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Abstract

The report presents an overview of the historical and projected development of agricultural GHG emissions in the EU. The
major objective of the report is to present the improvements made in the CAPRI modelling system with respect to GHG
emission accounting and especially regarding the implementation of endogenous technological mitigation options.
Furthermore, the CAPRI model was applied to provide a quantitative assessment of illustrative GHG mitigation policy
options in the agricultural sector, and their production and economic implications.
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Executive Summary

The European Commission has started to reflect on the future energy and climate change
policy framework for the period post-2020. With respect to the agricultural sector the
challenge for the EU is to position agriculture to further contribute to achieving reductions
in GHG emissions without excessively compromising the competitiveness of EU agriculture
and its ability to contribute meeting growing global food demand. Identifying the best
options to tackle the challenge requires a comprehensive impact assessment of a wide
range of possible technological, management and policy measures.

Within this context the European Commission launched in 2013 the project 'Economic
assessment of GHG mitigation policy options for EU agriculture' (ECAMPA). The objectives of
the project were: (1) Providing a description of the historical development of agricultural
GHG emissions in the EU. (2) Improving the CAPRI (Common Agricultural Policy Regional
Impact Analysis) modelling system with respect to GHG emission accounting and especially
regarding the implementation of endogenous technological mitigation options. (3) Applying
the improved CAPRI model to provide a quantitative analysis of illustrative GHG mitigation
policy options for EU agriculture.

It is important to stress that the project results have to be seen in the light of the specific
assumptions made. For instance, different assumptions on the availability and uptake of
technological mitigation options, and agricultural productivity growth inside and outside the
EU could significantly alter the scenario results.

Agriculture's GHG emissions currently account for 10 % of total EU GHG emissions

The study follows the Common Reporting Format (CRF) of the United Nations Framework
Convention on Climate Change (UNFCCC), where the source category 'agriculture' only
covers the emissions of nitrous oxide and methane. According to the CRF, emissions (and
removals) of carbon dioxide (CO,) from land use, land-use change and forestry (LULUCF)
activities as well as CO, emissions related to energy consumption at farm level (e.g. in
buildings and machinery use) or to the processing of inputs (e.g. mineral fertilizers) are
attributed to other sectors and hence, unless specifically indicated otherwise, not
considered in the report at hand.

According to official inventories of the Member States, GHG emissions in the source
category 'agriculture' accounted for 10% of total EU GHG emissions in 2011. The share of
the agricultural emissions in total national GHG emissions varies considerably between EU
Member States (between 31% in Ireland and 2% in Malta), depending on the typology as
well as relative size and importance of the agricultural sector. Main sources of the EU's
agriculture emissions are nitrous oxide emissions from agricultural soil management
(representing 52% of the total agriculture emissions in the EU; mainly due to the application
of manure and mineral nitrogen fertilizer), methane emissions from enteric fermentation
(32%; mainly from cattle and sheep) and emissions from manure management (16%;
methane and nitrous oxide emissions during storage and treatment of manure). Over the
last two decades agricultural GHG emissions decreased by 23% at aggregated EU level, from
about 600 million tonnes CO, equivalents in 1990 to about 460 million tonnes CO,
equivalents in 2011. In most of the Member States more emission decrease was achieved
during the 1990s (-16%), whereas the reduction path significantly slowed down in the time
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period between 2001 and 2011 (-7%). The general decrease in EU GHG emissions can be
attributed to several factors, most of all to productivity increases and a decrease in cattle
numbers, as well as improvements in farm management practices and also developments
and implementation of agricultural and environmental policies.

Modelling approach and selected technological mitigation options

To calculate the GHG emission scenarios, the CAPRI modelling system was further
developed and employed. CAPRI is an economic comparative-static agricultural sector
model with a focus on the EU-27 (at Member State and NUTS-2 level), but also covering
global agricultural production and trade. CAPRI endogenously calculates activity-based
agricultural GHG emission inventories and therefore can define GHG emission effects of
agriculture in response to changes in the policy or market environment. In this study the
calculation of the agricultural emission inventories in the CAPRI model has been further
improved. Furthermore, a first attempt was made to endogenise the choice among a
selected set of technological mitigation options within the CAPRI model.

For the selection of the CAPRI technological GHG mitigation options, the GAINS database
was used, as it already provides mitigation technologies and their cost structure. The
following technologies were considered in the model as options that can be voluntarily
applied by farmers: (i) farm-scale and community-based anaerobic digestion: manure and
slurry storage under anaerobic conditions to produce methane-containing biogas; (ii) use of
nitrification inhibitors to increase the efficiency of the nitrogen applied and at the same
time reduce nitrous oxide emissions from mineral fertilisers; (iii) a better timing of
fertilization, i.e. crop need/uptake and the applying of mineral fertilizer and manure are
more geared to each other which can lead to higher vyields and/or lower fertilizer
requirements; (iv) precision farming as a crop management concept to respond to inter- and
intra-field variability in crops; and (v) changes in the composition of animals' diet (feed):
altering the feed mix of ruminant animals while keeping a required nutritional intake, which
enables a reduction of methane emissions produced during the animals' digestive process.

Other technical and management based GHG mitigation options were not considered in this
study because the technology or necessary information was not identified in the GAINS
database, or the share of land under a commodity and its technological mitigation potential
in the EU is rather negligible (e.g. rice cultivation), the share of the tackled mitigation source
in agricultural GHG emissions is rather small (e.g. agricultural field burning) or the
technology is assumed to be not available commercially by 2030, i.e. not within the
projection period of this study (e.g. specific animal genetic improvements aimed at methane
reduction, vaccination against methanogenic bacteria in livestock rumens).

Scenario set-up

The reference and mitigation policy scenarios take into account the Common Agricultural
Policy (CAP) as it was known when the analysis was conducted, i.e. the measures of the CAP
Reform 2014-2020 are not considered as the exact implementation of some of the
measures were still negotiated at MS level. The projection year for all scenarios is 2030 and
in all scenarios farmers have the possibility to voluntarily apply the covered technological
mitigation measures.
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To investigate the impact of putative measures introducing mandatory targets for GHG
reduction in agriculture, a total of six scenarios were built. Two values for GHG emission
caps were set (at MS and NUTS2 level), requiring reductions of agricultural GHG emissions
of 19% or 28% respectively by 2030 compared to the year 2005. For each of the two cap
values, scenarios simulate either a homogenous distribution of emission caps without trade
in emission permits (HOM19 and HOM28) or with trade in emission permits (HOM19ET and
HOMZ28ET). Furthermore, a heterogeneous distribution of emission caps (HET19 and HET28)
is modelled, based on the distribution key of the Effort Sharing Decision (ESD).

In addition, alternative scenarios were tested in which no mandatory targets are in place but
subsidies for the voluntary uptake of the technological mitigation measures are introduced.
Three scenarios with subsidies of 30% (SUBS30), 60% (SUBS60) and 90% (SUBS90) were
tested.

All policy scenarios are purely illustrative and do not reflect policy measures that are already
agreed on or are under formal discussion. The purpose was to test the feasibility of the
improved CAPRI model.

Reference scenario: total EU agricultural GHG emissions are not significantly lowered by
2030 compared to 2005

The evolution of agricultural GHG emissions in the reference scenario is driven by general
market developments and in some cases the voluntary application of technological
mitigation options (as some farmers apply them if they result in positive income effects). In
this scenario, by 2030 agricultural GHG emissions for the EU-27 are just a mere 0.2% below
year 2005 levels. However, the projection results are quite diverse between the Member
States. The reference scenario indicates that business as usual might not be enough to
trigger reductions in aggregated EU agricultural emissions over the medium-term.

Scenarios with mandatory targets: GHG emission reduction effects

Emission reductions are quite straightforward in the scenarios with the homogenous
reduction targets without trade in emission permits (HOM19 and HOM28) because the
respective 19% and 28% emission reduction obligations (compared to the year 2005) are
met by definition at EU-27 and also at Member State level.

When trade in emission permits is introduced the majority of Member States (18 Member
States in HOM19ET and 20 Member States in HOMZ28ET) show lower net emission
reductions compared to the respective scenarios without tradable emission permits. This
indicates that these Member States are net buyers of emission permits, i.e. it was more
beneficial to buy emission permits instead of reducing GHG emissions by as much as initially
obliged to by the homogenous cap. Net buyers are nine EU-15 and nine EU-N12 Member
States in HOM19ET and ten each in HOM28ET.

In the scenarios with heterogeneous reduction targets (HET19 and HET28), the
commitments of some EU-N12 MS imply that they could actually increase their emissions
compared to the year 2005. However, other constraints, related to agricultural production
and not to emission reduction targets, prevent some of the MS from fully using their
allowed emission possibilities (this effect is particularly pronounced in Romania).
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Scenarios with mandatory targets for GHG reduction: effects on agricultural production

Under the setting of this study, the largest part of the required GHG reduction is realised by
a quantitative adjustment of agricultural production (herd size, yield and cultivated
hectares), especially in the livestock sector. Given the assumptions made on the
technological mitigation options available in 2030, the impact of a change in livestock
production management and technology on GHG emissions is rather limited. However, it
has to be kept in mind that while effects of changes in the feed mix on enteric fermentation
via digestibility have been included in the analysis, some technologies directly addressing
enteric fermentation of cattle, which represents 32% of the agricultural GHG emissions,
have not been considered (e.g. vaccination, propionate precursors). Moreover, the share of
livestock production that can apply the considered technology options is sometimes very
limited and country specific. On the other hand, almost 100% of EU crop production would
potentially use the provided technological mitigation options.

Within the livestock sector, the herd size of beef meat activities is most affected in all
scenarios with mandatory targets for GHG reduction, because reductions of other activities,
for example dairy cows, would entail higher economic losses per unit of emission savings.
Reductions in herd size of beef meat are between 31% (HOM19) and 54% (HET28).
However, the significant decreases in beef herd sizes are not fully reflected in supply, which
decreases between 18% (HOM19ET) and 31% (HET28). The fact that supply in beef meat
activities decreases less than herd size indicates a change in herd structure, with an overall
increase in productivity per cattle. This change is also reflected at Member States level, but
projection results show that in the scenarios with homogenous reduction targets both beef
herd size and production decreases are more pronounced in the EU-N12 than in the EU-15.
On the other hand, in the HET scenarios reduction effects in beef herd and production are
less pronounced in the EU-N12 than in the EU-15, which is due to the generally lower
emission reduction commitments in the EU-N12, allowing the EU-N12 to partially
compensate for the decreases in beef activities in the EU-15. Changes in dairy herd size and
milk production generally show the same pattern as projected for the beef sector, albeit at a
lower level (with decreases in EU-27 milk production between 4% in HOM19ET and 9% in
HOM?28). Utilised agricultural area in the EU-27 is projected to be reduced in all scenarios
(between 6.5% in HOM19ET and 13% in the HOM28 scenarios). Hectares under production
as well as supply decrease for all arable activities in the EU-27, but fodder activities are hit
most by the mitigation policies (which is directly related to the decreases in the livestock
sector). EU-27 cereal area and production are also negatively affected in all scenarios, with
decreases in production between 3% in HET19 and 8% in HOM28.

Scenarios with mandatory targets for GHG reduction: economic effects

As a consequence of the large production decreases in the EU described above, the EU’s
trade balance is projected to worsen for almost all agricultural products, and especially the
EU net trade position for beef deteriorates. Due to the declines in EU production, which are
not compensated by equal imports, all producer prices in the EU are projected to increase.
Scenario results indicate that, in most EU regions, the increase in producer prices and yields
would offset the farmers' income loss caused by reductions in area and animal heads,
leading to increases in total agricultural income at aggregated EU-27 level between 14%
(HOM19ET) and 27% (HOM28) at EU-27 level. However, between 5% (HOM28ET and HET28)
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and 11% (HOM19) of the NUTS-2 regions show negative income effects in the scenarios with
emission reduction targets. Moreover it has to be kept in mind that it is likely that some
farmers might have to leave the sector if they are not able to cope with the GHG mitigation
obligations. Evidently only farmers remaining in the sector would benefit from the projected
increase in total agricultural income. At EU level a major economic impact is reduced
consumer welfare due to higher prices for food, especially for meat and dairy products (e.g.
consumer prices for beef meat are projected to increase by up to 31%).

Scenarios with subsidies for the voluntary uptake of GHG mitigation technologies

In an alternative set of scenarios, the introduction of a subsidy for the voluntary uptake of
GHG emission mitigation technologies is simulated without mandatory emission reduction
targets. Results indicate, as expected, a higher uptake of technologies compared to the
reference scenario. Scenario results also show that the modelled subsidies can be
considered as production neutral, as they entail virtually no production changes in the EU.
However, even with an increased uptake of the selected mitigation technologies the overall
effect on EU GHG mitigation is relatively limited, reaching just an additional 4.5% reduction
of GHG emissions (compared to the reference scenario) when subsidising 90% of the costs
of these technologies.

Emission leakage may considerably downsize the net effects of EU mandatory targets on
global GHG reduction

Finally, the model was used to look at the effects of the scenarios tested on global GHG
emissions (i.e. including non-EU countries). This analysis reveals that scenarios considering
EU-only mandatory targets do not necessarily lead to emission reductions at the global
level, due to emission leakage. If production declines in the EU are not accompanied by
equivalent decreases in EU consumption, part of the EU production decrease may be
replaced by imports, which can cause emissions outside the EU that may considerably
downsize the net effect on global GHG reduction. The scenario results suggest that, even
though they do not involve mandatory emission reduction targets, the modelled subsidies
for the implementation and use of the considered GHG mitigation technologies might
achieve similar net effects with regard to global emissions as the scenarios with mandatory
GHG reduction targets. This can be explained by the negligible impact of the modelled
subsidies on the EU agricultural markets, which entail no production changes in the rest of
the world and hence no emission leakage effects.

Conclusions and further research

The results of the illustrative scenarios with mandatory targets show important impacts on
agricultural production in the EU, especially for the livestock sector. Scenario results also
indicate that the more flexible the mitigation policy instruments are implemented the less
are the production effects on aggregated EU level and hence also any potential emission
leakage effects. However, it is important to keep in mind that these scenarios are
hypothetical and exploratory. Additionally, the study only considers a restricted number of
mitigation technologies as applicable during the projection period. Last but not least, the
estimation of emission leakage effects has several limitations that could lead to over-
estimation (e.g. lack of consideration of technological change over time and indirect effects
of intensity changes in non-EU regions).
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In general, the results of this study should be considered as indicative and understood
within the specific framework of assumptions of the study. Additional phases of this project
are expected to follow and focus on the improvement of the proposed modelling
framework and above mentioned caveats. More specifically, a further improvement of the
CAPRI modelling system is expected regarding the choice of technological mitigation options
for the farming sector, the consideration of carbon dioxide emissions and a more
comprehensive estimation of emission leakage effects. Furthermore, more information on
possible implementation details of the EU climate change framework for 2030 will be
included in follow-up studies.
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1 Introduction

This report is part of the project 'Economic assessment of GHG mitigation policy options for
EU agriculture' (ECAMPA)', which is carried out within the iMAP Administrative Agreement
between DG AGRI and JRC (AA N °AGRI- 2013 — 0223). The work is being realised through a
close cooperation between JRC-IPTS (leading institution), JRC-IES, EuroCARE GmbH and the
Swedish University of Agricultural Sciences.

1.1 Background

The European Union has set itself the target to reach a 20% reduction of greenhouse gas
(GHG) emissions by 2020 compared to 1990. In the current EU climate and energy package
of 2009 a decision was taken to distribute the 20% reduction obligation for the EU-27 to
Member States (under the Effort Sharing Decision, ESD) and industry (under the Emission
Trading Scheme, ETS). The agricultural sector, as non-CO, emitter, was included under the
ESD and, therefore, excluded from the ETS (cf. Council of the European Union, 2009). Thus,
with regard to the ESD in the EU, Member States have binding GHG emission abatement
targets that also include agriculture. However, up to now no explicit policy measures are
implemented that would specifically force GHG emission abatement in the agricultural
sector.

The European Commission has started to reflect on the future energy and climate change
policy framework for the period post-2020 (European Commission, 2013; 2014a). With
respect to the agricultural sector the challenge for the EU is to position agriculture (and the
dependent agri-food sector) to further contribute to achieving climate targets, growing food
demand and trade commitments, while at the same time ensuring that its competitiveness
is not excessively compromised (European Commission, 2011). Identifying the best options
to tackle the challenge requires a comprehensive impact assessment of a wide range of
possible technological, management and policy measures.

In 2012, the JRC-IPTS published a quantitative assessment of the possible impact of the
implementation of specific policy options (such as regionally homogeneous or differentiated
emissions caps and a specific emissions trading scheme for agriculture) to mitigate GHG
emissions in the EU.! Within the context of forthcoming policy discussions for the setting up
of the EU climate change framework for 2030, DG AGRI asked for an updated and further
elaborated study of the potential impacts of future options for the EU's climate policy on
the agriculture sector.

1.2 Objective and scope of the report

This report presents an overview of the historical and projected development of agricultural
GHG emissions in the EU. The main objective of the report is to present the improvements
made in the CAPRI (Common Agricultural Policy Regional Impact Analysis) modelling system

! The report is published as Pérez Dominguez et al. (2012): Agricultural GHG emissions in the EU: An
Exploratory Economic Assessment of Mitigation Policy Options. JRC Scientific and Policy Reports, European
Commission, Seville.
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with respect to GHG emission accounting. Furthermore, the report presents the application
of the CAPRI model to provide a quantitative analysis of illustrative GHG mitigation policy
options in the agricultural sector, and their production and economic implications. Several
scenarios have been built, covering a range of mitigation policy options as well as specific
technological abatement measures and scenarios that consider subsidy schemes to support
the voluntary uptake of the technological measures. The target year for the simulation
scenarios is 2030, which is also the time horizon for the new EU climate policy framework.
At the time of the study, no decision was taken on how EU MS would implement emission
targets. The examined GHG mitigation policy scenarios are intended to explore what could
happen if policies would be implemented that explicitly force farmers in the EU-27 to reach
GHG emission reductions that are in line with the roadmap for moving to a low-carbon
economy in 2050. The policy scenarios are quite rigid and give much less flexibility than
could be expected in more likely policy scenarios.

It has to be highlighted that the policy scenarios are all hypothetical and illustrative, and
they do not reflect mitigation policies that are already agreed on or currently under formal
discussion in the EU.

To project and quantify GHG emissions in the agricultural sector as well as production and
economic impacts linked to mitigation of GHG emissions, the CAPRI modelling system has
been employed. Apart from general model updates and adjustments made for the project,
we improved the CAPRI modules for the accounting of GHG emissions and for emission
leakage. Furthermore, we further enhanced the CAPRI modelling system by implementing
some specific endogenous GHG mitigation technologies. This means that farmers can
choose to voluntarily apply one or more GHG mitigation technologies, with the CAPRI model
calculating endogenously both the uptake by the farmers of the mitigation technologies as
well as the resulting effects on agricultural GHG emissions, income, production and markets.

In the report we first present an overview and the historical developments of agricultural
GHG emissions in the EU (Chapter 2). We then briefly describe the methodological
framework of the study and the endogenous technological GHG mitigation options (Chapter
3). The mitigation potential of the technological options is outlined in Chapter 4. The
background and definition of the scenarios is presented in Chapter 5 and the results of the
model simulations in Chapter 6. Chapter 7 presents an assessment of the effects of
introducing emission leakage into the scenario analysis and in Chapter 8 some concluding
remarks are given.
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2 Agricultural GHG emissions in the EU: overview and
historical developments

This chapter presents a brief overview on agricultural GHG emissions in the EU, including
their historical developments according to key sources. All data is based on the latest
available official data compiled by the European Environment Agency (EEA) and reported by
the EU to the UNFCC (see EAA database set v14, published on 04 July 2013).

2.1 Overview on agricultural GHG emissions in the EU

EU Member States have to report their GHG emissions annually according to a common
reporting framework of the United Nations Framework Convention on Climate Change
(UNFCCC). Following the UNFCCC reporting scheme, the inventory for the agricultural sector
includes emissions of methane (CH4) and nitrous oxide (N,0). It has to be noted that
emissions (and removals) of carbon dioxide (CO,) from agricultural soils are not accounted
for in the ‘agriculture’ category, but under the category ‘land use, land use change and
forestry (LULUCF)'. Likewise, CO, emissions released by agricultural activities related to fossil
fuel use in buildings, equipment and machinery for field operations are assigned to the
‘energy’ category. Other agriculture-related emissions, like those from the manufacturing of
animal feed and fertilizers are included in the category ‘industrial processes’ (IPCC, 2006).

Thus, the overall GHG emissions that are related to agricultural production and activity are
actually greater than those reported under the category ‘agriculture’ (CRF Sector 4)% in the
UNFCCC official inventories. Accordingly, GHG emissions related to agriculture are higher if
the emission accounting is done in form of a life cycle assessment (LCA). The LCA approach
helps to get a more thorough idea of emissions created by agricultural products as it
considers also emissions caused by the production of the inputs used.® However, official
emission values of the national inventories are not reported based on products but based
on activities. Therefore this overview on agricultural GHG emissions in the EU follows the
reporting on emissions by the EU Member States and is based on the latest available official
data compiled by the European Environment Agency (EEA)* and reported by the EU to the
UNFCCC (see EAA database, 2013).

According to GHG inventories of the EU-28 Member States, GHG emissions in the source
category agriculture accounted for a total of 464 million tonnes of CO, equivalents in 2011,
of which about 42% were methane emissions and 58% nitrous oxide emissions. This
represented 10.1% of total EU-28 GHG emissions in 2011 (cf. Figure 1). When also looking at

% In the course of the study at hand the UNFCCC source categories have been changed and 'agriculture'
became CRF Sector 3.

® For example, in the GGELS project the CAPRI model was adapted to account for product based GHG
emissions from agriculture in order to quantify GHG emissions of EU livestock production in the form of a life
cycle assessment. For more information see Leip et al. (2010).

* The data is compiled by the EEA on behalf of the European Commission, in close collaboration with the EU
Member States, the EEA’s European Topic Centre on Air Pollution and Climate Change Mitigation (ETC/ACM),
the European Commission’s Joint Research Centre (JRC), Eurostat and Directorate-General Climate Action (DG
CLIMA).
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the agricultural emissions of cropland and grassland categories not attributed to the
‘agriculture’ but the LULUCF category, it can be seen that net emissions from agricultural
land accounted for 68 million tonnes CO; in 2011 in the EU-28. This comprises emissions of
80 million tonnes CO, from croplands and removals of 12 million tonnes CO, from
grasslands (i.e., croplands are a net source and grasslands a net sink of GHG emissions).

Figure 1: Share of agricultural GHG emissions in total emissions (excl. LULUCF) in
the EU-28, 2011

Industrial
Processes
8%

Agriculture
10%

\Waste
3%

Source: EEA database (2013)

The share of the agricultural emissions in total national GHG emissions varies considerably
within the EU Member States, depending on the relative size and importance of the
agricultural sector. The share is highest in Ireland (31%) and Lithuania (23%) and lowest in
Malta (2%), Luxembourg, the Czech Republic and Estonia (all about 6%) (cf. Figure 2).
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Figure 2: Share of agricultural GHG emissions in total national emissions in EU MS, 2011
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2.2 Historical developments of agricultural GHG emissions in the EU

The historical developments of agricultural GHG emissions show a rather steady downward
trend on the aggregated EU-28 level of -23%, from about 604 million tonnes CO, equivalents
in 1990 to about 464 million tonnes CO, equivalents in 2011 (cf. Figure 3).

When comparing the relative changes in agricultural GHG emissions to the development of
emissions in other sectors of the EU-27, it can be seen that the relative reductions in
agriculture between 1990 and 2011 are less than those achieved in the sectors waste and
industrial processes, but higher than the trend in total EU GHG emissions (cf. Figure 4).
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Figure 3: Development of agricultural GHG emissions in the EU, 1990-2011
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Figure 4: Changes in EU-27 GHG emissions by sector, 1990-2011
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The decrease in agricultural GHG emissions can be attributed to several factors, most of all
to productivity increases and a decrease in cattle numbers, as well as improvements in farm
management practices and also developments and implementation of agricultural and

environmental

policies (cf. Figure 5).

Furthermore, the developments have been

considerably influenced by adjustments of agricultural production in the EU-N12 following
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the changes in the political and economic framework after 1990 (cf. European Commission,
2009; EEA, 2013; cf. Figure 6).

Figure 5: Trend in cattle numbers and use of fertilisers, EU-27 (Index 1990=100)
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Figure 6: Trend of agricultural GHG emissions in the EU-27 (Index 1990=100)
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In Figure 7 the average change of agricultural GHG emissions in terms of CO, equivalents
between 1990 and 2011 are presented per MS. On average, the emissions have been
reduced by 23% in the EU-28, with largest relative reductions reported for eight EU-N12 MS,
headed by Bulgaria (-66%), Latvia (-61%) and Estonia (-60%). In the same time period, the
EU-15 MS reduced their agricultural GHG emissions by 15%, with the biggest relative
reductions reported for the Netherlands (-29%), Denmark (-23%) and Greece (22%). Overall,
26 of the MS reported reductions in the absolute levels of agricultural GHG emissions
between 1990 and 2011, and while there is no change in the total level of agricultural GHG
emissions reported in Spain, Malta is the only MS where the emissions actually increased
during this time period (+8%).

Figure 7: Change in agricultural GHG emissions per MS, 1990-2011 (%)
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Looking closer into the developments of agricultural GHG emissions per MS, dividing the
trend into two time periods shows that the major part of the decreases was achieved in the
period between 1990 and 2000 and that in most MS the reduction path significantly slowed
down in the time period between 2001 and 2011. This holds especially for the EU-N12 MS,
where due to the restructuring process GHG emissions decreased on the aggregate level by
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44.6% between 1990 and 2000, but only by about 1.5% between 2001 and 2011. On the
contrary, agricultural GHG emissions in the aggregated EU-15 level decreased more
between 2001 and 2011 (-8.5%) than between 1990 and 2000 (-4.7%) (cf. Figure 8).

Figure 8: Development of agricultural GHG emissions per MS, 1990-2000 and 2001-2011
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2.3 Main sources of agricultural GHG emissions in the EU and their historical
developments

Looking at the specific sources of the 464 million tonnes of CO, equivalent emissions in the
agricultural sector of the EU-28 in 2011, the share is divided between the following source
categories: agricultural soils (52%), enteric fermentation (32%), manure management (15%)
and rice cultivation (1%) (cf. Figure 9). It should be noted that field burning of agricultural
residues accounts for emissions of about 0.8 million tonnes of CO, equivalents, but are not
included in the figure below as this only represents a share of 0.2% in overall agricultural
emissions in the EU-28.
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Figure 9: Breakdown of agricultural GHG emissions in the EU-28, 2011
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Enteric fermentation

Enteric fermentation occurs when CH, is produced as microbial fermentation takes place in
the digestive processes of livestock. The type of digestive system of the animal has a
significant influence on the rate of methane emission, with ruminant livestock (e.g. cattle,
sheep) being a major sources of methane, whereas non-ruminant livestock (e.g. horses,
mules) and monogastric livestock (pigs) produce only moderate amounts of methane. Apart
from the digestive tract of the animal, the overall amount of methane released depends on
further animal and feed characteristics, like age and weight of the animal and the quality
and quantity of the feed consumed (IPCC, 2006).

Enteric fermentation accounted for about 147 million CO, equivalents (32%) of the overall
agricultural emissions in the EU-28 in 2011. Most of the emissions in the source category
enteric fermentation stem from CH4 emissions from cattle (about 82%) and sheep (about
12%) (cf. Figure 10). Thus, enteric fermentation from cattle is the largest single source of
CH,4 emissions in the EU-28, accounting for 26% of all agricultural emissions in the EU-28 in
2011. The share of enteric fermentation from sheep in overall EU-28 agricultural emissions
is 3.7%. Between 1990 and 2011, methane emissions from enteric fermentation decreased
by 24.5% (about 48 million tonnes CO, equivalents) in the EU-28 (Figure 11).

-24 -



An economic assessment of GHG mitigation policy options for EU agriculture

Figure 10: Breakdown of emissions in the category enteric fermentation, EU-28 (2011)
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Figure 11: Development of EU emissions in the category enteric fermentation, 1990-2011
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Manure management

Livestock manure (dung and urine) is the second most important source of methane
emissions in agriculture. However, during the storage and treatment of manure (i.e. before
it is applied to land or otherwise used) not only methane but also nitrous oxide emissions
are emitted. CH, is produced from the decomposition of manure under anaerobic
conditions while N,O is produced under aerobic or mixed aerobic/anaerobic conditions. The
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amount and type of emissions produced are related to the types of manure management
systems used at the farm, and are driven by retention time, temperature, and treatment
conditions. CH; emissions are categorised according to animal type sources and N,O
emissions are categorised according to the following waste management systems: anaerobic
lagoon, solid storage and dry lot, liquid system and other animal waste management
systems. It should be noted that according to IPCC guidelines, N,O emissions generated by
manure in the system ‘pasture, range, and paddock’ occur directly and indirectly from the
soil and are therefore not attributed to manure management but to the source category
‘agricultural soils’. Furthermore, CH,4 emissions associated with the burning of dung for fuel
are not accounted for in the ‘agriculture’ category but are instead reported under the
category ‘Energy’ or ‘Waste’ (the latter if it is burned without energy recovery) (IPCC, 2006).

Figure 12: Breakdown of emissions in the category manure management, EU-28 (2011)
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