in recent decades.



Barley as a crop was also dealt with by Rijk et al. (2013) in a Dutch context.
According to their research, an average contribution of plant breeding to
productivity improvements in barley production of 67 percent should be envisaged. For other crops it is higher reaching 77 percent in wheat. However, it
is lower with potatoes (65 percent) and sugar beets (52 percent).



Another statement on the plant breeding importance for productivity growth
in potatoes comes from Bradshaw (2009), who argues that 58 percent should
be devoted.

Research findings of a study recently conducted by Laidig et al. (2014) are finally
reviewed. The authors looked at genetic vs. agronomic innovations in crop performance distinguishing different levels of factor use intensity in a German context.
Using the average of the manifold study outcomes, the following can be concluded:


99 percent of productivity progress in wheat are currently attributed to genetic improvements.



These particular innovations account for 75 percent of productivity gains in
barley production and 87 percent in rye production.
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Oilseed rape productivity as well is significantly affected by plant breeding
efforts. The relative importance can be rated to 95 percent.



Just in sugar beet production the importance of plant breeding for productivity gains is assessed lower, i.e. approximately 40 percent in recent years.

According to Björnstadt (2014) the role of genes will further increase with less inputs applied in precision agriculture. This statement is also supported by Meyer et
al. (2013), Monneveux et al. (2013) as well as Wood et al. (2013). All of them claim
the importance of plant breeding for further productivity progress to remain major
and potentially increase.
Considering academic literature and the obviously broad consensus in science it
becomes apparent that plant breeding across all arable crops in the EU has a tremendous impact on productivity in arable farming. In the last century, genetic improvements were responsible for at least half the progress made. Since the turn of
the millennium this importance (ratio) has considerably increased.
Further analysis requires to summarise the various research findings listed above
and make a decision on the TFP growth share of plant breeding taking into account
still existing uncertainties. Using a simple scoring approach share values of 50, 60,
70, and 80 percent are attributed to the major arable crops in the focus of this
study. Figure 3.10 displays the values selected, which are within the spectrum
identified from academic literature and, thus, certainly do not tend to overestimate
the importance of plant breeding for agricultural productivity in the EU.
Figure 3.10: Total factor productivity growth shares of plant breeding used
in further analysis (in percent)
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To take an example: The TFP shares for small grains determined and consequently
used here are 80 percent (for wheat) and 70 percent (for other cereals) respectively.
However, the quotations listed above would have allowed to use 90 percent or 80
percent shares respectively.
Weighting the nine arable crops listed with their acreage, an average TFP growth
share of plant breeding in the EU of 74 percent applies. This is fully in line with
Lotze-Campen et al. (2015), who suggest a share of 75 percent (in a German context).
This fact-based decision allows to determine the annual impact of genetic crops
improvement on overall productivity in arable farming of the EU. The TFP growth
rates displayed in figure 3.8 need to be multiplied with the percentage shares just
defined. Figure 3.11 visualises the outcome of this simple algebraic transformation
and compares resulting impacts with real yield growth per crop in EU arable farming.
Figure 3.11: TFP growth due to plant breeding vs. yield growth in arable
farming of the European Union, 2000-2013 (in percent per
annum)
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It gets obvious that the average productivity growth in arable farming of the EU is
slightly higher than the real yield growth, i.e. 1.24 percent vs.1.10 percent showing
that occurring breeding progress could not fully be materialised on the field due to
other circumstances and confirming the findings of e.g. Jaggard et al. (2010), Mey-
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er et al. (2013), and Monneveux et al. (2013), who all argue that yield gaps are
(partly) widening.
This study is not meant to find about these other framework conditions. However,
it can be assumed that a mixture of different factors like changing climate conditions, policy conditions partly restricting the use of new seeds and other sophisticated and productivity enhancing technologies providing crop nutrients and disease
control, a gradual move towards bigger acreage under ecological farming conditions
(with considerably lower yields) has contributed. For wheat, e.g., showing the most
remarkable difference between productivity growth obviously induced by plant
breeding and real yield growth in the EU (1.15 percent vs. 0.84 percent) a substantial nutrient deficit in Eastern European member states of the EU was identified
(Meyer et al., 2013); resistance problems may play a particular role herein, too, and
might lead to the spatial use of varieties more resistant against fungi, e.g., but less
strong in yield increase (Jones, 2015); in addition wheat acreage has remarkably
increased probably leading to the fact that rather poor quality soils moved into
wheat production (Eurostat, 2016).
For the five minor case study crops (field tomatoes, greenhouse tomatoes, strawberries, green maize, and temporary grasses) the study findings on the identified
yield and TFP changes as well as contributions of plant breeding towards productivity gains can be summarised as follows:


Chapter 3.1 has already given insights into yield developments. Accordingly,
it can be stated that for the EU in total and per annum land productivity in
the case of field (greenhouse) tomatoes has risen by 0.1 (0.0) percent, with
strawberries by 1.2 percent, with green maize by 2.1 percent, and with temporary grasses by 1.9 percent since the year 2000.



Specific input data for calculating TFP growth rates could neither be obtained
from official statistical data nor was the academic literature review able to
identify reliable information. Thus, it is defined in the following that TFP
growth rates relating to the five minor crops are 0.6 percent higher than corresponding yield growth rates. This reveals what has been concluded above
for the major arable crops and the EU on average.



Plant breeding for all the five case-study crops is assessed to contribute a rather low 50 percent share to TFP growth. As mentioned above this has been
backed up by science for forage crops (see again Carter et al, 2015). Also Lee
and Tollenaar (2007) associate a value of not more than up to 60 percent to
(green) maize. In addition, Fooland (2007) argues in terms of tomatoes that
on average half of the increase in crop productivity is attributed to cultivar
improvements through plant breeding. A share of almost 50 percent with re-
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spect to tomatoes is also mentioned by Nikolla et al. (2012). Reliable scientific
data on strawberries have not been found.
Figure 3.12 summarises these findings and shows that plant breeding is assumed
to contribute between 0.3 percent (tomatoes) and 1.3 percent (green maize) annually to specific crop productivity in the EU.
Figure 3.12: Yield, TFP growth and TFP growth due to plant breeding for
case study crops of the European Union, 2000-2013 (in percent
per annum)
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4

The value of plant breeding in the European Union
since the turn of the millennium

Analysing the value of plant breeding in and for the EU requires to specify a scenario on the status quo in arable farming without productivity increases due to
plant breeding in the last 15 years (2000-2014). The methodology particularly insists the initial market models outlined in chapter 2 to be shocked with an impulse
describing crop productivity without plant breeding. This shock or shift factor simulates a relative initial production loss and equals the productivity loss expressed
as the percentage to be calculated by accumulating the average annual TFP growth
due to plant breeding (see figures 3.11 and 3.12 ) for the entire time horizon (here:
2000-2014) and subtracting the resulting arithmetic product from 100 percent.
The various analyses based on this calculation are discussed for the nine core arable crops first. The other five case study crops – field tomatoes, greenhouse tomatoes, strawberries, green maize, and temporary grasses – are assessed at the end of
chapter 4. Consequently, figure 4.1 displays the simulated initial production loss
without plant breeding in the EU in the last 15 years for the major arable crops.
Figure 4.1: Simulated current production loss in arable farming of the
European Union without plant breeding for major arable
crops in the last 15 years (in percent)
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A remarkable drop in arable production equal to more than 16 percent of current
production would have occurred across all arable crops. Inversely rated, EU agriculture today produces 20 percent more on arable land than without the plant
breeding successes of last 15 years. Alternatively occurring production losses would
have been highest with sunflower seeds (–25 percent), around one sixth in cereal
production (approximately –16 percent), and comparably low with the other
oilseeds (–8 percent).

4.1 Socio-economic values of plant breeding for major arable crops
Such initial production losses would certainly affect markets. International commodity prices would change and might set alternative incentives for domestic market supply and demand leading to changing monetary outcomes for farmers, consumers, but also the society on the whole. Social implications might be expected as
well. Below, these effects are highlighted step by step for the nine core arable crops
covered.
Before displaying the results it must be noted that the following discussion is arguing in positive terms, i.e. discussed effects are related to the fact that plant breeding in past 15 years allowed to increase agricultural productivity and gain more
produce from arable land rather than debating what would have been lost in the
absence of induced genetic crops improvements. The methodological approach using the potential loss to find a new market equilibrium within the models, thus,
requires shifting the interpretation of respective results, namely negative signs get
positive, positive signs get negative.
Additional crop supply
From the modelling exercise it can be concluded that plant breeding in the EU
since the year 2000 has allowed to supply additional volumes of crops as depicted
in figure 4.2:


For grains on the whole the supply effect is almost 47 million tons.



Approximately one half of it is accounted for by wheat, what is not that surprising as wheat is the most important crop in EU arable farming and heavily
influenced by numerous plant breeding activities in various member states.



Oilseeds aggregate to an additional 7 million tons.



Sugar beets add 4 million tons of raw sugar, the volume of potatoes is 10 million tons larger and pulses additionally contribute more than 1 million tons.
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Figure 4.2: Additional current arable crop supply of the European Union
with plant breeding for major arable crops in the last 15
years (in million tons)
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Increased world food availability
Looking at the nutrient content of the supply increase caused by plant breeding in
the EU in the last 15 years enables to calculate an interesting social impact, i.e. the
effect on global food availability (all other things – namely food access conditions –
being equal).
According to FAO (2014), an average person on earth consumes 2868 kcal, 80
grams of vegetable proteins and 83 grams of vegetable oil per day. Given the cropspecific nutrient content (see again FAO, 2014) the additional supply displayed in
figure 4.2 provides enough carbohydrates for more than 160 million humans,
enough vegetable proteins for more than 200 million people, and vegetable oils for
approximately 110 million humans as depicted in figure 4.3 – if the additionally
produced volume becomes fully usable in world regions where it is really needed.
Being aware that currently almost 800 million people are malnourished in terms of
calories and 1.9 billion people suffer from one or the other (micro-)nutrient deficit
(Heddad, 2015), plant breeding in the EU is stated to have considerably contributed to improve this very unsatisfactory situation.
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Figure 4.3: Additional current potential global food supply for world
population with plant breeding for major arable crops in the
European Union in the last 15 years (in million humans)
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Avoided price increases
A rather high market supply volume does not only create a benefit in terms of
world food security, but additionally enables consumers around the globe to buy
food and agricultural raw materials at affordable prices. It is generally accepted
that the long-term trend of declining agricultural commodity prices has come to an
end and that future prices of agricultural commodities and, thus, food will be
(much) higher than in the past (see e.g. Irwin and Good, 2015; Kirschke et al.,
2011; USDA, 2015a). Against this background, figure 4.4 depicts the market price
effect of plant breeding in the EU since the turn of the millennium, i.e. the avoided
price increases.
By and large, prices at international agricultural commodity markets would have
been 3 to 10 percent higher without plant breeding in the EU during the last one
and a half decades than they are at present. The avoided price increase is highest
(9.8 percent) in other cereals, a rather narrow world market with the EU as a major player involved (keyword: barley). It is lowest (2.6 percent) in other oilseeds
(mainly soybeans), which should be considered a rather huge market in terms of
traded volumes with comparably little affected supply coming from the EU. This
tendency of lowering prices, however, should not be considered a negative farming
incentive occurring from plant breeding activities. Despite lower prices, revenues
increase with genetic crop improvements due to the fact that increasing production
volumes overcompensate (see figure 4.1 above and figure 4.7 below).
Additionally it may be stated that in times of increasing agricultural commodity
prices plant breeding contributes to price stabilisation. Larger tradeable volumes
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(with plant breeding in the EU in the last 15 years) tend to lower market volatility.
Comparably full stocks function as shock absorbers and could be better built once
larger production volumes are principally available. In fact, agricultural commodity
prices tend to be rather volatile for a number of reasons (inelastic markets, weather phenomena, plant diseases, ad-hoc policy decisions such as export stops and import bans, etc.). In such an environment genetic improvements and, thus, higher
market volumes help keep price volatility low (see also Wright, 2010).
Figure 4.4: Avoided price increases on world agricultural markets with
plant breeding for major arable crops in the European Union
in the last 15 years (in percent)
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Additional gross value added
From a national account point of view, changes in societal welfare may serve as a
proxy for discussing changes of the gross value added. The current social welfare
effect – from an analytical and modelling perspective the sum of so-called producer
surpluses and consumer surpluses – of plant breeding in the EU between the years
2000 and 2014 for the arable crops included in the analysis and in total is listed in
figure 4.5. The total social welfare gain for the analysed crops amounts to almost
EUR 9.0 billion. Wheat does have the largest effect again. More than one third of
the total social welfare gain is attributable to this crop. Other grains and sugar
beets contribute more than EUR 2.0 billion each. Oilseed crops add a total of more
than EUR 1.0 billion.
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Figure 4.5: Current social welfare gains in the European Union with
plant breeding for major arable crops in the last 15 years (in
billion EUR)
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According to latest available information, the gross value added in agriculture of
the EU totals approximately EUR 160 billion (Eurostat, 2015a) implying that this
number would have been almost 6 percent lower without plant breeding just for
major arable crops in the EU since the turn of the millennium. This approximately
equals the gross value added of the agricultural sector in Poland (Eurostat, 2015a).
It becomes clear that genetic crops improvements have a strong economic impact
what is also supported by conclusions of other scientists (see e.g. Andersen et al.,
2015; Björnstadt, 2015). According to their findings investments into plant breeding activities definitely payoff in economic terms, i.e. offer (very) high returns on
investments not only from a private but also from a societal perspective (BSPB,
2013c; GIPB, 2010; Lotze-Campen et al., 2015; Noleppa and von Witzke, 2013).
Rural income (GDP) and employment (jobs) effects
Plant breeding does not only benefit the society on the whole. It particularly creates an economic value for farmers and rural citizens since it tends to increase income and labour in rural areas. This is emphasised by the following qualitative
arguments and quantitative calculation results.
Starting point for the income analysis to be conducted is the producer surplus additionally generated through plant breeding. To be methodologically consistent, this
surplus is considered an approximation of the agricultural GDP. According to the
modelling exercise it should be valued slightly above EUR 8.5 billion.
Applying now the GDP multiplier presented in figure 2.1, monetary effects upstream and downstream the agricultural value chains can be defined and the calculation of the impact of plant breeding on the entire GDP of the EU becomes operational. Figure 4.6 depicts this additional economy-wide GDP at present generated
by better crop varieties since the turn of the millennium.
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This additional economy-wide GDP is the sum of the additional agricultural GDP
(EUR 8.523 billion) and the GDP additionally generated in upstream and downstream industries of the various agricultural value chains mainly located in rural
areas of the EU (EUR 5.966 billion). It amounts to almost EUR 14.5 billion. This
monetary value approximately equals the GDP of Albania (IMF, 2015), a country
trying to approach the EU in not too many years from now.
Figure 4.6: Current annual gross domestic product impact on the European Union with plant breeding for major arable crops in the
last 15 years (in billion EUR)
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In the context of socio-economic effects of plant breeding, the income effect of genetic crops improvements shall finally be analysed for labour directly engaged in arable farming and cultivating the crops under consideration. Such crop-specific activities comprise tillage, sowing and drilling, monitoring, applying fertilisers, irrigation, pest management, harvesting, transport of primary and secondary products
from the field, and other area-related management efforts. For calculating the effect, information obtained from the FADN based on EC (2014) is used and double
checked by KTBL (2014a) information.
Growing the nine arable crops under consideration in the EU affects approximately
1.2 million AWU. Dividing above-mentioned producer surplus of slightly more than
EUR 8.5 billion by these 1.2 million AWU yields the following result. Plant breeding for arable crops in the EU since the turn of the millennium has generated an
additional annual income of almost 7 000 EUR/AWU compared to a situation with
no plant breeding for years.
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This is quite remarkable since latest information on the annual farm net value
added (FNVA) (the comparable income indicator within the FADN) suggests an
average income in crop cultivation of 24 950 EUR/AWU in the EU (EC, 2014).
Hence, without plant breeding in the EU since the year 2000 the FNVA would have
been around 18 000 EUR/AWU or 70 percent of the current income even if present
direct payments had continuously been transferred and other income components
had remained stable. This is visualised in figure 4.7.
Figure 4.7: Income induced by plant breeding for major arable crops in
the European Union in the last 15 years and other income in
arable farming of the European Union (farm net value added
in EUR/AWU)
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Harvesting less in the EU in the absence of plant breeding would additionally imply devoting a lower amount of man-power to farming since less harvest, transport
and storage activities on-farm would be necessary. The resulting labour effect,
however, is small. Using KTBL (2014a) data, it can be concluded that just
4.4 percent of all AWU engaged in the cultivation of the core arable crops of this
study would be unnecessary. The percentage of AWU not needed in the case of
missing plant breeding in the last 15 years is comparably low in cereals and oilseed
rape, but rather high in potatoes and sugar beets as these are crops where a lot of
working time needs to be devoted to harvest and transport activities. Figure 4.8
provides the full picture of this very particular analysis.
Figure 4.8: Annual working units currently not needed in arable farming
of the European Union without plant breeding for major arable
crops in the last 15 years (in percent)
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This means more than 54 000 AWU, i.e. an equal amount of paid or unpaid labour
force in arable farming of the EU, would be endangered to lose their jobs. The corresponding decrease in production and buying-in of inputs would additionally cause
some turbulences upstream and downstream the agricultural value chains. Using
the job multipliers displayed in figure 2.1 more than 13 500 extra jobs would be lost
in the case of missing genetic crops improvements. Hence, this number of jobs has
been created by plant breeding activities since the year 2000.
However, this marks the lower bound of labour market effects to be expected and
requires missing production volumes to be fully substituted through trade. Otherwise numerous additional jobs in storing, processing, and packaging, internationally trading and retailing the missing crop volumes of absent plant breeding in the
EU would be endangered.

4.2 Environmental values of plant breeding for major arable crops
Changing market conditions do affect trade volumes. The resulting changes in the
case of missing plant breeding progress in the EU as defined in above scenario are
depicted in figure 4.9. The displayed trade volumes, however, do not show agricultural commodity trade only. They also include trade (imports and exports) of processed and semi-processed products re-converted to the commodity level (for an indepth explanation of the calculation concept see Noleppa and Cartsburg, 2015a;
2014a).
Figure 4.9: Agricultural trade volumes with and without plant breeding
for major arable crops in the European Union in the last 15
years (in million tons)
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The figure reveals that European plant breeding allows the EU to export major
arable crops such as wheat, other cereals and potatoes. If progress in crop genetics
had not occurred in the past one and a half decades, the EU would have been a net
importer of all arable crops including wheat and other small grains as well as potatoes. Hence, the EU agricultural trade deficit with the aggregated self-sufficiency
being 92 percent in terms of carbohydrates and 85 (87) percent in terms of proteins
(and fats) (see Noleppa and Cartsburg, 2015a) would considerably have deteriorated.
Saving land resources
The obvious reductions in exports and the apparent increases in imports in case of
missing plant breeding activities would also change the balance of EU net imports
of virtual agricultural land. Instead of just using the already substantial area of
17.6 million ha abroad (see also figure 2.2 for the current situation), 36.9 million ha
in other world regions would be needed to satisfy the domestic demand. This equals
the territory of Germany (UNSD, 2012).
The resulting avoided net virtual land trade of the EU due to successful plant
breeding in its member states since the turn of the millennium is visualised in figure 4.10.
Figure 4.10: Avoided net virtual land trade with plant breeding for major
arable crops in the European Union in the last 15 years (in
million ha)
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Considering all other factors than land to be unchanged (e.g. yields in the other
world regions), more than 19 million ha arable land would globally have been
needed in addition to what is already used if plant breeding in the EU had been
terminated in 2000. This would have meant an increase of more than 100 percent
representing an area almost as large as the entire territory of Belarus (UNSD,
2012). The bulk of the potential growth in net land imports would be caused by
wheat and other cereals followed by oilseed rape and corn. Just the additional area
needed to cultivate extra wheat (7.6 million ha) is larger than the entire territory of
Bavaria in Germany (Destatis, 2014) or almost as large as the Czech Republic
(UNSD, 2012). The regional distribution of the additional imports of virtual agricultural land is listed in figure 4.11.
Figure 4.11: Regional distribution of avoided net virtual land imports
with plant breeding for major arable crops in the European
Union in the last 15 years (in million ha)
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Around 5.0 million ha would come each from the Commonwealth of Independent
States (CIS) and the Middle East/North Africa (MENA) region. More than 2.0 million ha would be located in South America and also in Sub-Sahara Africa, while
well above 1.0 million ha would need to be additionally occupied in North America,
Asia, and Oceania.
Protecting the climate
This arable land needed extra globally without plant breeding in the EU in the last
15 years is not available per se. In a situation where estimates suggest global acreage to be expanded by 45 million ha between the years 2010 and 2020 (Laborde,
2011; Marelli et al., 2011) this land foremost needs to be additionally converted
from grassland or natural habitats.
All this land is sequestering carbon both above and below ground. A tremendous
part of this carbon would be released into the atmosphere in the form of CO 2 if the
land was used for farming. The amount to be emitted in such a situation, yet
avoided due to lasting genetic crops improvements, can be calculated by using the
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approach described in chapter 2.3 and yields the avoided CO2 emissions. The resulting effect is visualised in figure 4.12.
Figure 4.12: Avoided regional CO2 emissions with plant breeding for
major arable crops in the European Union in the last 15 years
(in million tons)
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Plant breeding successes in the EU since the year 2000 avoid an extra emission of
CO2 of more than 3.4 billion tons. This is equal to what the EU-15, the old member
states, currently emit as GHG in total or half the climate gas emissions of the USA
(WRI, 2014).
However, this is a one-time-only effect and putting these savings into perspective is
challenging. Such non-recurring emissions are usually annualised by dividing total
emissions by 20 (see e.g. Laborde, 2011). The avoided “annualised” CO2 emissions
of plant breeding in the EU in the past one and a half decades would consequently
amount to approximately 170 million tons.
This is as much as the GHG emission reduction achieved by a rather ambitious
country, namely Germany, between the years 1997 and 2014 (UBA, 2015a; 2010).
At the same time it is similar to the CO2 still emitted via traffic in Germany (UBA,
2015a) or total CO2 emissions in a country like the Netherlands (Coenen et al.,
2013). This implies that noteworthy and long-lasting efforts to reduce GHG emissions in EU member states would be counteracted in a rather short period of time
without plant breeding.
Preserving global biodiversity
Remembering that plant breeding efforts in the EU since the year 2000 have
avoided a conversion of grassland and natural habitats of more than 19 million ha
worldwide with eco-zones rather rich in species compared to more or less intensely
used arable land (Croezen et al., 2014; von Zeijts et al., 2011) it is also worth quantifying the associated “biodiversity preserving” effect of genetic crops improvements. As outlined in chapter 2, two methods for capturing this effect are applied.
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One is the GEF-BIO approach and the other one is the NBI concept. The results of
the two separate analyses are depicted in figure 4.13.
Figure 4.13: Globally preserved biodiversity with plant breeding for major
arable crops in the European Union in the last 15 years
(in million biodiversity index points)
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Based on the NBI
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Source: Own calculations and figure.

Based on the GEF-BIO, 660 million biodiversity index points would have been lost
by neglecting plant breeding in the EU since the turn of the millennium on top of
what has already been lost in terms of global species richness. This is equivalent to
the biodiversity found in 6.6 million ha of Brazilian rainforest and savannahs. Assuming a current cutting rate in the Brazilian Amazon Forest of 0.54 million ha
per year (OBT, 2013), this implies that plant breeding for arable crops in the EU
between the years 2000 and 2014 has compensated for more than 12 years of deforestation in the Amazon region at current pace.
However, the NBI suggests an even larger loss in global biodiversity. It would have
declined by an additional 942 million index points without genetic crops improvements in the EU since the turn of the millennium. Latest available figures for Indonesia, the country for which the NBI counts 100 index points per ha, indicate a
loss of almost 30 million ha of rainforest from 1990 to 2005 (Leigh, 2011). If plant
breeders in the EU had given up their jobs 15 years ago, global biodiversity would
have been reduced to an equivalent of species richness on an additional 9.4 million
ha of Indonesian rain forest.
Reduction of global water demand
Analysing the impact of plant breeding in the EU on global water demand requires
a twofold approach. It has to be analysed (1) how water use in domestic production
is stimulated and (2) how virtual water trade (via trade of agricultural commodities
and products thereof) is affected.
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Looking at domestic water use, first, it has to be noted that the subsequent analysis is still based on the imperfect assumption that equal amounts of water are
needed to produce one unit of harvestable biomass. This counteracts the argument
that water productivity rises with higher yield supported by various scientists (e.g.
Zwart and Bastiaanssen, 2004; Lamm et al., 2009; Yuan and Shen, 2013). However, applying this academic knowledge simply fails because of data limitations.
Thus, yield-independent water footprint data provided by Mekonnen and Hoekstra
(2011) generate a higher domestic water use (since more crops are produced). The
result considered as marking the top of current water use in EU arable farming is
visualised in figure 4.14 (which does not separate sunflower seeds from other
oilseeds due to given numbers for the reference situation, see figure 2.3).
Figure 4.14: Domestic water use in the European Union with and without
plant breeding for major arable crops in the European Union
in the last 15 years (in million m3)
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Source: Own calculations and figure.

Higher yields due to genetic crops improvements achieved in the last 15 years have
raised the annual water use in EU arable farming by more than 55 billion m3 or
20 percent. At first glance, this very particular study outcome might be considered
a negative effect of plant breeding. However, this additional water use (which is
probably lower in reality as outlined above) has to be contrasted with substitution
effects due to an alternative trade situation.
It has already become obvious that plant breeding was able to reduce agricultural
commodity imports and expand respective exports (see figure 4.9). This means
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more virtual water is exported and less virtual water is imported via agricultural
commodities and products thereof. The crop-specific outcome of this “water trade”
impact is visualised in figure 4.15.
Figure 4.15: Net water imports (+) and exports (–) with and without plant
breeding for major arable crops in the European Union in the
last 15 years (in million m3)
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Source: Own calculations and figure.

Summing up the crop-specific water volumes displayed in the graph leads to the
following conclusions:


Instead of net exporting approximately 20 billion m3 of agricultural water
embedded in major arable crops and products thereof the EU would have had
to have imported more than 90 billon m3 of water due to missing plant breeding since the turn of the millennium.



An additional amount of 110 billion m3 virtual water would have had to have
been net imported in the EU in case of a complete abolition of plant breeding
since the year 2000. This is almost as large as the water volume of Lake Lucerne or Lake Müritz (Marsh et al., 2012).

This “saved” net agricultural water import overcompensates the additional water
currently embedded in domestic arable farming due to plant breeding in past years.
The current water “saving” of genetic crops improvements in the EU since the year
2000 accumulates to almost 55 billion m3 as figure 4.16 displays.
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Figure 4.16: Current cumulative water savings with plant breeding for
major arable crops in the European Union in the last 15 years
(in million m3)
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This is as much as the water volume of Lago Maggiore and Lago di Como. These
particular results support other scientific findings on more efficient agricultural
systems saving water resources (Dalin et al., 2014) and are mainly based on the
EU using water more productively than other world regions (Noleppa and Cartsburg, 2015b; Zwart et al., 2010). This becomes visible by finally looking at figure
4.17 depicting average crop-specific water productivity in the EU and in other
world regions.
Figure 4.17: Average water productivity in the European Union and in
other world regions for major arable crops (in kg per m3)
Crop

Global (ex EU)

EU

Wheat

0.55

0.90

Corn

0.93

1.53

Barley

0.32

1.23

Oilseed rape

0.47

0.62

Sunflower seed

0.29

0.42

Sugar beets

6.62

12.66

Potatoes

4.02

6.94

Peas

1.02

4.07

Source: Own calculations and figure based on Noleppa and Cartsburg (2015b) as well as Mekonnen
and Hoekstra (2011).
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4.3 Selected socio-economic and environmental values of plant
breeding for other than major arable crops and specific benefits of plant breeding
The calculation of the socio-economic as well as environmental values of plant
breeding in the EU for other than major arable crops is challenging. Severe data
limitations and information gaps hinder conducting a thorough analysis. Therefore
only selected effects can be highlighted hereafter.
The discussion starts with an assessment of the production increase with plant
breeding in the EU in the last 15 years in cultivating tomatoes – distinguishing
field tomatoes and greenhouse tomatoes is not possible because of unsatisfactory
statistical data –, strawberries and the two predominant forage crops on arable
land (green maize and temporary grasses). The impacts are visualised in figure
4.18.
Figure 4.18: Additional current supply of tomatoes, strawberries and
forage crops on arable land in the European Union with plant
breeding in the last 15 years (in million tons)
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Source: Own calculations and figure.

The numbers need to be put into perspective. With plant breeding for tomatoes in
the last 15 years, an additional production quantity of 781 000 tons annually is
generated in the EU. This is similar to the tomatoes production of France (Eurostat, 2015b). An additional amount of 145 000 tons of strawberries almost equals
the production of this fruit in Germany (Steinbacher and Schlossberger, 2015), Ita-
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ly or Morocco, which is a major strawberries exporting country outside the EU (Appeltans, 2010).
Furthermore it has to be noted that without plant breeding in the last 15 years
more than 90 million tons of green maize and more than 350 million tons of temporary grasses for forage (measured in fresh mass) would also be missing in the EU
today. According to KTBL (2014b), both together correlate with approximately 235
million tons of silage. Only fed to bovine animals using average feed ratios (KTBL,
2009), this volume of silage is enough to provide forage to at least 16 million heads
or 18 percent of all bovine animals in agricultural holdings across the EU (see Eurostat, 2015b).
This highlights a particular importance of plant breeding which might easily be
overlooked if only considering crops: Plant breeding in the EU is not only essential
for crop production but also a vital component of a competitive livestock sector
within EU agriculture. For forage crops such as Italian ryegrass and maize and
especially for hybrids thereof plant breeding is very important and has led to varieties adopted to a wide range of diverse geographical conditions (von Huyghe et al.,
2014). Green maize, e.g., is nowadays also grown in comparably wet and cool environments of Western and Northern Europe.
Quantitative information for tomatoes and strawberries allow to additionally analyse monetary impacts. Using single market models as briefly discussed in chapter
2 and calibrated with data gathered from Appeltans (2010), BLE (2015), Eurostat
(2015b), FAO (2015a; c), Statista (2015), Steinbacher and Schlossberger (2015), and
Sutor et al. (2015) leads to the following conclusions regarding the additional monetary value added in value chains in the EU with plant breeding for tomatoes and
strawberries in the last 15 years.
This value added is consistently measured at the wholesale/retail sale level (for
which meaningful and comparable prices are available) and depicted in figure 4.19.
It turns out that a rather high economic impact occurs:


In tomatoes production alone, the economic impact added along the value
chain with plant breeding in the last 15 years accumulates to approximately
EUR 300 million.



Along the value chain of strawberries, almost EUR 100 million are added.

Thus, the importance of plant breeding for high-value crops such as fruits and vegetables should obviously not be underestimated and is considered an advisable investment – at least from a macroeconomic point of view.
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Figure 4.19: Current extra value added in the European Union with plant
breeding for tomatoes and strawberries in the last 15 years
(in million EUR)
400
300
200
100
0
Tomatoes

Strawberries

Source: Own calculations and figure.

Remarks on a few but interesting environmental benefits concerning the case study
crops of this study finalise this specific quantitative assessment. Again, the missing
production volumes (see figure 4.18) can be translated into acreage which would be
additionally needed to compensate. For tomatoes and strawberries, the respective
analysis integrates international trade and is thus similar to what has been applied above when analysing major arable crops. However, for the two non-tradeable
forage crops usually grown on arable land a shift from grassland (or non-temporary
set-aside land) to arable land in the EU would be the only meaningful option. Figure 4.20 displays the results of such a transformation.
Figure 4.20: Avoided net virtual land trade with plant breeding for tomatoes, strawberries and forage crops on arable land in the
European Union in the last 15 years (in million ha)
Additional arable land abroad
Additional arable land in EU

Tomatoes

Strawberries

0.023

0.008

Green maize

Temporary grasses

2.285

4.191

Source: Own calculations and figure.

At first glance, the numbers are not very spectacular with respect to tomatoes and
strawberries. An additional area of 23 000 ha grown with tomatoes and an extra
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8 000 ha cultivated with strawberries would be used by EU trading partners. However, knowing from Noleppa and Cartsburg (2014a) that a few years ago no land
cultivated with berries was virtually net traded by the EU and only 25 000 ha cultivated with tomatoes were virtually net exported, the indicated change could be
considered a tremendous deterioration of the specific trade and virtual land trade
balances.
Looking at forage crops, the value of plant breeding in terms of the actually avoided grassland conversion towards arable land is impressive. Without plant breeding
in the last 15 years, an additional area of almost 6.5 million ha of grassland would
have to be ploughed in the EU in order to compensate for production losses in
green maize and temporary grasses. This corresponds to approximately 10 percent
of the EU’s entire permanent grassland (Eurostat, 2009) still serving as a carbon
sink and being rich in biodiversity, what is a conservative assessment since subsequently missing forage from grassland could not be taken into account with the
approach chosen.
Finally, resulting GHG emission and biodiversity impacts of plant breeding in the
EU for forage crops in the last 15 years are discussed keeping in mind that figures
might be higher if the probably missing forage from grassland was analysed too.
Figure 4.21 highlights the CO2 emission effect and figure 4.22 visualises the biodiversity outcome:
Figure 4.21: Avoided CO2 emissions with plant breeding for forage crops
on arable land in the European Union in the last 15 years
(in billion tons)
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Source: Own calculations and figure.

With plant breeding for green maize and temporary grasses in the last 15 years,
the EU has been able to avoid more than 1.0 billion tons of additional CO2 emissions. This is more than the volume of annual GHG emissions of a country like
Germany or twice as much as the annual GHG emissions of France (see WRI,
2014). Divided through 20, i.e. annualised, it is as large as the GHG emissions occurring in EU member states like Denmark or Bulgaria (see also WRI, 2014).
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Figure 4.22: Preserved biodiversity with plant breeding for forage crops
on arable land in the European Union in the last 15 years
(in million tons)
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Source: Own calculations and figure.

The same plant breeding efforts have additionally preserved biodiversity in the EU
which can be compared to species richness currently available on 0.7 million ha of
Brazilian ecosystems or 2.7 million ha of Indonesian environments.
The discussion has concentrated on the yield effect of plant breeding in the EU and
values resulting from this yield effect. However, plant breeding does not only tackle
land productivity. Genetic crop improvements also aim at better quality and other
parameters. In a period when the agricultural value chains face manifold challenges such as population growth, changing eating habits, scarce land and water resources, climate change impacts, food waste, etc., the development of new varieties
mirrors approaches towards meeting these challenges. Discussing all these attempts would exceed the scope of this study. Nevertheless, a few examples particularly dealing with breeding for (a) better water use, (b) combating food waste, and
(c) providing more healthy and convenient food shall finally be discussed accentuating the analysis above and demonstrating that modern plant breeding is much
more than looking for higher yields. Instead, it provides many more beneficial values for the society at large.
Increasing global water scarcity is a fact (Hanjra and Qureshi, 2010), and agriculture considerably contributes to this shortage by using up to 70 percent of the anthropogenic freshwater consumption (Biewald et al., 2014; UNESCO, 2014). Breeding for higher yields per se helps mitigate the problem (see above). However, plant
adaptation to water stress and in particular towards drought and water logging
tolerance is also a must. Therefore, the development of plants with increased sur-
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vivability and growth during water stress is a major objective in plant breeding
(Osakabe et al., 2014), especially in relation to climate change.
Respective efforts concentrate amongst others on the stomatal and membrane
transport during water stress (see e.g. Geiger et al., 2009), the identification and
use of transcription factors (see e.g. Aprile et al., 2009; Jogaiah et al., 2012), a better understanding of early water stress response and signal transduction pathways
(see e.g. Christmann et al., 2013; de Lorenzo et al., 2009), and on protecting photosynthesis during water stress (see e.g. Estavillo et al., 2011). The utilisation of
these and other underlying technologies makes it possible to modify the regulation
of water through genes leading to region-specific crop varieties having an improved
stress tolerance in terms of drought or water logging while maintaining crop
productivity (Herzog et al., 2015; Osakabe et al., 2014).
While water is becoming increasingly scarce, food at least in developed countries is
still too often considered an almost non-restricted and cheap resource leading to a
tremendous amount of waste. On global scale and independent on being a developed or less developed country, 30 to 40 percent of all the potentially availably food
is wasted along the value chain and at consumer level (see, e.g., Abeliotis et al.,
2014; Fox und Fimeche, 2013; Gustavsson et al., 2011). Consequently, BCFN
(2012) as well as Caronna (2011) came to the conclusion that approximately 180 kg
of food per capita are wasted in the EU. Avoiding food waste is now on the political
agenda and publicly debated (Bagherzadeh et al., 2014; EC, 2015; HLPE, 2014;
Lipinski et al., 2013; Monier et al., 2010; Schneider, 2013).
Plant breeders are engaged in minimizing food waste what is found in numerous
examples. Efforts in the EU are often targeted at potatoes, fruits and vegetables
and concentrate on maintaining and improving quality throughout the post-harvest
production chain to prevent spoilage (see Bovy, 2015; Cullen et al., 2015; NBT,
2015). Post-harvest decay of fruits and vegetables is considered a major challenge
(Abano and Buah, 2014). The following listing exemplary highlights three of such
efforts made in the EU:


Plant breeding activities in the Netherlands target potatoes to have the right
shape for crisps or chips. This avoids unnecessary losses during peeling and
cutting (Larsson, 2015).



Scientists in England managed to extend the shelf life of lettuce by breeding
for smaller leaves with lots of cells packed closely together. Thus, the leaves
remain green and crisp for longer, i.e. for more than a week (Lim, 2014).



Scottish plant breeders have investigated the genetics of fruit softening.
Markers which have been found can now be added to breeding tools speeding
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up the development of new varieties with desirable traits, e.g. in the case of
raspberries (Cullen et al., 2015).
Global food availability faces two major challenges: providing sufficient food and
delivering of more healthy and convenient food. While food insecurity in some parts
of the world can partially be overcome by providing more food (e.g. through higher
yields), it is at the same time a matter of single nutritious components such as vitamins and other micronutrients in the available food. In parallel, people especially
in more wealthy countries demand food characterised by consumer quality traits,
such as flavour, nutritional value, colour, easy handling, and firmness (Bovy,
2015). Breeding for such quality issues directly targets an improvement of consumers’ health and wellbeing.
Discussing current plant breeding efforts towards such innovations in crops numerous examples can be found. Newell-McGloughlin (2008) alone summarised
more than 50 case studies aimed at providing health benefits. Others are listed in
Kaput et al. (2015). NBT Platform (2015), e.g., highlights EU breeding efforts focussing on enhancing vitamin levels and reducing allergens as well as on changing
colour, odour, flavour and texture of crops. Other attempts target an increase of socalled phytonutrients in crops assumed to mitigate chronic diseases and cancer (see
e.g. Eckardt, 2011; Martin, 2011; Traka and Mithen, 2011). Noteworthy are also
breeding successes displayed in BSPB (2015a; c) and BDP (2015a): Oilseed crops
with healthier oil profiles, brassica crops with increased levels of beneficial nutrients and hitherto unknown uniformity, improvements in disease resistance reducing levels of harmful mycotoxins in small cereals and corn, barley varieties with
reduced ingredients causing potentially toxic metabolites while malting, cauliflower with meal-sized florets, seedless peppers, potatoes for every culinary purpose,
tomatoes not losing juice when sliced, etc. are now on the market and substantially
improve specific health problems as well as the general well-being of consumers in
the EU and beyond.
These very few examples complete the picture drawn with respect to the numerous
benefits modern plant breeding offers for yield growth in the EU. They additionally
portray genetic crop improvements today offering more than a substantial contribution towards the availability of food and other agricultural raw materials per se,
namely an entire tool-kit for meeting many, if not most, of the important challenges EU and global agriculture is facing.
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Potential benefits of future plant breeding activities

Part of this study previews and assesses the share continuous plant breeding efforts in the EU could contribute in terms of the various socio-economic and environmental target indicators discussed from an ex post point of view. However, such
a comprehensive and future-oriented assessment first of all requires to define the
following guiding principles:


The projections to be made shall focus on the year 2030, i.e. a fifteen-year
time horizon (2016-2030 instead of 2000-2014) is again analytically envisaged. Major arable crops are covered hereafter. Respective simulations for the
five case study crops have failed due to severe data limitations.



Within this period, plant breeding will have the same importance for TFP
growth in EU agriculture as in the past, i.e. the annual growth rates with
plant breeding displayed in figures 3.11 and 3.12 once again apply.



Consequently, the potential agricultural market situation in the EU around
the year 2030 has to be set as reference scenario for analyses. For describing
such a reference scenario available OECD and FAO (2015) forecasts have
been used and extrapolated for the target year 2030.



However, these available projections only allow to distinguish wheat and
coarse grains as well as oilseeds and roots and tubers. Pulses are not included. To be methodologically consistent, changes over time in production, prices
and trade volumes according to OECD and FAO (2015) and subsequent extrapolation are set to be equal for (a) corn and other cereals, (b) oilseed rape,
sunflower seeds and other oilseeds, and (c) sugar beets and potatoes. Respective changes in pulses are assumed to be zero.

Change rates resulting from comparing the years 2030 vs. 2016 are displayed in
figure 5.1.
Figure 5.1: Major assumptions for the ex ante assessment of plant breeding benefits (in percent for 2030; 2016 = 100 percent)
Production change

Market price change

Trade volume change

Wheat

110.3

110.6

130.5

Coarse grains

109.0

139.2

20.0

Oilseeds

108.6

136.7

95.4

Roots and tubers

105.0

93.9

10.0

Pulses

100.0

100.0

100.0

Source: Own assumptions and figure based on OECD and FAO (2015) and own extrapolations.
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In addition, the following assumptions had to be made allowing for a more realistic
projection of potential future plant breeding benefits.


Labour in arable farming of the EU is assumed to continuously decrease as in
the past, i.e. at a rate of around 3.0 percent per annum.



Labour productivity in upstream and downstream industries of the agricultural value chains is supposed to increase at a rate of 2.0 percent.



Land productivity increases, i.e. yield growth rates, in the other world regions
are presumed to average 1.5 percent per year.



Global water productivity is finally considered to grow at a rate of 1.0 percent
per annum.



All other factors, e.g. carbon release factors per ha of newly cultivated agricultural land, biodiversity index values, etc. are held constant.

These assumptions lead to the following potential future benefits of plant breeding
in the EU starting with the socio-economic effects.

5.1 Potential future socio-economic benefits of plant breeding in
the European Union for arable crops
Figure 5.2 visualises the magnitude of benefits with plant breeding in the next 15
years, i.e. for the target year 2030, and compares these potential ex ante benefits
with achieved ex post values as discussed in chapter 4. Accordingly, it can be concluded that additional arable crop supply due to plant breeding in the EU will even
be higher in the 15 years to come than in the last one and a half decades. Instead of
an extra 70.0 million tons of cereals, oilseeds, roots and tubers, as well as pulses
with plant breeding in the last 15 years, 76.0 million tons of these commodities will
be able to be produced on top of what will be achievable without plant breeding in
the next 15 years. This amount would be sufficient to additionally feed almost 180
million humans with carbohydrates, more than 220 million people with vegetable
proteins, or 120 million humans with vegetable oils.
Future monetary benefits are also higher compared to the particular plant breeding benefits of the last 15 years. Social welfare on agricultural markets might increase in future by EUR 11 billion and GDP by EUR 18 billion compared to a scenario without plant breeding in the EU in the next 15 year. Thus, the future monetary gain is 25 percent higher than what is contributed to EU societies at present.
These monetary indicators tend to change more significantly than tonnages mainly
due to the expected ongoing increase of agricultural market prices.
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Figure 5.2: Analytical results of the ex ante assessment (plant breeding in
the next 15 years) for socio-economic indicators in relation to
the ex post evaluation (plant breeding in the last 15 years)
Ex post
evaluation
Additional arable crop supply
(in million tons)

Ex ante
assessment

Ratio
(in percent)

70.042

75.997

109

- Carbohydrates

163

178

109

- Proteins

206

224

109

- Fats/oils

111

120

109

8.908

11.167

125

14.489

18.163

125

6 989

14 263

204

Additional AWU in arable farming

54 441

38 963

72

Additional labour force upstream and
downstream the value chains

13 540

11 166

83

Additional global food supply
(for million humans)

Additional social welfare
(in billion EUR)
Additional economy-wide GDP
(in billion EUR)
Farm income induced by plant breeding
(in EUR/AWU)

Source: Own calculations and figure.

Furthermore, the potential development of labour impacts reveals interesting but
twofold results. On the one hand, the additional future farm income due to plant
breeding can be expected to be immense because the additional producer surplus to
be used for income generation will rise at similar pace as societal welfare while
labour engaged in farming tends to decrease at a rate of 3.0 percent per annum. On
the other hand, it is exactly the decrease in labour engaged in arable crop production and associated gains in labour productivity along the agricultural value chains
that cause a rather low future impact of plant breeding on agricultural jobs as well
as jobs in upstream and downstream industries.

5.2 Potential environmental benefits of plant breeding in the
European Union for arable crops
Figure 5.3 reveals slightly decreased future environmental benefits of plant breeding (with an average rate of approximately 5 percent) compared with current benefits.
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Figure 5.3: Analytical results of the ex ante assessment (plant breeding in
the next 15 years) for environmental indicators in relation to
the ex post evaluation (plant breeding in the last 15 years)
Ex post
evaluation

Ex ante
assessment

Ratio
(in percent)

Avoided net virtual land trade
(in million ha)

19.320

18.305

95

Avoided global CO2 emissions
(in billion tons)

3.438

3.258

95

- GEF-BIO

660

625

95

- NBI

942

893

95

55 758

52 980

95

110 496

105 570

96

54 738

52 590

96

Globally preserved biodiversity
(in million biodiversity index points)

Global water savings
(in million m3)
- Additional water use in domestic production
- Water savings in trade
- Cumulative water savings
Source: Own calculations and figure.

However, this particular outcome of the study is caused by changing framework
conditions only, in particular the fact that land productivity in all other world regions will still improve despite an investment stop in plant breeding innovation in
the EU for the period of the next 15 years. This and the defined increase in global
water productivity over time would allow the EU to use less land and other environmental resources (such as biodiversity) abroad than without such an “external”
productivity growth independent of plant breeding innovation in the past and the
next 15 years.
If this “autonomous” productivity enhancement was neglected, above-listed environmental benefits of plant breeding for major arable crops in the EU in the next
15 years would be approximately 10 percent higher than with plant breeding in the
past 15 years.
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Concluding remarks

The overall working hypothesis of this academic study stated that modern plant
breeding in the EU acts at (a) increasing social welfare by generating additional
income to farmers as well as in upstream and downstream industries related to the
agricultural value chain, (b) providing a greater quantity of less expensive food to
meet the rapidly growing needs of the world, (c) stabilising agricultural commodity
markets, (d) adding jobs and social value to rural areas of the EU, (e) preserving
valuable and scarce natural resources such as land habitats and water reservoirs,
(f) reducing GHG emissions resulting from a decreased expansion of the global agricultural acreage, and (g) protecting biodiversity around the globe.
As shown in the paper, plant breeding in the EU contributes to various economic,
social and environmental values. The picture drawn is based on sophisticated modelling and calculation tools (chapter 2) as well as a rather comprehensive assessment of plant breeding contributions to land productivity and overall productivity
enhancement in EU arable farming (chapter 3). It turns out that plant breeding
innovations count a lot: On average and across all major arable crops cultivated in
the EU, plant breeding contributes approximately 74 percent to overall productivity growth (figure 3.10) equal to an increase of yields by 1.24 percent per annum
(figure 3.11).
Based on this productivity growth, plant breeding activities towards major arable
crops in the EU in the last 15 years (chapter 4.1 and chapter 4.2) resulted in benefits which can be characterised, quantified and summarised with the following ten
key statements:
1.

Increasing yields
With plant breeding for major arable crops in the EU in the last 15 years
yields per ha have increased. On average and across all major arable crops
harvested in EU member states, yields and consequently production would be
more than 16 percent lower without genetic crop improvements (figure 4.1).

2.

Improving market conditions
Higher yields per unit of arable land increase the supply of primary agricultural products on international markets. For example, an additional 47 million tons of grains and 7 million tons of oilseeds can currently be produced in
the EU with plant breeding for these crops in the last 15 years. This contributes to stabilising markets and reducing price volatility (figure 4.2 and figure
4.4).
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3.

Increasing potential world food supply
Plant breeding in the EU is also indispensable for combating hunger and
malnutrition and improves the world food security situation. Given current
global per capita rates of nutrient consumption, genetic crop improvements in
the EU in the last 15 years assure the additional availability of carbohydrates, proteins and vegetable oils to feed between 100 and 200 million humans (figure 4.3) – if the additionally produced volume becomes fully usable
in world regions where it is really needed.

4.

Generating economic prosperity and increasing social welfare
Plant breeding in the EU generates additional economic prosperity by increasing the GDP. The entire agricultural value chain benefits from input
suppliers to final consumers. Genetic crop improvements in EU arable farming since the turn of the millennium have generated in the agricultural sector
alone an additional social welfare gain of almost EUR 9 billion and have added more than EUR 14 billion to the EU’s GDP (figure 4.5 and figure 4.6).

5.

Creating additional farm income and securing agricultural jobs
Breeding for yields in arable farming in the EU also secures employment and
increases the income of farmers and agricultural employees. Approximately
7 000 EUR/AWU on average, i.e. 30 percent of the income of an arable farmer
in the EU, have been induced by plant breeding in the last 15 years (figure
4.7). Moreover, almost 70 000 jobs have been created in the arable sector (figure 4.8) as well as upstream and downstream the agricultural value chain in
the EU.

6.

Improving the agricultural trade balance
Plant breeding in the EU not only brings about positive economic and social
effects, but it also generates substantial environmental effects. It helps save
scarce land resources around the globe by generating higher yields per unit of
area. This improves the EU agricultural trade balance. Without plant breeding in the last 15 years, the EU would have become a net importer in all major arable crops (figure 4.9).

7.

Minimising net virtual land imports
In addition, plant breeding minimises the net virtual land imports of the EU,
which currently amount to more than 17 million ha. In the absence of plant
breeding for major arable crops in the EU in the last 15 years the global agri-
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cultural acreage would have to be expanded by more than 19 million ha (figure 4.10 and figure 4.11).
8.

Reducing CO2 emissions
This contributes to preserving natural habitats and to reducing GHG emissions resulting from an expansion of the global acreage. Plant breeding in the
EU secures less CO2 being emitted by helping avoid negative land use
change. A total of about 3.4 billion tons of direct CO2 emissions have been
avoided by genetic improvements in major arable crops in the EU in the last
15 years (figure 4.12).

9.

Preserving biodiversity
In addition, plant breeding in the EU generates a large positive biodiversity
effect. Without plant breeding in the EU in the last 15 years, global biodiversity equivalent to 6.6 million ha of Brazilian rainforest or 9.4 million ha of Indonesian rainforest would have been lost (figure 4.13).

10.

Saving agricultural water resources
Plant breeding in the EU for major arable crops in the last 15 years has finally contributed to saving scarce water resources around the globe. Without
plant breeding 55 million m3 of water would be additionally needed (figure
4.16). This is as much as the water volume of Lago Maggiore and Lago di
Como.

Considering other than major arable crops, i.e. some selected fruits and vegetables
as well as temporary forage crops on the one hand and other breeding objectives
than breeding for yield on the other hand, even more benefits and values of EU
plant breeding can be identified (chapter 4.3). The specific research findings portray genetic crop improvements offering more than a substantial contribution towards the availability of food and other agricultural raw materials per se, namely
an entire tool-kit for meeting many, if not most, of the important global challenges
agriculture is facing.
Looking ahead, the perspective changes only a bit (chapter 5). Most of the indicators which have been analysed with respect to plant breeding for major arable
crops in the EU in the last 15 years, i.e. since the turn of the millennium, show an
even higher or rather stable value if applied to plant breeding in the upcoming 15
years, i.e. until 2030. This allows to summarise that successfully innovated genetic
crop improvements in the EU have been and will be essential for economic, social
and environmental benefits at large scale and should indeed be considered a highly
effective measure for adapting to new and very dynamic settings.
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Plant breeders in the EU, however, face a rather challenging policy and regulatory
framework, as made clear in the introductory remarks of this study (chapter 1).
They have to be encouraged to further and even more invest into new seed varieties
and sophisticated breeding technologies instead of being hindered to spend the
necessary resources on urgently needed future productivity and efficiency growth.
The obviously high societal rates of return plant breeding investments generate
have to be broader acknowledged and politically supported be it through proper
administration, sound legislation, higher financial support (e.g. by boosting public
investment in basic research), or overall awareness raising.
This study has tried to increase such an awareness by providing evidence of the
multiple benefits of plant breeding in agriculture and beyond based on reproducible
findings and scientific facts for arable crops in the EU. In particular, the results of
the study should help better inform and facilitate an unbiased public debate on the
importance of historic, current and future genetic crop improvements for specific
socio-economic and environmental objectives. As such, the study should be considered an initial. Further research has to follow.
Potential points of departure are obvious: The rather general discussion of EU
plant breeding could be further focussed and might be fine-tuned towards individual EU member states, specific crops and/or current as well as upcoming breeding
technologies; qualitative arguments discussed (e.g. breeding for water stress tolerance, combating food waste, nutritional and health value) but also others not at all
mentioned above might be quantifiable as well; plant breeding could also be seen
as just one – of course important – technology which is able to create even more
benefits in symbiosis with other technologies such as modern fertilisation, irrigation, plant protection, tillage, etc.; in addition, new agricultural approaches such as
integrated production systems and smart agriculture closely linked to plant breeding should analytically be considered. Analysing the various values and benefits
from such a more holistic point of view would certainly help to identify additional
promising measures targeted at desperately needed future productivity growth in
EU and global agriculture.
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Annex A01: Yield developments in cereals for sub-regions of the European
Union, 2000-2013 (in index points, 2000 = 100)
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Annex A02: Yield developments in oilseeds for sub-regions of the European
Union, 2000-2013 (in index points, 2000 = 100)
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Annex A03: Yield developments in roots and tubers as well as pulses for
sub-regions of the European Union, 2000-2013 (in index
points, 2000 = 100)
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Annex B01: Use of arable land in sub-regions of the European Union,
2000-2012 (index, 2000 = 100)
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Annex B02: Use of fertilisers in sub-regions of the European Union,
2000-2013 (index, 2000 = 100)
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Source: Own calculations and figure based on Eurostat (2015b) and FAO (2015b) as well as EC
(2014), Fertilizers Europe (2014) and KTBL (2014a).
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Annex B03: Use of plant protection products in sub-regions of the
European Union, 2000-2013 (index, 2000 = 100)
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Source: Own calculations and figure based on Eurostat (2015b) and FAO (2015b) as well as EC
(2014), and KTBL (2014a).

Annex B04: Use of agricultural machinery in sub-regions of the European
Union, 2000-2013 (index, 2000 = 100)
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Source: Own calculations and figure based on Eurostat (2015b) and FAO (2015b) as well as EC
(2014), and KTBL (2014a).
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Annex B05: Use of agricultural labour in sub-regions of the European
Union, 2000-2013 (index, 2000 = 100)
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Source: Own calculations and figure based on Eurostat (2015b) and FAO (2015b) as well as EC
(2014), and KTBL (2014a).
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