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Executive Summary
Manifold challenges affect global agriculture and rural development. Agriculture
has to produce more raw materials to satisfy increasing and diversifying demands
of the growing world population. It has to contribute to economic prosperity and
social well-being in rural areas, and it has to preserve natural resources – such as
land, water and biodiversity – by adopting efficient and sustainable production
technologies.
A more productive and resource-efficient agriculture can mitigate the problems
associated with the above mentioned challenges, because it enables humankind to
have more of everything – more food, more feed, more non-food crops, more biodiversity and natural habitats – while at the same time reducing greenhouse gas
emissions which result from an expansion of the world’s agricultural acreage. This
is the basic hypothesis of this study.
Its overarching objective is to provide evidence of the multiple benefits of productive agriculture relative to low input farming in the EU. The results of the study
could help stimulate the public debate on the importance of productivity in EU agriculture for the social, economic and environmental objectives of European society.
Scientific methods are applied to achieve this objective. They include a partial equilibrium model, a multiplier analysis of income and employment, a tool to calculate
indirect land use changes and CO2 emissions, and an innovative approach to quantify biodiversity impacts.
The empirical analysis presented here includes a discussion of market and social
welfare effects, an assessment of rural income and employment effects, a calculation of agricultural trade and virtual land trade effects, an evaluation of global
greenhouse gas emission and biodiversity effects.
Almost 700 data sets from mainly peer-reviewed scientific literature were analysed
to determine the yield impact of productive agriculture vs. low input farming in the
EU. This is the broadest spectrum of available information on yield effects of
productivity in EU agriculture which has ever been analysed. The identified yield
differences per crop in EU member states are at the core of the analysis. The evidence suggests that, on average, yields are 31 per cent lower in low input farming
than in productive agriculture in the EU.
The empirical analysis also demonstrates that productive agriculture in the EU
results in an additional production of grains of almost 100 million tons annually. In
oilseeds this number amounts to 10 million tons. In sugar beets, potatoes and pulses the additional production is in the range of 2 to 5 million tons. This acts to limit
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international market price increases and facilitates building stocks which function
as shock absorbers and help reduce price volatility.
In addition, productive agriculture in the EU is a key contributor to world food security. It provides carbohydrates for more than 400 million humans, protein for
almost 350 million and vegetable oils for close to 300 million humans. Thus, it is
indispensable for reaching the millennium goal on combating hunger and malnutrition.
In total, the social welfare gain generated by productive agriculture in the EU –
measured at the agricultural commodity market level – amounts to EUR 16.2 billion. This implies that without it the EU’s agricultural gross value added would
decline by more than 12 per cent.
Increased production of higher productivity in EU agriculture generates additional
income in the upstream and downstream sectors of the value chain. The sum of the
agricultural GDP and the GDP generated in upstream and downstream industries
amounts to more than EUR 26 billion.
In arable cropping, approximately 1.1 million farmers – measured as annual working units – benefit from productive agriculture in the EU. This type of agriculture
generates an additional annual income relative to low input farming of at least
EUR 14 000 per farmer. In Germany, a full conversion from productive agriculture
to low input farming would lead to a decline in income of probably more than one
third. The effect would be even more pronounced in low income countries such as
Bulgaria.
Agricultural labour market effects of productive agriculture in the EU appear to be
small, but this type of farming creates 267 000 additional jobs in upstream and
downstream industries of the agricultural value chain of which almost 100 000
would be lost in the case of low input farming.
Productive agriculture in the EU generates large additional trade volumes. Without it, the EU would become a net importer in all major arable crops. Switching
from productive agriculture to low input farming in the EU would act to increase
EU net imports of virtual agricultural land by almost 38 million hectares. This represents an agricultural acreage which exceeds the entire territory of Germany. The
total EU net import of virtual agricultural land would amount to 62.5 million hectares. This is equivalent to twice the territory of Poland.
In total, productive agriculture in the EU avoids about 6.8 billion tons of CO2 emissions around the globe from the reduced expansion of the agricultural acreage.
Since empirical evidence suggests that there are no major differences between both
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types of farming with regard to greenhouse gas emissions measured per unit of
production, productive agriculture in the EU contributes much more to mitigate
climate change than low input farming.
By avoiding the conversion of almost 38 million hectares of natural habitats into
agricultural use in other world regions, productive agriculture in the EU preserves
biodiversity. The biodiversity preserved is equivalent to 8.6 million hectares of
Brazilian rainforest or 17.7 million hectares of Indonesian rainforest. This implies
that, at the current pace, the loss of biodiversity from low input farming in the EU
equals 16 years of deforestation in the Amazon region.
Low input farming averages 31 per cent lower yields than productive agriculture in
the EU. This implies that each percentage point of agricultural productivity gained
in EU:
x

feeds more than 10 million humans per annum,

x

increases the annual social welfare generated in European agriculture by
approximately EUR 500 million,

x

contributes EUR 500 to the annual income of an average EU arable farmer,

x

reduces EU’s net virtual land imports by about 1.2 million hectares,

x

acts to save 220 million tons in CO2 emissions, and

x

preserves global biodiversity equivalent to fauna and flora of up to 600 000
hectares of rainforest.

In sum, the results in this study clearly demonstrate: Productivity matters!
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Challenges for agriculture and rural development

Currently, manifold challenges affect global agriculture and rural development
(FAO, 2009a). Agriculture has to produce more raw materials to satisfy increasing
and diversifying demands of the growing world population. It has to contribute to
economic prosperity and social well-being in predominantly rural areas, and it has
to preserve natural resources – such as land, water and biodiversity – by adopting
efficient and sustainable production technologies. These challenges will certainly
change the prospects of European agriculture.
Traditionally, the market perspective has been in the focus of analysing such impacts. It has meanwhile been well accepted that the long-term trend of declining
agricultural commodity prices has come to an end. Since the turn of the millennium prices have tended to go up. This may be expected to continue as global demand
growth outpaces the growth in supply:
x

FAO (2009a) estimates that world food needs will increase by at least 70 per
cent until 2050 because of continued rapid population growth (e.g. Tilman et
al., 2011; UN, 2013) and per capita consumption growth (e.g. World Bank,
2013b; Noleppa, 2013) in both developing and newly industrialising countries.
Recent population projections suggest that by 2050 world agriculture may
have to feed up to 10 billion humans (e.g. PRB, 2012; USDC, 2013). Bioenergy and industrial use of agricultural raw materials create additional food
and feed demand (e.g. Laborde, 2011; Zeddies et al., 2012). Thus, global agricultural demand will increase between the turn of the millennium and the
year 2050 by more than 100 per cent (Tilman et al., 2011; Ray et al., 2013).

x

This rapidly growing demand will have to be met either by expanding the
agricultural acreage or by increasing yields. As the land that is available
globally for agricultural use is limited (see, e.g., Langeveld et al., 2013; Foley
et al., 2011; Phalan et al., 2011), the production growth necessary to meet the
growing food, feed, fuel and fibre needs of the world must come for the most
part through productivity growth of the land being farmed already. FAO
(2009a) expects that 90 per cent of future global agricultural production
growth must be the result of higher yields. However, current yield trends are
insufficient to double global crop production by 2050 (e.g. Ray et al., 2013).

From the perspective of society, market developments are obviously of interest.
However, social, environmental and related issues matter as well. It may be expected, for example, that a continuing rise in prices of agricultural commodities
and food obviously acts to aggravate the already alarming world food situation.
Estimates suggest that presently close to 1 billion humans around the world are
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undernourished (FAO et al., 2012). Those are humans who have USD 1.25 or less
per day in purchasing power and who have to spend 70 per cent or more of their
income on food. Even moderate increases in the prices of agricultural commodities
can, therefore, significantly aggravate world food security, increase hunger, and
lead to political and social unrest. The world had to learn this lesson during the
food crises in 2007 and 2008 and again in 2010 and 2011. During those periods
there was increased incidence of political turmoil and violence in many countries,
most of which being net food importers.
Achieving a rate of agricultural productivity growth sufficient to meet the world’s
needs in the decades to come will be quite a challenge as productivity growth has
been declining since the Green Revolution. This is particularly true for the European Union (EU), where yields tend to stagnate or increase at rates of 1 per cent or
less (Kirschke et al., 2011; Piesse and Thirtle, 2010; Spink et al., 2009), and this in
times when, according to latest projections, a global yield increase of at least 2.4
per cent per annum is needed to meet accelerating agricultural demand (Ray et al.,
2013).
A key reason for the declining productivity growth in world and EU agriculture has
been the general neglect of agriculture and its contribution to tackle the challenges
ahead in the public debate in recent decades as well as the neglect of agricultural
research and development (R&D) which is directed at increasing productivity
growth (e.g. Pardey et al., 2012; Rao et al., 2012). Other variables which act to slow
down productivity growth include shortage of water and land suitable for farming,
rising energy prices, global climate change, and growing competition for the scarce
natural resources in world agriculture between the production of food crops, and
non-food crops such as cotton, rubber, flowers and ornamentals, or bio-fuel crops.
In addition, all attempts to increase productivity must be sustainable and preserve
the world’s environment (e.g. von Witzke, 2011).
Moreover, the lacking productivity growth in world agriculture leads to environmental damage. A continuing rapid expansion of the agricultural acreage around
the globe is obvious, which, in turn, causes a loss of the world’s natural habitats
and biodiversity. This expansion of land is a major source of global greenhouse gas
(GHG) emissions. In fact, it contributes more to global warming than global manufacturing or global transportation (Ecofys, 2012; Stern, 2007).
Modern, innovative and productive agriculture is a first-best approach and offers
sustainable solutions to meet the multiple challenges agriculture faces today (e.g.
Moldes, 2010; Royal Society, 2009):
x

A more productive and resource-efficient agriculture can mitigate the problems associated with the above mentioned challenges, because it enables hu-
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mankind to have more of everything – more food, more feed, more non-food
crops, more biodiversity and natural habitats – while at the same time reducing GHG emissions which result from an expansion of the world’s agricultural
acreage (Noleppa and von Witzke, 2013).
x

In addition, a sufficient and affordable global supply of food has the potential
to contribute to political stability in developing and newly industrialising
countries alike.

x

And sustainably productive agriculture offers even more benefits such as securing competitiveness in an increasingly open international agricultural
trade system. It also acts to raise the economic welfare of agriculture and
related industries by securing income and employment particularly in rural
areas (e.g. Hahn and Noleppa, 2013).

However, the general public in Europe is well fed and, by and large, not very well
informed about the multitude of benefits generated by modern, productive and innovative agriculture. As a consequence, the public perception of modern agriculture
often displays a remarkable indifference and even outright scepticism relative to
modern farming practices (e.g., Gottwald, 2013).
This study aims at providing evidence of the multiple benefits of productivity in
agriculture – based on reproducible findings and scientific facts. In particular, the
results of the study should help better inform and facilitate an unbiased public debate on the importance of productivity in EU agriculture for specific social, economic and environmental objectives of the European society.

2.

Research objectives and structure of the report

The overarching objective of this study is to demonstrate and quantify some of the
key benefits of productivity in EU agriculture. In order to analyse respective effects
it has to be clarified what is meant with productive agriculture in the EU throughout this study:
x

This study focusses on land productivity, i.e. on the ratio of agricultural outputs (production of primary products) to land inputs. Sources of increasing
agricultural productivity, in this sense, are various other inputs and innovation.

x

Agricultural machinery allows for improved mechanisation, greatly improving land (and labour) productivity. This includes the use of modern tractors
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and trucks, combine harvesters, aircraft and other vehicles, computers in conjunction with satellite images and global positioning system guidance for precision farming, etc.
x

Improved crop varieties assure higher yields. These varieties can be developed through conventional breeding as well as biotechnology and genomics.

x

Organic and/or mineral fertilizers provide primary plant nutrients (such as
nitrogen, phosphorus and potassium) and secondary nutrients (such as sulphur, zinc, copper, manganese, calcium, magnesium and molybdenum) on deficient soil. In addition, liming raises the pH-value of acid soils and thus improves availability of soil nutrients for crops to grow.

x

Modern plant protection products prevent crop losses nearly equally attributed to the three big ‘enemies’ of agricultural crops – weeds, insects and diseases. They can be effectively controlled and combated through the use of herbicides, insecticides and fungicides.

In the remainder of this study, the term ‘productive agriculture’ is used to characterise contemporary agriculture in which the aforementioned modern and sciencebased inputs and technologies are used. This will be contrasted with ‘low input
farming’ typified by organic farming.
In this paper, emphasis is placed on revealing the effects of productive agriculture
on international markets and social welfare in the EU, rural incomes and employment as well as the preservation of natural resources such as land and biodiversity,
indirect land use changes (ILUC) and related GHG emissions.
The analysis documented in this research report encompasses several stages:
x

As a starting point, the impact of productive agriculture in the EU on farmers, consumers, and on social welfare will be quantified. This analysis will
use a standard partial equilibrium model (PEM). It constitutes the foundation for several methodological extensions of conventional economic analysis
and will permit a much more complete assessment of the value of productive
agriculture to society. Subsequently, the economic analysis will be expanded
in a variety of ways.

x

First, the economic spill-over effects of productive agriculture to upstream
and downstream industries of the agricultural sector will be quantified. The
idea behind this approach is that if one EUR and/or job is added/lost in EU
agriculture, additional EUR and/or jobs are added/lost in other sectors of the
economy – many of them located in rural areas. A straightforward multiplier
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analysis will be used in this part of the analysis and quantify income and employment implications inside and outside of agriculture.
x

Second, the analysis is extended to include productivity-induced environmental effects. In particular, the focus is on the impact of productivity growth on
the (virtual) net import of agricultural land by the EU and related developments in ILUC, i.e. the conversion of natural habitats into arable land. The
ILUC effect of productive agriculture will then be used to quantify the resulting CO2 emissions.

x

In addition, the impact of productive agriculture on global biodiversity will be
calculated and its particular importance for ecosystem services will be highlighted. This has become possible, as there is now suitable data on how much
biodiversity is endangered or lost by expanding the agricultural acreage in
the regions around the globe.

The basic hypothesis of this study is that productive agriculture in the EU offers
the most favourable conditions for:
x

increasing social welfare by generating additional income to farmers and by
providing a greater quantity of less expensive food to meet the rapidly growing needs of the world;

x

stabilising agricultural commodity markets and reducing price volatility;

x

generating additional income in upstream and downstream industries related
to the agricultural value chain;

x

creating a significant number of jobs in particular in rural areas of the EU;

x

preserving valuable natural habitats;

x

reducing CO2 emissions resulting from a reduction in the expansion of the
global agricultural acreage; and

x

protecting and enhancing biodiversity and ecosystem services around the
globe.

In the remainder of this study the methodologies used are described first (chapter 3).
Then, the results of the empirical analysis are presented (chapter 4). Those include
the market and social welfare effects (chapter 4.1), rural income and employment
effects (chapter 4.2), agricultural trade and virtual land trade effects (chapter 4.3),
global GHG emission effects (chapter 4.4), and global biodiversity effects (chapter
4.5). The study ends with conclusions of the research (chapter 5).
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Methodological foundation and data issues

3.1 Methods and major data sources
Modelling market impacts
The point of departure of the analysis is a PEM of world agriculture which permits
to quantify the supply, demand and trade effects of productive agriculture in the
EU. PEMs are frequently applied in agricultural economic analysis (e.g., OECD
and FAO, 2013; Renwick et al., 2013; Schwarz et al., 2011; Vanuccini, 2009). The
model used here has been described in much detail in Noleppa and Hahn (2013) as
well as in Noleppa and von Witzke (2013). For the analysis in this paper a few
model modifications have been made in order to fit the model to the research questions at hand:
x

One of them is the regional focus. The EU-27 is modelled as one single region.
EU production and consumption interact with all other regions of the world to
determine the market equilibrium.

x

Another modification is the inclusion of additional crops. More specifically,
potatoes and pulses are now explicitly dealt with. Overall, approximately
80 million hectares of EU agricultural land, i.e. almost the entire arable land
of the EU used to harvest crops other than fodder crops (DG AGRI, 2012), are
included in the analysis.

x

The calibration of the model is based on very recent statistical information
provided by the European Commission (EC), Eurostat, the Food and Agriculture Organization (FAO), the Food and Agricultural Policy Research Institute
(FAPRI), the Organization for Economic Co-operation and Development
(OECD), and the United States Department of Agriculture (USDA). Main data
sources have been DG AGRI (2012), Eurostat (2013), FAO (2013), FAPRI
(2013), OECD and FAO (2013).

The PEM is calibrated for the years 2010-2012. A three-year average was used in
order to minimise the risk that random shocks (such as weather extremes) and/or
policy decisions (such as temporary export or import restriction in times of regional
crises) affect the results of the analysis.
Modelling economic impacts upstream and downstream in the value chain
As mentioned earlier, the objective of the study is not only to analyse economic impacts of productive agriculture on the market level, but also to assess its benefits
for the (rural) economy in the EU at large. Farm input suppliers as well as down-
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stream industries depend on farmers’ decisions. Changes of agricultural markets
(such as changes in productivity) will immediately transfer to interlinked upstream
and downstream sectors of an economy. Gross domestic product (GDP) effects (an
indicator for income changes) and job effects (an indicator for employment changes)
are of particular interest.
Multiplier analysis permits 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; Schwarz, 2010). Focussing on multipliers established
for rural areas of EU member states permits to analyse rural income and rural
employment effects of productive agriculture in the EU.
In this study, the analysis makes use of an update of an earlier work on agricultural multipliers of the EU by Noleppa and Hahn (2013). The authors have analysed
more than 20 mainly peer-reviewed academic articles determining agricultural
multipliers with respect to GDP and jobs in the EU and single EU member states.
In this analysis the multipliers depicted in figure 3.1 will be used.
Figure 3.1: Range of and used agricultural multipliers of the
European Union
Identified range of
multipliers (from … to …)

‘Average’ multiplier used
for own analysis

GDP multiplier

1.50 – 1.90

1.70

Job multiplier

1.10 – 1.40

1.25

Source: Own figure based on Noleppa and Hahn (2013).

As can be seen, average multipliers, i.e. the average of the minimum and maximum value of the identified range of multipliers, serve as the base for further
analysis. In essence, it is argued that, if EUR 1.00 in EU agriculture is created due
to an increase in productivity, additional EUR 0.70 are created elsewhere in the
rural economy of the EU; and that, if one job, here measured in annual working
units (AWU), equal to approximately 1 800 working hours per annum, is created in
EU agriculture, an additional quarter of a job is established upstream or downstream the value chains in rural areas of EU member states.
As a methodologically consistent input for the multiplier analysis, the producer
surplus is endogenously calculated within the PEM, and the real agricultural labour force engaged in EU arable farming is taken into consideration. To determine
the latter, EC (2012) data based on most recent information from the Farm Accountancy Data Network (FADN) of the EU are used.
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Modelling virtual land trade and ILUC impacts
Sustainability of agricultural production systems can and should be assessed using
economic, social and environmental indicators. The methodological aspects described so far will already lead to some important arguments pointing at the economic and partly at the social sustainability that productive agriculture in the EU
might offer. In order to additionally analyse contributions towards environmental
sustainability, other potential societal benefits will have to be analysed: resource
protection (to be measured in terms of ILUC), climate protection (to be measured in
terms of ILUC-related GHG emissions) and biodiversity protection (to be measured
in terms of ILUC-related biodiversity parameters).
Virtual land trade and changes of virtual land trade will be analysed using the socalled ILUC tool. The specific methodology used here was initially developed by von
Witzke and Noleppa (2010), and subsequently expanded (von Witzke et al., 2011).
This methodology is now widely accepted in agricultural economic research (e.g.
Kern et al., 2013; Destatis, 2013a; b). With the tool, it is possible to add to a region’s own resource (land) base the amount of resources (land) which, on balance, is
used outside its territory to meet regional demand.
Most recently, the original methodology has been further expanded by Noleppa and
Cartsburg (2013). The following improvements shall be noted:
x

The calculations in von Witzke et al. (2011) are based on EU agricultural
trade and international yield data for the years 2008-2010. Here, the calculations use trade and yield data for the years 2010-2012. Data is from Eurostat
(2013). This means that comparably good harvests in the EU and also hectare
yield improvements in other regions of the world, i.e. global agricultural
productivity growth in most recent years, have been taken into account in the
calculation approach.

x

Data used in von Witzke et al. (2011) are based on 270 so-called Standard
International Trade Classification (SITC) categories of crop and livestock
products. These categories of tradable commodities were aggregated to 40
primary crops. Then the net trade flows were converted into the acreage used
for their production. The analysis presented in this paper is expanded to include almost 300 SITC categories which can be aggregated to 45 primary
crops and their acreage. This includes cocoa products, such as chocolate, and
some additional fruits and vegetables.

x

This expansion of the ILUC tool data base was possible because new information on technical conversion factors for transforming tradable commodities
(by SITC categories) back to agricultural raw materials had become available.
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The ILUC tool is now based on conversion factors provided by FAO (2012) rather than FAO (2001) and USDA (1992). The new conversion factors point at
efficiency improvements upstream and downstream the agricultural value
chain over time. They include aspects such as higher oil yields in crushing,
higher yielding plant varieties and more productive livestock.
The results of most recent calculations (Noleppa and Cartsburg, 2013) are, hence,
based on more up to date and more precise information than previous calculations
and suggest that the current (2010-2012) EU net trade in virtual agricultural land
amounts to 25 million hectares. In von Witzke et al. (2011) some 28 million hectares were reported for the years 2008-2010. For the most part, the lower numbers
for EU net imports of virtual agricultural land are caused by productivity growth in
both, global agriculture as well as upstream and downstream sectors of the agricultural value chain. With respect to the EU trade of wheat and wheat products alone,
this accounts for a decline of the virtual land trade balance of more than 2 million
hectares. The results of these calculations are presented in figure 3.2.
Figure 3.2: Net imports (–) and net exports (+) in virtual agricultural
land of the European Union, 2010-2012 (in million hectares)
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Source: Own figure based on Noleppa and Cartsburg (2013).
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A detailed discussion of the virtual net land trade calculations used here can be
found in Noleppa and Cartsburg (2013) and in Annex 1 of this paper. They serve as
the starting point for the analyses of ILUC effects of productive agriculture in the
EU. Essentially the ILUC effects are calculated as the results of EU agricultural
productivity changes, all other things being equal – including yields per hectare in
the rest of the world. Therefore, the higher EU productivity growth, the lower is
the net import and the higher is the net export of virtual agricultural land by the
EU.
Modelling GHG emission impacts
Natural habitats which are not used for farming serve as a carbon sink. They sequester carbon and mostly do not release CO2. Since the ILUC tool used here is
based on changes in EU agricultural trade with single countries and world regions,
the methodology allows for a regional differentiation of land conversion effects.
Carbon release factors per converted hectare and by region are used for the calculations of CO2 effects.
There are various sources for regional CO2 release factors. Reported factors vary
considerably due to the defined amount respectively ratio of potentially endangered
above-ground and/or below-ground biomass of ecosystems (e.g. Noleppa and von
Witzke, 2013c). Therefore, CO2 emission factors per hectare of converted land established by Tyner et al. (2010) are used: These factors are lower compared to those
published by, e.g., Searchinger et al. (2008), Heiderer et al. (2010) or most recently
Laborde (2011) (see also DG Energy, 2010) and, hence, establish a lower bound to
the calculation of potential climate benefits of productive agriculture in the EU.
Figure 3.3 displays the data used in this analysis (Tyner et al., 2010) as well as
those proposed by Searchinger et al. (2008) and Searchinger and Heimlich (2008).
Figure 3.3: Regional CO2 emission factors per hectare of land converted
for agricultural purposes (in t/ha)
Region

Data from Searchinger

Data from Tyner

Europe

262

169

North America

384

146

South America

337

151

Asia

608

296

Oceania

232

113

Rest of the World

199

195

Source: Own figure based on Searchinger et al. (2008), Searchinger and Heimlich (2008) as well as
Tyner et al. (2010).
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Modelling biodiversity impacts
The preservation of biodiversity is essential for the maintenance of ecosystem services which both, nature and agriculture provide. Losses of global biodiversity
caused by human activity have become of growing public concern. This includes
agricultural activities and farming practices (e.g., Firbank et al, 2008). The announcement of the International Year of Biodiversity in 2010 led to manifold scientific efforts to measure biodiversity and its change (e.g., Alkemade et al., 2009;
Butchert et al., 2007: Dev Pandey et al., 2006; Emerson et al, 2010). However, it
turned out that measuring biodiversity and its changes is a challenging task.
Indeed, a variety of methods have been developed and a considerable number of
biodiversity indicators have been published. All of them appear to have their pros
and cons and the practice is still in its infancy as the scientific debate continues
(e.g. Wright, 2011a). Hence, a generally accepted science-based indicator of mapping biodiversity and the loss thereof is not immediately in sight. In addition, attempts to link economic and biodiversity impact analysis have failed so far. Therefore, a rather pragmatic approach is applied here. Two indicators are used to cope
with the inherent uncertainty in measuring biodiversity.
First, the Global Environment Facility Benefits Index of Biodiversity (GBI-BIO) is
used (for an assessment of the indicator see, e.g., UNEP, 2009; Wright, 2011a). It is
scientifically sound and plausible and can be combined with the economic and spatial approaches used here. In particular, the following characteristics led to its application in the analysis:
x

The GBI-BIO captures the status quo of biodiversity as well as its changes.

x

It allows not only for a pure accounting of species but also for mapping a regional distribution of species including potential threats across the ecosystems of the world. Biodiversity, thus, can be calculated at the single country
and the world level. Therefore, it is consistent with the ILUC tool used in this
study.

x

Moreover, the indicator is already used fairly often and is beginning to be
accepted as a pre-standard. It is consistent with the 2010 targets of the Convention on Biological Diversity (CBD) and widely used by individual research
teams and international organisations (e.g. World Bank, 2013a).

In sum, the GEF-BIO, originally developed by Dev Pandey et al. (2006) is a fieldtested composite index of relative biodiversity for single countries. It is based on
the species represented in a country, their threat status, and the diversity of habi-
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tat types. Moreover, the index is easy to handle because it is normalised on the
interval {0;100} (World Bank, 2013):
x

Brazil is defined as the country with maximum biodiversity. Its natural habitats are rated as 100. The country’s territory comprises many different ecosystems, such as the Amazon rainforest, the Atlantic forest and the Cerrado.
They are considered to have the greatest diversity of flora and fauna in the
world.

x

On the other end of the scale is Nauru which is rated as 0. Nauru is a small
island nation in the Pacific Ocean where only very few sea birds and insects
live, while the flora is characterised by coconut palm trees which flourish on
the only fertile area, a narrow coastal belt.

x

All other countries are rated between these extremes.

Accordingly, a hectare in Brazil (in Nauru) that is not cultivated for agriculture or
used by humans in other ways is valued at 100 (0) biodiversity index points; hectares in other countries of the world are rated in between. All hectares of a country
can, then, be accumulated to get a country-specific value of preserved biodiversity.
Accordingly, a value of 1 million biodiversity index points might be interpreted as
an indicator of the still available richness in flora and fauna species of a country or
region equivalent to what can be found in 10 000 hectares of tropical forest or the
Cerrado in Brazil.
Second, the National Biodiversity Index (NBI) is applied. This index has been developed by the CBD itself (CBD, 2001). It continues to be used in the Global Biodiversity Outlook Report (see latest available issue: CBD, 2010). The NBI is based on
estimates of a country’s richness and endemism in four terrestrial vertebrate classes and vascular plants. Vertebrates and plants have the same weight in the index.
NBI values range between 1.00 (the maximum value of the NBI is assigned to Indonesia) and 0.00 (the minimum value of the NBI is allocated to Greenland). Countries with land area of less than 5.000 km2, such as Nauru, are excluded.
This NBI can easily be transformed into values of zero to 100 by multiplying all
country-specific values with 100. Thus, the NBI can easily be compared to the
GEF-BIO.
Although status quo calculations with the GEF-BIO and NBI approach are not of
particular interest for the analysis considered in this study, the reference values
are listed below:
x

According to the GEF-BIO, current global biodiversity is at 289 billion index
points. In other words, global biodiversity is considered to be equal to the
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richness in species which, in principle, could be found on 2.89 billion hectares
of Brazil’s ecosystems. This is more than twice the arable land area currently
cultivated in the world (FAO, 2013) or eight to nine times the acreage of the
Brazilian Amazon forest (OBT, 2013).
x

The NBI yields a present global biodiversity of 475 billion index points. This
is equivalent to 4.75 billion hectares of species-rich ecosystems, as can be
found in Indonesia. This almost equals the global acreage used for farming
which is approximately 4.9 billion hectares (FAO, 2013).

Obviously, quantifying biodiversity is a challenging task, and work on this and related issues is at an early stage. Still, the use of the GEF-BIO and the NBI permits
some valuable insights in the changes of biodiversity around the globe that result
from productive agriculture in the EU.
ILUC (deforestation, grassland conversion etc.) caused by productivity changes in
EU agriculture lead to changes in biodiversity. These changes can simply be analysed by multiplying the ILUC in a region (in hectare) with the GEF-BIO or the
NBI of that region (in biodiversity index points per hectare). For instance, a loss of
10 000 biodiversity index points would indicate a loss of biodiversity equivalent to a
loss of flora and fauna on 100 hectares of natural habitats in Brazil (using the
GEF-BIO approach) or in Indonesia (using the NBI approach).

3.2 Data
The calculations of productivity effects in EU agriculture are based on a metaanalysis by the authors. Essentially yields of modern, productive agriculture to low
input farming are compared. Many studies have been conducted comparing these
two types of farming in the EU at large or in a single EU member state. In fact,
almost all of the studies considered compared conventional with organic farming
systems. The yield impact isolated from these studies is the nucleus for the present
analysis.
The following three peer-reviewed meta-analyses comparing productive and low
input agriculture have been particularly helpful:
x

The crop yield gap between organic and conventional agriculture for 362
country-crop cases in world agriculture was analysed by de Ponti et al. (2012).
In particular, they considered the results of 132 EU-specific country-crop cases
which had been published in 45 academic articles.
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x

Seufert et al. (2012) published results of a meta-analysis comparing roughly
200 country-crop cases. 145 of them relate to EU agriculture. They had been
published in 19 research papers.

x

Tuomisto et al. (2012) focus on differences of organic and conventional farming practices in Europe. They consider 78 EU-specific country-crop cases,
which had been published in 22 scientific papers.

Although these three meta-analyses already provide a rather broad spectrum of
research findings on yield impacts across the EU and for major crops in arable
farming, data gaps still exist. Data availability with respect to Eastern European
member states and some oilseed crops and pulses is particularly weak. To fill the
gaps, more than 30 other, partly peer-reviewed, research papers have been analysed and 337 additional country-crop cases could be identified. The sources are
provided with Annex 2. Against this background, figure 3.4 gives an overview on
the data base used for the purpose of this study: to determine the yield impact of
productive agriculture vs. low input farming in the EU.
Figure 3.4: Data sets generated to define an initial yield impact for
analysing benefits of productive agriculture in the
European Union

Source: Own figure and compilation based on de Ponti et al. (2012), Seufert et al. (2012), Tuomisto et
al. (2012) and 32 other sources.
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Altogether almost 700 country-crop cases have been filtered. Data from laboratory
experiments and from study environments far away from practical agriculture
have been excluded from the analysis to obtain a realistic picture about yields on
field. This is the broadest spectrum of available information on yield effects of
productivity in EU agriculture, which has ever been analysed.
Furthermore, data have been grouped per crop and EU region. Finally, the yield of
low input farming has been calculated relative to productive agriculture. The results are exhibited in figure 3.5. As becomes obvious, EU yields in low input farming are considerably lower than in productive agriculture. The average, i.e. hectareweighted, crop-specific yield depressions are within a range of –38 and –22 per
cent. The yield impact is larger for major European crops such as wheat and
oilseed rape and smaller for other cereals and oilseeds as well as sugar crops and
pulses. For the EU as a whole and across all crops, the (again hectare-weighted)
yield depression in low input farming is –31 per cent.
Figure 3.5: Yield of low input farming relative to productive agriculture
in the European Union (in per cent)
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This specific outcome is crucial for the entire analysis of social benefits of productive agriculture in the EU and needs to be stress-tested, therefore:
x

Seufert et al. (2012) conclude that overall yields in low input farming are 34 per
cent below yields in productive agricultural systems.

x

Advocates of organic farming systems arrive at similar results. According to
Niggli et al. (2010), yields in low input farming systems such as organic farming in Central Europe average 65 per cent of conventional farming for wheat
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(here: 65 per cent), 78 per cent for corn (here: 82 per cent), 70 per cent for
other cereals (here: 68 per cent), 75 per cent for oilseeds (here: 74 per cent),
58 per cent for potatoes (here: 69 per cent), and 76 per cent for pulses (here:
77 per cent).
x

Official statistics for Germany indicate even higher yield gaps of organic
farming compared to those calculated here: This analysis is based on Germanyspecific yield differences of –44 per cent in wheat, –33 per cent in other cereals, and –30 per cent in potatoes. Official data sources (BMELV, various
years) suggest for Germany –55 per cent in wheat, –49 per cent in other cereals,
and –45 per cent in potatoes. So does LEL and LfL (2013): –54 per cent in
wheat and –43 per cent in potatoes.

x

In addition, it should be noticed that most studies underestimate the yield
gap. The results reported by de Ponti et al. (2012), Seufert et al. (2012) and
Tuomisto et al. (2012) are usually based on one year only. This short time period
neglects the typical rotation in low input farming which often includes occasional fallow or legumes and thus no cash crops.

In sum, the yield gaps used in this study are rather conservative and tend to underrate the yield gap between low input farming and productive agriculture in the
EU. Therefore the benefits reported in the following represent a lower bound for
the actual benefits.

4.

Benefits of productive agriculture in the
European Union

4.1 Effects on markets, global food security and European
social welfare
In this section, the market and price effects of productive agriculture in the EU will
be analysed first. Then, the implications for world food security will be discussed
and the social welfare effects for the EU will be quantified.
In general, a more productive technology makes more efficient use of the scarce
agricultural resources. Farmers can produce more commodities and have lower
production cost. This benefit to farmers is referred to in economics as producer surplus. Consumers benefit as well, as they have more agricultural goods available at
a lower price for them. This benefit to consumers is referred to as consumer sur-
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plus. Together consumer and producer surplus represent the benefit to the economy which is called social welfare.
The production effect of productive agriculture relative to low input farming in the
EU is depicted in figure 4.1:
Figure 4.1: Additional crop supply of productive agriculture in the
European Union, average for the years 2010-2012 (in million t)
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Source: Own figure and calculations.

For grains in total the production effect is almost 100 million tons. More than half
of it is accounted for by wheat, which is not that surprising, as wheat is the most
important single crop. Oilseeds in the aggregate contribute more than 10 million
tons, while sugar beets, potatoes and pulses contribute between 2 and 5 million
tons.
It is now 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 food will be much higher than in the past (e.g., FAPRI, 2013; Kirschke
et al., 2011; OECD and FAO, 2013; von Witzke et al., 2009). This raises concerns
about world food security (e.g. de Schutter, 2011). Obviously, productive agricultural practices have the potential to alleviate these concerns.
Figure 4.2 depicts the market price effect of productive agriculture relative to low
input farming in the EU; i.e. the avoided price increases. As expected the numbers
are highest in markets in which the EU is a large producer relative to total market
size. This is the case in wheat, barley and oilseed rape, where the price effect ex-
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ceeds 15 per cent. It is also interesting to note that there is a considerable price
effect in soybeans although soybean production in the EU is not at all that important. The reason for this is simply a substitution effect. The price effect of
oilseed production changes in the EU (being 10-15 per cent for major oilseed crops)
spills over to soybeans.
Figure 4.2: Avoided price increases on world agricultural markets of
productive agriculture in the European Union (in per cent)
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Source: Own figure and calculations.

A rather high market volume contributes to market stabilisation as well. Two aspects have to be distinguished:
x

Significant production growth through productivity growth acts to reduce
international agricultural commodity price spikes (von Witzke and Noleppa,
2011b). Two such price spikes – caused by a number of factors such as the
price of oil and freight rates, world population growth and income growth, the
devaluation of the US Dollar, export restrictions and to a lesser extent biofuel
policies – have happened since the turn of the millennium and raised additional concern with respect to food security.
The amplitude of price spikes can be calculated using a rather simple empirical method of analysing the effects of supply and demand determining variables on commodity price changes. This method is based on a decomposition
analysis of iso-elastic short-term supply and demand functions; it is documented in Kirschke et al. (2011). Its application to this analysis leads to the
following result, exemplified for the wheat market:
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The price of wheat rose by more than 77 per cent between January 2007 and
July 2008 (von Witzke and Noleppa, 2011b). Without additional production
due to productive agriculture in the EU this price spike would have been even
higher: The wheat price would probably have increased by at least 85 per
cent. Hence, it can be concluded that a higher market volume due to productivity increases minimises short-term price changes following erratic market
developments.
x

Agricultural commodity prices indeed tend to be rather volatile for a number
of reasons. First, production depends on weather phenomena as well as plant
and animal diseases. Second, both supply and demand are inelastic with regard to the price – at least in the short-run. Third, supply reaction to changing prices may take up to one and more vegetation periods (Gilbert, 2010;
Gilbert and Morgan, 2010; FAO, 2011; von Witzke and Noleppa, 2011b). In
such an environment, a productive agriculture plays an important role in reducing the negative effects of price volatility on commodity markets. Keeping
the production quantity high from season to season is crucial for increasing
the market volume on agricultural commodity markets. The reason for this
lies in the importance of stocks for agricultural commodities and the necessity
to keep them high.
Many commodities, including grains and oilseeds, can be stored for a year
and often longer at moderate cost. As long as there is enough storage space
available, the effects of short-term fluctuations in supply or demand on prices
are cushioned through increasing or declining stocks (e.g. Abbott et al., 2009;
Balcombe, 2009; FAO, 2009b; OECD, 2008; Wright, 2011b). These authors
argue that high stock levels tend to decrease price volatility, while low stocks
can increase price volatility, especially during supply or demand shocks.
A growing demand for agricultural products coupled with stagnating or low
productivity increases will put additional pressures on stocks (FAO, 2011).
When following the path of low input farming it is likely that those pressures
will be aggravated (Wright, 2010). A productive agriculture will increase the
market volume that helps to build stocks which function as shock absorbers
and help keep price volatility low (Wright, 2010; FAO, 2011).

A look at the nutrient content of the production increase caused by productive agriculture in the EU enables calculating the impact on world food security, all other
things (food access conditions) being equal. According to FAO (2013), the average
person on earth consumes 2828 kcal, 79 grams of vegetable proteins and 81 grams
of vegetable oils per day. Given the crop-specific nutrient contents (obtained from
FAO, 2013), the additional production caused by productive agriculture in the EU
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would provide enough carbohydrates for more than 400 million humans, enough
vegetable proteins for almost 350 million people, and vegetable oils for close to 300
million humans, as figure 4.3 depicts.
Figure 4.3: Additional potential global food supply for world population
of productive agriculture in the European Union
(in million humans)
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Source: Own figure and calculations.

Remember that the productivity difference between low input farming and productive agriculture in the EU is –31 per cent. Therefore, each percentage point of
productivity forgone in EU agriculture would reduce the food availability for more
than 10 million humans. It becomes obvious: In a world where still at least 870
million humans are malnourished (FAO et al., 2012), productive agriculture in the
EU is a key contribution to world food security. These results lend strong support
to Pingali’s (2012) argument that crop yield growth is an effective mean to reduce
undernourishment.
The social welfare effects (the sum of producer surpluses and consumer surpluses)
of productive agriculture in the EU for the crops included in the analysis and in
total are listed in figure 4.4 by market.
Figure 4.4: Additional social welfare in the European Union of productive
agriculture in the European Union (in billion EUR)
Crop
Social Welfare
Crop
Social Welfare
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Source: Own figure and calculations.
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In total, the social welfare gain for the analysed crops as well as on other markets
(not displayed in the figure) amounts to EUR 16.2 billion. Again, wheat has the
largest effect. Almost half of the total social welfare gain is attributable to this
crop. Other cereals contribute EUR 3.4 billion. Oilseed crops add a total of more
than EUR 2 billion, and so does sugar.
From a national account point of view, the economic term social welfare can principally be compared to the gross value added. According to latest information, the
gross value added in European agriculture totals approximately EUR 130 billion
(BMELV, 2013). This implies that without productive agriculture in the EU this
number would decline by more than 12 per cent.
A comparison of these results with those obtained by other authors yields the following insights:
x

A similar analysis by von Witzke and Noleppa (2011a) for Germany resulted
in a EUR 4 billion loss. Given the share of German agriculture in the EU
farming sector this is by and large consistent with the result of this study.

x

An analysis of Schmitz et al. (2011) for 2006 yields the result that a reduction
in productivity which is about half of the magnitude used in this study results
in a social welfare loss of up to EUR 6 billion. Remember that prices then
were much lower and, thus, the welfare loss is lower.

x

di Tullio et al. (2012) report that a 13 per cent yield decline in wheat in the
EU would result in a welfare loss of EUR 4.6 billion.

In sum, the results obtained so far are in the expected range. They are also consistent with results reported by others and imply that each percentage point of
productivity forgone in EU agriculture would result in a social welfare loss of approximately EUR 500 million, almost equal to the gross value added of agriculture
in Slovakia (BMELV, 2013).

4.2 Effects on rural income and employment
So far the analysis has been restricted to agricultural producers and consumers.
However, agriculture is linked to the upstream industries on the input markets
and to the downstream industries on the commodity and retail markets. Higher
productivity leads to more production, all other things being equal. This in turn
creates additional income and jobs in the economic sectors related to agriculture. In
the following, these effects will be quantified. The analysis is based on a multiplier
analysis which has been presented above and focusses on rural areas.
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Starting point for the income analysis is the producer surplus generated by productive agriculture relative to low input farming. To be methodologically consistent,
this surplus is considered an approximation of the agricultural GDP. The calculations are then based on the income, i.e. GDP multipliers presented in figure 3.1.
Thus, figure 4.5 depicts the additional GDP generated by productive agriculture in
the EU.
Figure 4.5: GDP impact of productive agriculture in the European Union
(in billion EUR)

GDP effect:
+26.3

Agricultural GDP
Multiplier effect in value chains

Source: Own figure and calculations.

It is the sum of the agricultural GDP and the GDP generated in upstream and
downstream industries. It amounts to more than EUR 26 billion, a monetary value
equivalent to the Latvian GDP (IMF, 2013). The additional producer surplus is
EUR 15.5 billion while the additional GDP in upstream and downstream industries
amounts to almost 11 billion EUR.
The income effect of productive agriculture in the EU should now be analysed for
labour which is directly engaged in arable farming and in cultivating the crops under consideration, i.e. in crop-specific activities such as tillage, sowing and drilling,
monitoring, applying fertilizers, irrigation, pest management, harvesting,
transport of primary and secondary products from the field, and other area-related
management efforts. To calculate the effect, primary information from the FADN
based on DG AGRI (2012; 2013) is used. These data were double checked using
KTBL (2012) information. Accordingly, productive agriculture in the EU affects
approximately 1.1 million AWU. Dividing the already above mentioned producer
surplus of around EUR 15.5 billion by these 1.1 million AWU yields the result that
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this type of agriculture generates an additional agricultural income relative to low
input farming of almost 14 000 EUR/AWU.
This is quite remarkable, as the annual farm net value added (FNVA) – the comparable income indicator within the FADN – during the past three years had been
17 800 EUR/AWU (DG AGRI, 2013). This implies that without productive agriculture in EU the FNVA would have been approximately 3 800 EUR/AWU – even if
present direct payments and other farm subsidies would continuously be transferred (see figure 4.6).
Figure 4.6:

Income induced by productive agriculture in the
European Union and other income in arable farming in the
European Union (farm net value added in EUR/AWU)
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Source: Own figure and calculations based in DG AGRI (2012; 2013).

In short, a one per cent higher (lower) productivity in EU agriculture acts to increase (reduce) agricultural income by about 500 EUR/AWU. However, regional
differences are apparent:
x

In Bulgaria, e.g., where the current FNVA is only around 11 500 EUR/AWU
the absence of productive agriculture would certainly result in a negative
FNVA.

x

In Germany, to take another example, where the FNVA is fairly high at almost 42 000 EUR/AWU a full conversion from productive agriculture to low
input farming would still lead to a decline in income of probably more than
one third.

The income losses reported above establish a lower bound for the actual income
losses, as low input farming tends to be more labour intensive (Cisilino and Madau,
2007; KTBL, 2010; 2012). Accounting for the labour intensity difference between
low input farming and productive agriculture would increase farm employment by
approximately 310 000 AWU. Instead of 1.1 million AWU (see above), 1.4 million
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AWU would have to share the remaining income to be generated in arable farming
if productive agriculture in the EU was discontinued. As a consequence, the component of other income as part of the FNVA (see figure 4.6) would decline from
3 800 to 3 100 EUR/AWU.
At first glance, the labour market effect of converting productive agriculture in the
EU to low input farming practices appears to be small, but positive. As mentioned
above, 310 000 AWU would be created as a result of more labour intensive low input farming. The corresponding decrease in production and buying-in of inputs,
however, would cause some turbulence upstream and downstream the agricultural
value chain. Using the job multipliers displayed in figure 3.1, productive agriculture in the EU currently creates 267 000 additional AWU in upstream and downstream industries of the agricultural value chain of which almost 100 000 would be
lost.
In addition, the average rural income effect would be rather low. According to
Ecorys (2010), more than half of the population of the EU lives in predominantly or
intermediate rural areas. These regions provide 53 per cent of total employment of
the EU. The total work force is about 216 million (Eurostat, 2013), 114.5 million of
them work in rural areas. The overall GDP impact in rural areas of productive agriculture in the EU is EUR 26.3 billion (see figure 4.5). This translates to a net income increase of just 230 EUR/AWU. Another aspect is that many people live in
rural areas but work in cities and urban regions – an effect that dilutes the per
capita income effect.
Arguing more realistically, it may be expected that a full conversion from productive agriculture to low input farming in the EU would not only jeopardise the income and jobs of more than one million AWU engaged in arable farming, but also
all the additional work force related to farming in the EU, i.e. (most of) the AWU
upstream and downstream the value chain as well as unpaid family labour on
farm, which has not been taken into account here at all, but is currently subsidised
through market income effects.

4.3 Effects on agricultural trade and the net virtual land trade of
the European Union
Changing market conditions also affect trade volumes. The resulting changes in
trade volumes of productive agriculture vs. low input farming in the EU are depicted in figure 4.7. Notice that the traded processed and semi-processed products have
been converted back to the commodity level (see above and Noleppa and Cartsburg,
2013).
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Figure 4.7: Agricultural trade volumes with and without productive
agriculture in the European Union (in million t)
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Source: Own figure and calculations based on Noleppa and Cartsburg (2013).

As can be seen, productive agriculture in the EU generates large additional trade
volumes:
x

Wheat and wheat products are currently, on balance, exported (almost 12
million tons). Converting to low input farming in the EU would cause a decline in trade volumes of almost 45 million tons. The EU would become a net
importer. On balance, 33 million tons of wheat would be imported.

x

In corn, the EU already is in a net importing position. Imports would increase
from 3 to more than 18 million tons.

x

For the other cereals, the EU would become a net importer. Instead of net
exporting more than 6 million tons, the EU would end up importing more
than 14 million tons of other cereals such as barley, rye, and oats.

x

In oilseed rape, the EU is presently a net importer. Net imports would increase by 150 per cent to more than 6 million tons with low input farming.

x

The large net imports in other oilseeds would also increase by roughly 4 million tons leading to a net import volume of more than 50 million tons if productive agriculture was discontinued.
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x

In raw sugar, net imports would increase as well. Without productive agriculture in the EU, net imports would be three times as high as they are now resulting in a net import of almost 7 million tons.

x

Only in potatoes, the EU would remain a net exporter. However, the net
trade volume would shrink by 60 per cent to less than 2 million tons.

x

In pulses, imports, on balance, would also increase.

In sum, the EU agricultural trade deficit, when broken down to the commodity level, would worsen considerably. This would increase the carbohydrate, protein and
oil deficit which is rather high already (see Noleppa, 2013).
The reductions in exports and the increases in imports of low input farming relative to productive agriculture would also change the balance of EU net imports of
virtual agricultural land. This is depicted in figure 4.8.
Figure 4.8: Avoided net virtual land trade of productive agriculture in
the European Union, by primary crops (in million ha)
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Source: Own figure and calculations.

On balance, about 25 million hectares of virtual agricultural land were imported by
the EU in 2010-2012 (see figure 3.2). Switching from productive agriculture to low
input farming in the EU would increase EU net imports of virtual agricultural land
by 37.7 million hectares. This would be an increase of 150 per cent and represents
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an agricultural acreage which exceeds the entire territory of a country of the size of
Germany. The bulk of the growth in net land imports is caused by wheat and other
grains followed by pulses. The total net import of virtual agricultural land would,
thus, amount to 62.5 million hectares. This is equivalent to twice the territory of
Poland.
The results also imply that one per cent of agricultural productivity growth reduces
EU net imports of virtual agricultural land by about 1.2 million hectares. This is
equivalent to the territory of Cyprus or the German Federal State of MecklenburgWestern Pomerania.
The regional distribution of the additional imports of virtual agricultural land is
listed in figure 4.9. More than 10 million hectares would come from the Commonwealth of Independent States (CIS), while almost 7 million and 5.4 million hectares
would be located in North and South America respectively. Africa would contribute
4.5 million hectares, while Middle East and North African (MENA) countries would
account for 4.9 million and Oceania for 1.9 million hectares.
Figure 4.9: Regional distribution of avoided net virtual land imports of
productive agriculture in the European Union (in million ha)
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Source: Own figure and calculations.

4.4 Effects on the global GHG balance
Estimates suggest that the global agricultural acreage will be expanded by 45 million hectares between 2010 and 2020 (Marelli et al., 2011; Laborde, 2011) even if
productivity growth continues as in the past. As could be shown in the previous
section, without productive agriculture in the EU the acreage expansion would almost be twice as high.
As has been demonstrated, in the CIS this would mean that 10 million hectares
have to be won by re-cultivating land that had been abandoned after the collapse of
the Soviet Union and/or by converting prairie into farm land; the MENA region
would have to expand its own agricultural acreage and/or virtual land use in other
regions by almost 5 million hectares; the Americas would have to expand the agri-
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cultural acreage by about 12 million hectares. All this land is presently a store of
carbon – both above and below ground. A lot of this carbon would be released into
the atmosphere in the form of CO2 if the land was used for farming. The amount of
CO2 emitted per newly cultivated hectare in the regions of the world has been exhibited in figure 3.3 above.
Multiplying these numbers by the expansion of the acreage in these regions yields
the CO2 emissions avoided by productive agriculture in the EU. This is listed in
figure 4.10.
Figure 4.10: Additional global CO2 emissions in the absence of productive
agriculture in the European Union (in million t)
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Source: Own figure and calculations.

In total, productive agriculture in the EU avoids about 6.8 billion tons of CO2 emissions around the globe. Putting this number into perspective is challenging since
the CO2 savings reported here have to be considered a one-time-only effect, whereas available sector and national emissions are annual releases. For an easier comparison, emissions from ILUC are usually annualised by dividing the total emissions by 20 (e.g. Laborde, 2011; Noleppa, 2012). The avoided ‘annualised’ CO2
emissions of productive agriculture in the EU would, thus, amount to approximately 340 million tons.
Figure 4.11 puts this into perspective and displays both, the avoided ‘annualised’
CO2 emissions of productive agriculture in the EU and total annual GHG emissions
of selected European countries. As can be seen, the avoided ‘annualised’ CO2 emissions of productive agriculture in the EU exceed the total GHG emissions of Spain
and are almost equal to those of France. They are only slightly lower than the
annual GHG emissions of the United Kingdom and almost half as large as those of
Germany.
It is interesting to note also, that the EU-27, according to latest available figures,
emits 3.79 billion tons of CO2 equivalents (JRC, 2011). In other words: This GHG
emission inventory would increase by almost 10 per cent if additional ‘annualised’
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CO2 emissions via ILUC in the absence of productive agriculture in the EU were to
be taken into account.
Figure 4.11: Avoided ‘annualised’ CO2-emissions of productive agriculture
in the European Union and total annual greenhouse gas
emissions of various countries (in million t CO2 equivalents)
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Source: Own figure and calculations based on JRC (2011).

Another argument points to the extraordinarily high CO2 emissions, which are
avoided by productive agriculture in the EU. According to most recent information
of the Intergovernmental Panel on Climate Change (IPCC), the annual global CO2
emissions of farming on the presently used land through tilling, seeding, fertilizing,
harvesting, and other on-farm activities are in the range of 5.1 to 6.1 million tons
(Smith et al., 2007). Other authors have come up with different estimates, however.
Their numbers are in the range of 5.4 to 12.7 million tons of CO2 equivalent
(Eugster and Buchmann, 2011; Tubiello et al., 2013; Vermeulen et al., 2012). By
and large, the total CO2 savings of productive agriculture in the EU (over an assumed time period of 20 years) are, hence, equal to annual GHG emissions of global
farming.
The numbers on GHG emissions calculated in this research paper also imply that
low input farming would significantly hamper EU member states attempts to reduce GHG emissions, because a per cent increase in EU agricultural productivity
acts to save 220 million tons in CO2 emissions. This is equivalent to the initial and
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rather ambitious emission reduction target of Germany formulated in the country’s
climate and energy programme (BMU, 2007).
So far this analysis has focused on ILUC-induced, i.e. indirect GHG emissions
avoided due to productive agriculture in the EU. One might also expect that the
direct GHG emissions differ between productive agriculture and low input farming
in the EU. However, the empirical evidence suggests that there are no major differences in this regard between both types of farming if only direct GHG emissions
are measured per unit of production (see, e.g., Bos et al., 2007; Hillier et al., 2009;
Hülsbergen and Rahmann, 2012; Klimekova and Lehocka, 2007; Mondelaers et al.,
2009; Venkat, 2011; von Witzke and Noleppa, 2012; Williams et al., 2006).
In addition, a re-allocation of agricultural production from the EU to other world
regions probably leads to additional direct GHG emissions (e.g. Isermeyer et al.,
2010; von Witzke and Noleppa, 2012). Hence, on balance, productive agriculture in
the EU contributes much more to mitigate climate change than low input farming
(see also Lybbert and Sumner, 2011; Valin et al., 2013).

4.5 Effects on global biodiversity
Traditional analyses of agricultural productivity effects usually cover the social
welfare effects of changes in commodity markets. Some also consider effects on upstream and downstream industries and/or indirect land use changes and GHG
emissions. So far no analysis has attempted to quantify the loss of biodiversity due
to agricultural productivity changes. This study is the first to do so.
Remembering that productive agriculture in the EU avoids the conversion of
around 37.7 million hectares of natural habitats into agricultural use in other
world regions. Two methods for capturing the biodiversity effects (see chapter 3.1)
are employed: One is the NBI and the other one is the GEF-BIO approach. The
results of the analysis are depicted in figure 4.12.
Based on the GEF-BIO, about 860 million biodiversity index points would be lost
by converting productive agriculture in the EU back to low input farming. This is
equivalent to the biodiversity found in 8.6 million hectares of Brazilian rainforest.
The current cutting rate in the Brazilian Amazon Forest is at 0.54 million hectares
annually (OBT, 2013). This implies that the loss of biodiversity from low input
farming in the EU equals 16 years of deforestation in the Amazon region at current
pace.
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Figure 4.12: Globally preserved biodiversity of productive agriculture in
the European Union (in million biodiversity index points)
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Source: Own figure and calculations based on CBD (2010) and World Bank (2013a).

The NBI suggests an even larger loss in biodiversity. It would decline by 1.77 billion index points. Latest available figures for Indonesia, the country for which the
NBI gets 100 index points per hectare, indicate a loss of almost 30 million hectares
of rainforest from 1990 to 2005 (Leigh, 2011). Low input farming in the EU would
have reduced the biodiversity by even 50 per cent more (biodiversity on an additional 17.7 million hectares).
In sum it becomes apparent that productive agriculture in the EU does not only
help to preserve natural habitats but also avoids huge losses in biodiversity. Each
per cent of additional agricultural productivity in the EU protects global biodiversity that can principally be located on ‘species-richest’ areas accounting for:
x

almost 300 000 hectares (using the GEF-BIO approach); this is more than the
territory of Luxembourg, and

x

almost 600 000 hectares (using the NBI approach), twice the territory of
Luxembourg.

Figure 4.13, finally, depicts the regional distribution of biodiversity preserved by
productive agriculture in the EU. As can be seen, most of the biodiversity losses
avoided would be located in four regions of the world, namely North America,
South America, the CIS, and Oceania. This is the result of both, avoided acreage
expansion and biodiversity on that land.
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Figure 4.13: Regional distribution of potential biodiversity losses of
converting productive agriculture to low input farming in the
European Union

Source: Own figure and calculations.

So far, the analysis has focused on effects on biodiversity of productive agriculture
in the EU at the global level. However, biodiversity inside the EU matters as well,
including its link to and value for ecosystem services.
Ecosystems provide a wide range of services to humankind. According to the Millennium Ecosystem Assessment Board (2005) and Power (2010), ecosystem services
generate food and water, regulate climate and diseases, support nutrient cycles
and crop pollination, and add cultural, i.e. spiritual and recreational benefits.
Biodiversity is an essential part of ecosystems and, hence, the services it provides.
Feeding a rapidly growing world population with low input farming practices
would leave less room for a green infrastructure. In contrast, productive agriculture helps maintain and even create valuable ecosystems and their services (e.g.
Swift et al., 2004; Swinton et al., 2007). In particular, it acts to increase the number of options for land sharing (supporting species with a rather broad global scale)
and land sparing measures (helping species with a comparably small global range
to establish and survive) (e.g. Benayas and Bullock, 2012; Martin, 2012).
Productive agriculture in the EU already led to a rather broad diversity of habitats
close to and within farmed land such as field margins and mosaics, edge habitats,
ditches, hedge row plantations, ponds, perches and nest boxes, stone mounds and
huts, longitudinal landscape features, buffer strips, etc. (e.g. Benayas and Bullock,
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2012; Christen and Dalgaard, 2013) and permits to establish protected areas. The
benefits are obvious:
x

All of these habitats can be considered biodiversity hotspots and support connectivity of biodiversity. Specific elements of biodiversity are created or restored and particular services of biodiversity, such as pollination, are assured
(again, Benayas and Bullock, 2012; Christen and Dalgaard, 2013).

x

They are also a proper way to purify water and air as well as to regulate water flows and the micro climate.

x

Currently, Europe faces a decline in biodiversity. The habitats suitably managed in parallel to productive agriculture in the EU certainly contribute to
minimise this decline and will be able, in the long run, to provide a suitable
solution for reversing this negative trend.

x

Finally, these habitats, rich in biodiversity, preserve specific ecosystem services the rural economy depends on. Recreation activities and the tourism
market would be heavily endangered without current agro-biodiversity and
biodiversity in the other ecosystems.

To conclude, an argument of Gabriel et al. (2013) shall be raised: Low input farming does not do better than productive agriculture in providing biodiversity. Instead, productive agriculture in the EU allows for a meaningful habitat management and has, therefore, the potential not only to provide high yields, but to improve biodiversity and related ecosystem services (Gabriel et al., 2013).

5.

Concluding remarks

This study demonstrates that productive agriculture in the EU acts to (a) increase
social welfare by generating additional income to farmers and by providing a
greater quantity of less expensive food for to meet the rapidly growing needs of the
world, (b) stabilise agricultural commodity markets and reduce price volatility, (c)
generate additional income in upstream and downstream industries related to the
agricultural value chain, (d) create jobs in particular in rural areas of the EU, (e)
preserve valuable natural habitats, (f) reduce CO2 emissions resulting from a reduction in the expansion of the global agricultural acreage, and to (f) protect and
enhance biodiversity and ecosystem services around the globe.
As has been shown in this paper, productive agriculture in the EU contributes to at
least ten social, economic and environmental values:
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Increasing yields
The use of sustainable and efficient production technologies in EU agriculture
increases yields per unit of arable land. On average and across all major arable crops harvested in EU member states, yields would be 31 per cent lower
in low input farming compared to productive agriculture in the EU (figure 3.5).

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 100 million tons of cereals and 10 million tons of oilseeds can be produced with productive agriculture in the EU. This acts to stabilise markets and to reduce
price volatility (figures 4.1 and 4.2).

3.

Increasing potential world food supply
Productive agriculture in the EU is indispensable for reaching the millennium goal on combating hunger and malnutrition and improves the world food
security situation. Given current global per capita rates of nutrient consumption, this assures additional availability of carbohydrates, proteins and vegetable oils to feed 300 million humans and more (figure 4.3).

4.

Generating economic prosperity and increasing social welfare
Productive agriculture in the EU generates additional economic prosperity by
increasing the GDP. The entire agricultural value chain, from the input supplier to the final consumer, gains. In total, productive agriculture in the EU
generates an additional social welfare gain of almost EUR 16 billion in the
agricultural sector alone and it adds more than EUR 26 billion to the EU’s
GDP (figures 4.4 and 4.5).

5.

Creating additional farm income and securing agricultural jobs
Productive agriculture in the EU also acts to secure employment and to increase the income of farmers and agricultural employees. On average, approximately 14 000 EUR/AWU, i.e. more than three quarters of the income of an
arable farmer in the EU are technology-induced (figure 4.6).

6.

Maintaining rural livelihood
Disparities between rural and urban regions are reduced. Although the net
employment effect of converting to low input farming is very small in rural
areas, income losses would be so severe that economic sustainability of much
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more than one million people and thus rural livelihood in many European regions might be jeopardised.
7.

Improving the agricultural trade balance
Productive agriculture 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 productive agriculture, the EU would become a net importer in all major arable
crops (figure 4.7).

8.

Minimising net virtual land imports
In addition, it minimises the net virtual land imports of the EU, which currently amount to 25 million hectares. In the absence of productive agriculture
in the EU the global agricultural acreage would have to be expanded by almost 38 million hectares (figure 4.8 and figure 4.9).

9.

Reducing CO2 emissions
This acts to preserve natural habitats and to reduce GHG emissions resulting
from an expansion of the acreage. Indeed, productive agriculture in the EU
not only emits fewer GHG, it also secures that less CO2 is emitted as it helps
to avoid negative land use change. In total, productive agriculture in the EU
avoids about 6.8 billion tons of indirect CO2 emissions around the globe (figures 4.10 and 4.11).

10.

Preserving biodiversity and maintaining ecosystem services
Finally, productive agriculture in the EU generates a large positive biodiversity effect. Without it, additional biodiversity, which is equivalent to 8.6 million hectares of Brazilian rainforest or 17.7 million hectares of Indonesian
rainforest, would be lost (figures 4.12 and 4.13).

As has been demonstrated, low input farming averages 31 per cent lower yields
than productive agriculture in the EU. This implies, in essence, that each percentage point of agricultural productivity gained in EU:
x

allows to feed more than 10 million humans per annum,

x

increases the annual social welfare generated in European agriculture by
approximately EUR 500 million,

x

contributes EUR 500 to the annual income of an average EU arable farmer,
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x

reduces EU’s net virtual land imports by about 1.2 million hectares,

x

acts to save 220 million tons in CO2 emissions, and

x

preserves global biodiversity equivalent to fauna and flora of up to 600 000
hectares of rainforest.

The objective of this study was to provide science-based evidence of the multiple
social, economic and environmental benefits of productive agriculture in the EU.
This is the first analysis of this kind. The results lend support to the basic hypothesis of this study – that productivity matters – and are expected to provide important information that will facilitate an objective public debate on the productivity issue.
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