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Foreword

The Joint Research Centras the scientific arm of the EC has the role of providing scientific support
throughout all the policy cycle. In this role, the JRC has been providing support usingegmomic models to

the analysis of the Common Agricultural Policy for over two decad#ss support has included generating
mid-term projections for agricultural markets and analysing impacts of reforms to the Common Agriculture
Policy (CAP).

With the introduction of the Green Deahd in particularthe Farm to Fork and Biodiversity Strateg, the EC
has accelerated th@ngoing transitiortowards sustainable food systems adding complexity to the analysis of
the impact and tradeoffs of policies including the CAP. In ithcontext of more complex policy analysis,
models remain a powerful tdoto assesspolicy impacts on all three pillars ofustainability providedthat
they are integrated and developed in order tapture as much as possible all the aspects related toe
environmental, social and economic dimensions.

The research desdréd in this report provides an example of how some of the targets put forward in those
strategies can bdancluded in the analysis ofhe CAP using the existing tools, in particular the CAPRI model.
The report focuses on the four most salient targetscluded in the strategies thataffect agricultural
production and explores how to translate them into model features by way of scenario analysis. By running
these scenarios, it provides some insights on hetential impacts the targetscould have on the agricliural

sector. In addition, it evaluates the potential of aligning the CAP Legal Proposal (LP) to these targets and
shows the improvements in greenhouse gas emissions, ammonia emissions and gross nutrient surplus that
could be achieved.

The results proved are contingent and bounded by assumptions and model capacities; as any exterte
analysis based on economic modelling they cannot nor should be taken as the precise quantitative impact
that would be realized should the targets be reached. Rather, | see this report as providing two important
types of messages to both the JRC and pylinakers and stakeholders

To the JRCt highlights areas viere we need to focus our efforts as scientssin order to effectivelycapture
the complexity of the strategiesn our modelling. For instangewve need tobetter incorporate into modelling
the impacts related to pesticides use, largeeale transformation to organic farmingogether with other
farming practices and environmental friendly technologies that can accompany the transifienalso need
to incorporate targetgut forwardin the stratedes thatare not includedn this analysis such amitiatives to
improve the position of farmers in the supply chathge reduction of food waste and changing diet¢hich are
integral parts ofthe transition to a sustainable food systeniast, we need tde able to quantify the benefits
the transition will bring to the eavironment and society at large, abe transition is muchbroader thanthe
four evaluatedtargets.

To the policy makers and stakeholdeisidentifiestopicswhere the transition wilpose challenges in terms of
impacts to the agricultural sector. Thegdepics will need special attention when making the transition to
sustainable food system happen.

I am convinced thatmodelling will continue to be a key input in the policy cytlet for this to happen a
smart implementation of the adequate tools and the constructive collaboratiorpoficy makers working to
design the future EU Food SysterissneededThis approach and dialogue among the differgmlicy makers
hasalready started From my side, | can only assure that the JRG the support science servigeill continue
to improve our capacity t@nalyse alternatives with itstate of the art agro-economic modelling capacities
facilitating the dialoguewith our partnersand findng ways forwardto overcome current limitations

GiovanniDe SanfiEM>) ? ?2dm” > "ojm °Npno\di\]g"  m njpm”* n»



Abstract

During the last 30 years, the Common Agricultural Policy has increased the importance given to improving the
environmental and climate performance of the European agriculture, as confirmed by the Future CAP
proposal. Furthermore, the Green Deal strategylioad a comprehensive approach to facilitate the transition
towards sustainable food systems that links in a holistic approach all actors in the system, a path sketched
out in the Farm to Fork (F2F) and Biodiversity (BDS) Strategies. Reflecting thisi@mltitis report was a
contribution to the 2030 Climate Target Plan impact assessment, based on one of the main models used by
the European Commission for agricultural policy analysis (the CAPRI model), which can incorporate some of
the policies put forwad for accelerating the transition towards sustainable food systems.

The report presents a modelled scenario of an ambitious implementation of the CAP reform proposals to
measure the effects on EU agriculture including four quantitative targets put forwisxrdhe F2F and BDS
strategiesalready reflected in the recommendations of the Commission to the Member States on their CAP
Strategic Plans. These targets were selected as the ones with the greatest potential to affect agricultural
environment and produatin. Moreover, those are the targets to which the CAP can provide specific
contribution.

The analysis includes a reduction of the risk and use of pesticides, a reduction of nutrient surplus, an increase
of area under organic farming, and an increase of arfea high-diversity landscape features. The impacts are
modelled under three scenarios. One is a status quo scenario assuming no change in the CAP compared to its
implementation during 20142020. The other two scenarios include a potential implementatairthe CAP

post 2020 legal proposal targeting these objectives, both with and without the targeted use of Next
Generation EU funding.

However, the report does not constitute an impact assessment of the strategies as such ; the
modelling scope does notinclu” \ gg j a oc’ nom\ o bd n% h \npm n #
shifts, organic action plan) which would alter the impacts reported. Not all policies that affect the transition
are captured by this model. Other analytical approaches andg@ok necessary to arrive at a more complete
picture of the potential impacts of this transition. As these two strategies propose a comprehensive approach
to move towards sustainable food systems, their inclusion requires additional assumptions to cgpisitve
synergies between the different initiatives and additional tools to cover the limitations of the modelling
approach used. Therefore, impacts should be considered representing an upper bound of the full impact of the
strategies as they are partialn scope (mainly covering the supply side) and incomplete (as the required
future changes in consumer behaviour are not captured in the model).

Based on the assumptions made and taking into account the limitations of the analysis, modelling results
indicae that reaching these four targetsinder the current CAP implementation achievessignificant
environmental benefits in the form of reductions in greenhouse gases and ammonia emissions as well as
in gross nutrient surplus, though the extent in terms of fto@ environmental and economic benefits is not
fully quantified. Results also show a decline in EU production and variations in prices and income for selected
agricultural products, albeit in different degrees. This impact can be lowered by approxinaielfifth when

a CAP implementation in line with the 2018 Legal Proposal and targeted to accelerate the transition to

a more sustainable agriculture is assumed. The new CAP implementation also increases the positive
performance of the agricultural sectdn environmental terms. In both scenarios, the impacts on international
markets are limited.

In both scenariosthe potential to further reduce these impacts is underestimated by the fact that not

all initiatives, measures and resulting synergies coverey the strategies are considered. For example,
reductions in production associated with shift to organic agriculture could be mitigated with the
implementation of the organic action plan. Lower livestock production could have less impact on prices and
trade when accompanied by a shift towards more plant based diets and the reduction of food waste. The
positive impact could also be enhanced via accelerated technological development and efficiency
improvements likely to occur by 2030.

Moreoverthe exercise assumes that the EU acts alone . Because of this assumption, a significant part of

the gains in terms of emissions in the EU is leaked to other world regions. However, as part of international
climate agreements also neitU countries have commitments to nece GHG emissions, incorporating this to

the analysis would reduce the leakage and negative impacts for the EU. Last, the report does not provide
information on all the benefits derived from those targets for both the agricultural sector and the wider
socety, as these are not captured in the model. As such, the analysis presented is not intended to be used as
the sole basis for decisicimaking and it would not be in any case appropriate for this purpose.

)b



Thelessons learned from this report areimportant f rom a policy perspective . The agricultural sector

will have to go through a challenging transiti@nd this study, with all its limitations, showsthe magnitude

of the challenge.The report shows that, when it comes to the supply side, the Future CAd pegposals

provide opportunities for implementing the productioelated targets of the Green Deal. By comparing the
dhk\ 2o ja ajpm A-A \'i_ =?N nom\o bd > n% o\mb on pi_"m
implementation of its reform prposalsthe report identifies the potential impacts of the Future CAP

proposal with respect to selected environmental indicators, production, income, prices and trade.

However the report also points towardareas wheresuch a transition faces bigger chalhges,for which we

need effective instruments to support the sector during the transition. Some of these instruments are alreadt
the focus of other complementary policy initiativeBurthermore,it allows the identification of gaps where
additional stepswould be neededo that Green Deal targets are met and the transition towards sustainable
food systems accelerated. Finally, the resuttsnfirm the need for global solutionto the global challenge of
climate change.

The report alsohighlights that he curent modelling tools need improvements to help us prepare future
impact assessmentsSignificant gapsexistin capturing in agreeconomic model$iow the demand side of the
food chainwould respond to the required changes in demand and sheply side

Ewen when the analysis reported focuses on the supply side and captures most of its nuances in a
satisfactory manner, some improvements are needed. For example, additional developments are needed to
capture the positive feedback in yields resulting from thahanced ecosystem services provided by improved
biodiversity. In addition, while some technologies are captured in the model there are additional measures
that could be introduced to further reduce the environmental impact of production; thus minimibegrade

off between meeting targets and production impacts.

In addition, the assumptions about the impacts on farm management and yields of the reduction in pesticide

use and the increase in organic farming do not capture potential beneficial side efféstgond the

agricultural sector (e.g. health benefits). These limitations are partly driven by the lack of comprehensive
farm-level data, which results in the assessment of the relationship between farming activity and the
environment in an aggregatedrggii \'g9 g > q g) Oc"’ >j hhdnndji %¥n kmjkjn\g
data network (FADN) to a farm sustainability data network (FSDN) will be instrumental in addressing these
limitations as it would allow the better understanding of which practices woesth and within which regional

and sector environment.

As far as thedemand side is concerned, this analysis does not incorporate the ambition related to food
waste reduction, the move towards different diets or the demand side promotion of organic anihisably
produced food. Such changes would require the development of other modelling approaches incorporating
assumptions on future consumer behavioural changes that cannot be captured with analyses of past
consumer behaviour. In this area, data avail#iiis an issue whose resolution would require the cooperation

of the retail and processing industry.

In addition, one also has to consider the magnitude of the scenario shocks (i.e. distance from baseline values
to aspirational targets). Models arealibrated to a common vision of the future and their predictive
performance may be decreased in extreme cases. When dealing with systemic changes, other research tools
such as foresight and propective can be used in a complementary manner to inform sdie gparameters

that could reflect novel practices and busness models that could be developed by farmers to adapt to the
new sustainable food systems paradigm

As part of its commitment to provide better scientific evidence for policy makithg JRC is widking to
improve knowledge on the effects (including potentiatenefits) of the measures implemented, develop the
model to improve the representation of pesticides and organic farming, and explore avenues to incorporate
the impact of food waste reductios and changes in dietsAs for the latter, improvements on environmental

and human health expected from the accelerated shift towards sustainable food systems need to be
guantified using other tools. In addition, a comprehensive assessment should alsoporate a full food
systems approach incorporating other phases of the food value chain and changes in consumer preferences
and behaviour.

The upcoming proposal for a legislative framework for sustainable food systems will require a comprehensive

impact assessment. This impact assessment will have to be able to evaluate the ambition laid down for an
enhanced environmental, climate and health™ maj mh\ i ~° ja oc’ @P¥%n \bmd~"pgo
broader food system. While agreconomic models will be an integral part of the tools for such an evaluation,

the present exercise has identified areas where additional efforts are needed, espedmthe need to



capture the environment not only as a restriction for agricultural production but also as an input. The current
modelling approach focuses on the trad#fs between environmental protection and agricultural production
based on past expezice, failing to capture the positive synergies that a better environment brings
associated.

These limitations are not specific to the CAPRI model. Other analyses that have looked into the impacts of
some of the initiatives put forward in the strategiessing other models (Beckman et al. 2020; Guyomard et

al. 2020) also faced them. Ongoing research and analysis can shed light on more positive synergies
associated with a better environmental footprint, thus improving the capacity of the model to capture the
targets and using additional methods to estimate the benefits.



1 Introduction

As it approachesits 60" anniversary,the Common Agricultural Paly (CAP)remains a cornerstone of
European integratiorlLike any venerableentity, the CAP has undergone mulgpthanges during its existence
In each of its versionsthe CAP focused on a set of objectivespbilised a series of policy instrumentsand
allocated budget(Figure 1 and Figure 2). These have evolved frona focus on self-sufficiency and food
security usingprice support and border protectian the early1980s, to decoupled support with conditionality
and greening in the003 mid-term review and2014 reform with 15 years of area and animabased coupled
payments in betweenSince 1992, the CARas alsoexperienced an increasia the number of instruments
and size of budget allocated to them promdatg rural development measuregPillar ). During this long
journey the CAP has been transformed into a mdilthctional policy, supporting markedriented agricultural
production throughout Europe, while also conttibg to living and vibrant rural areas, and environmentally
sustainable production (EC, 2011).

The complex interactionof agriculture with the environment and especially its negative externalitieBas
been acknowledged in the European policy since theyeE990s. While he first steps were mostly regulatory
based on setting maximum limits to nitrate emissions, this approach was rapidly complemenigd
incorporating environmental concerns into the CA&Ren before the Treaty of Maastricht incorporatedeth
environment as an official EU policy arethe Green Paper on perspectives for the CAP (EC, d0B&d
already mentioned the need for agricultural policy to taketter account of environmental policy, as regards
both the control of harmful practices anthe promotion ofenvironmentallyfriendly practices. Contemporary
to this, supportfor improving the efficiency of agricultural structures allowethember states (9 to grant
national aid to environmentalksensitive areas that would contribute to thiatroduction or continued use of
agricultural production practices compatible with the requirement of conserving the natural habitat and
ensuring an adequate income for farmers (EC, 1983#pwever, due to the lack of efinancing up to 1987
and the limited rate (25%) as of 1987this scheme was novery successful

Figurel. The CAP in historical perspective
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It was with the 1992 McSharry reformthat accompanying measures to improve the environmental
performance of the agricultural sectpand support not onlythe quantity but alsothe quality of production
were incorporated as part of the CAfFernandezAlvarez, 1997)Ths reform introduced agri-environmental
measuresthat were compulsory for MS and voluntary for farmers. Another change in the policy landscape has



been the increased attentiomeing shownto the agricultural sector by other initiativedAs part of cross
compliance applied to direct paymentshe CAP had alreadincludedrequirements from other pieces of
legislation into its design since thdgenda 2000 and successive reforms of the polidyave strengthened its
environmental dimension.

Despiteefforts made over the yearsimed atreducingthe environmental footpnt of EU agriculture, and the
measurable impact oisomeinput use and emissions that accompanied past CAP reforms, progress stagnated
in recent years and results were lagging behind EU ambitions, or even legislative requirements. This was
recognised in e Impact Assessmenaccompanying the legal proposals fahe CAP pos020, and the
subsequent legal proposal put its emphasis on improving the environmental and climate performance of the
CAP. dder the Green Deathe Commission has put forwarddditioral initiatives which propose specific
targets for the agricultural sectothrough its Farmto Fork and Biodiversity Strategiesee section 2 for
details). Understanding thepotential impact of these targets on the agricultural sectobecomes a pressing
issue As afirst step to measure this potential impact and provide evidence to policy makesadequacy of
existing tools to represent the targets has to be assessed, guudential developmentsto improve their
adequacyidentified.

Figure2. Historical evolution of CAP expenditure by type of policy instruments (12820)
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As agricultural policy has evolvedo have the models used for its eante assessmentWhile the JRC uses
multipleagro™ ~j i j hd”~ hj _"gn oj \‘nn nn \bmd”"pgopm\g kjgdn"t
in this report we focus on the Common Agricultural Policy Regionalised Impact (CAPRI) Thistelbdel has

been modified since its origins in the late990s to include biofuels, quota systems, nd@Q greenhousegas

(GHG emissions and mitigation technologies (PérBpminguezet al., 2016), the carbon cycle (Pérez
Dominguez et al 2020), greening, crossompliance, inclusion of irrigated agriculture (Blanebal, 2018)

and several revisions of the representation of the nitrogen cycle (Ozbek.g@l5). It has also been used for

policy evaluation in the last two CAP reformie terms ofboth market and environmental impacts.

The potential to incorporateenvironmental andclimate aspects into policy analysis using CAPR$ also
reflected in the fact thatas early asthe 2015 mid-term outlook (after onlyfive editions of this exercise}the
environmental and climat impacts of agriculture were incorporateldased on this modelFirst focusing on

GHG emissionfrom the dairy sector in a dedicated bpsince 2016t constitutes aspecific chapter on
environmental aspects including GHG, ammonia, nitrogen surplus, biodiversity, soil erosion, and environmental
footprints.



The increased pace at which the CAPmovingtowards a multipleobjective policyand towards a broader

food systems approachrequires that modelsare further adapted. The recent assessment of model capacities
undertaken within the SUPREMA project (Jongeneel and Gorglaginez, 2020)highlights the challenges
ahead.Particularly relevanfor the topicsin this report, they highlight that for biodiversityggc ©~ hj _ " gn 1)
in general weak with respect to the extent that they include biodiversity and landscape igstigsre is a
tensionbetweenthe complexity of modelling ecological processes, which often haveranst spatial nature

and wherelocalised contexts are important, and the EWide coverage requirement for EU policy support
models.These arenot the only limitations identified that prevent CAPRI from fully capturing the shift towards

a broaderfood systens approach put forward by the Commission. For example, the model has a very limited
representation of the functioning of the supply chain (limited in most cases to raw products or primary
transformation), which fails to capturedaptationto market shock ia its restructuring. Moreover, dietary
changes, animal welfare and health issues are not included in standard applications of the model and can
only be introduced as informed changes in selected parameters.

In this report rather thartrying to develop tle perfect tool to accurately forecast the impact of these policies,
an objective that might bempossibleto achieve we focus on showingvhat cancurrentlybe doneand what
needs to bemprovedwith CAPRIivhich is one of the models that participated iJPREMA hus, the report is
focused on what we can quantify with the current status of the CAPRI model, how this can be donehatd
would be missing teachievea comprehensiveepresentation of the instruments and targets the Commission
is putting forwaud.

The rest of the report is structured as follows. In sectionh2reis a brief description othe main components

of the three key Commission initiatives which will have significantimpact on theagricultural sector. These
initiatives arethe legalproposas for the CAPRpost2020 (EC 2018ab and c), the Farm to Fork StratediF2F)

(EC 2020b) the Biodiversity Strategy(BDS)(EC 2020c).Section 3 provides an overview of the CAPRI
modelling system and the two approaches useddapture the impacts othe new environmental andlimate
ambition that are put forward in the new initiatives: exogenous targets and endogenous technologies. In
section 4 we provide details on how these two approaches are implemented to capture four of the targets set
in the FF and BDSn relation to the agricultural sectomnd the measures potentially promoted by the CAP
Lecal Proposal I(P. Section 5 shows the resultéin terms of economic, environmental andimate impacts

that can be derived from theimultaneousimplemengtion of thesetargets, as scenarig in the CAPRI model.
Threedifferent scenarios are considered, representing the faetected F2F and BD&rgets combined In

one case, potentialmplementation of the CAP ERwith increased environmental andlimate ambition is
added to the targets andin anotherthe potential impact of theNext Generation EUNGEY is added In
section § we highlight the limitations faced when using the current CAPRI model to assess policy initiatives
that introduce the new objecies, policy instruments and performance indicators and sketch ways to improve
the model to overcomeahese and move towards approaches that better capture the nuances of the policy
initiatives and when assessing the expected outcome of their implementafiba technical report closes with
some preliminaryconclusions that can be derived from this exercise.

A word of caution for the readern view of the limitations mentioned abové his technical reportis not
intendedto be in any waya formal impact asessment(in the meaning of Better Regulatiowf the F2F and
BDS strategies or the CAP .LFhe CAP LP already was subject to a formal IA in 2018 and the F2F and BDS
strategies are much broader than the four targets modelled. Moreover, some of the targédte to areas for
which the CAPRI model has not been explicitly developadthose the baseline explicitly incorporate full
compliance with existing legislation (e.g. nitrates directiv@yantitativeresults should be regarded merely as

a first rough ndicative estimate of potential impactswhilethe actual impacts of Farm to ForStrategy,the
Biodiversity Strategy and the Climate targets may differ considerably from the projections made in the
framework of this reportin particular, impacts on production can be overestimated as positiveeoefits of
reaching some of the targets are not incorporated into the modelling assumpti®agher it showcases the
current capacityof the CAPRI model to address these issues aighlights the improvements needed to be
able tobetter understand the impacts of such initiativdls view of the current limitations of the CAPRI model
the magnitude of the specificfindings on activity levels, trade flows, income and environmental iattes
should not be taken as definitivan absolute terms Theyare a qualitative indication ofhe potential direction

of the impacts and highlight the need to better understand the relationship between the increased
environmental andclimate ambition and the other CAP objective&inder no circumstances should are they

t The CAP LP leaves ample leewfty MS to design Strategic Plans combining multipfeerventionsto achieve thecommon
objectivesput forward (see section 2). At the time of writing little is known as regards how thpsms will finally conclude so
assumptions are an unavoidable step in order to model the CAP LP at this stage.
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provided or should be understood as a definitive guidance for decision or policy making process.
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2 Reinforcing environmental and climate targets in EU policy for the
agricultural sector

2.1 The CAP post2020 legal proposals

Thelatest step in the developmenof the CAFhas been thdegal proposal(CAP LPiabled by the Commission
in June 2018 as part of theproposals for the new Multiannual Financial Framewdrkese proposalsonsist

of a package ofthree Regulations addressing theCAP Strategic Plans, the financing, management and
monitoring of the CAPand the common orgasation of the markets (EC 2018a, b and c). The propssak

an attempt to provide the right tools to help the ser respond to emerging economic, environmental and
social challenges with a new, simplified and modernised CAP. There are several key ideas belpraptised
new CARvhich can be summarised as:

A simplified managemenbf CAP support foboth farmers and mplementing authorities;

A amovefrom compliance to results and performance;

A increasedlexibility in terms of both instruments and implementatigrio achieve common objectives;
A increasedambition of the CAHN particular with regard to environment and wiate;

A aframework of checks and balances to guarantee the ambition is deliveeed

A overall modernisation of the CAP

In the interestof sustainable development, the proposed modernigedicyis designedo tackle nine specific
objectives(Figure3) covering economigoals (ensuring a fair income to farmers; increasing competitiveness);
environmental and clima goals (climate change action, environmental capFeservation oflandscapes and
biodiversity), sociafjoals (generatioml renewal rural developmentanimal welfar§ and others targeting the
different agentsin the food system(rebalancing power in the food chg and protecting food and health

quality).

To accompanyand enabk the implementation of these ideas and objectivethe CAP LHoresees a new
delivery model whereby the roles and responsibilities of the different administrations are clearly defined. Th
Commissionproposalslay down the objectives of the policy, the types of interventions that can be funded
(Tablel) together with basic general principles guidittgem, and the rules for performance assessment. The
MS will assess the needs against the objectives bédea territorial and sectoral SWOT analysis adésign
and develop the interventions needed to address thems part of a Strategic PlanThe MS wiltailor the
details of the interventions to their specific situation (eligibility criteria, support rate). They will also establish
guantifiable targets based on the results and objective indicators provided in Annex | of EC (2018a3eTh
CAP Strategi®lars (CAP S§) will cover both Pillars of the CAP to allow for a more integrated approach in
policy design. As such, the CAPsS#®Il replace the three planning documents currently used for the CAP
notifications for direct paymentsincluding greening opti® and good agricultural and environmental
conditions GAEE), and strategies for sectorial programmes and rural development programmes.

Figure3. The nine CAP objectives

OE@EE@EEO

ﬂ?@
ENSURE INCREASE REBALANCE CLIMATE CHANGE ENVIRONMENTAL PRESERVE SUPPOR’ VIBRANT PROTECT
FAIR INCOME COMPETITIVENESS POWER IN CARE LANDSCAPES & GENERATIONAL RURAL AREAS FOOD & HEALTH
FOOD CHAIN BIODIVERSITY RENEWAL QUALITY
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Tablel. Interventions providedy the CAP Legal Proposal

Pillar I ¢) Pillar 11 ¢)

Basic income support for sustainability Payments for environment, climate and

other management commitments

Complementary redistributive income support for| Payments for naturatonstraints or other

sustainability region-specific constraints

Complementaryncome supporfor young farmers Investments

Coupledncomesupport Risk management tools
Sectoralinterventions Cooperation

Ecoschemes Knowledge exchange and information

*) Chapters land Ill in EC (2018a)
(®) Chapter IV in EC (2018a)

SourceEC (2018a and d)

Focusing on the enhanced environmental and climate ambition, the CAP LP changes the green architecture
(Figure 4). The new architecture assures the provision of such enhanced ambitignincreasing the
mandatory layer of the policy (enhanced conditionalitgtainingring-fencing of 30% of Pillar Ifunds for the
environment and climateand byintroducingof eco-schemesunderPillar I.In addition, the green architecture
should bedesigned to seelsynergies between the different levels, in particular conditionality and voluntary
interventions, but alsoincluce horizontal measures such as coop¢in and knowledge exchange and
information.

The enhanced conditionality is reflected in the enlargement thie list of Statutory Management
Requirements (SMiRto include relevant provisios of the Water Framework Directive on controls of water
abstraction and diffuse pollution by phosphateshe Sustainable Use of Pesticides Directive and the
Regulation on transmissible animal diseas#és.addition,the list of GAEEis reshuffled and streamlinedThe
former greening commitments are included as part tife new conditionalityin a strengthened form (GAECs
1, 8, 9 and 10) and two new GAE@re included to cover the protection of peatlands and wetlands (GAEC 2)
and the use of a Farm Sustainability Tool for nutriefBSASTJGAEC 5)

The other instrumenenablingthe implementation of an enhanced environmental adliimate ambition in the
CAP LP is that odco-schemes (ECSyhese measures, which are mandatory fdSbut voluntaryfor farmers
provide a payment against the implementation of specific practicBCS allow Pillar | fund® be usedto
achieve environmental andlimate objectivesgoing beyond existing EU legislaticdhe new conditionalityas
well as national or regional legislation. As the Pilladirect payments constitute the largest proporntiof EU
spending,eco-schemes can be a more ambitious way to refocus EU funds on environatigrand climate
friendly agriculture, rather than primarily on income support as in the past. Alsere is a legal right to
receive the paymentso there is no pssibility of exclusion offarmers who areeligible for and willing to adopt
them, as it has been the case withgri-environmental and climate measure&ECM) in the past (Lampkiret
al2020).
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Figured. Green architecture in thEAP LP

better take into
account local
conditions
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Greening
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Climate/Env.
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i .
| Current architecture New architecture
Level of A
Increased requirement
flexibility to il

Climate/Env.

Measures in Pillar 11
(AECM, Forestry measures,
investment measures...)
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(on Climate/Env, 15 practices built upon EU minima
(climate change, water, soil, biodiversity and landscape)
and requirements from Nitrate Directive and Natura
2000 Directives)

sowie) 10) AleIUNjoA

10) Alorepue|n

sioule)

landscape) and requirements from Nitrate Directive and Natura
2000 Directives)

Mandatory for farmers

SourceDG AGRI

The CAP LP was tabled by t@ommission before the Greebeal wasadopted by the von der Leyen
Commission a®ne of its six priorities of the newCommissionThe adoption of the Green Deal included two
key strategies with clear linkages with the agricultural sector and quantitative targets for some aspects of
agricultural activity, the Farm to Fork and Biodiversity Strategies (see Section 2.2.). In the appufaitie
Commissionfor the achievement of the targets set in the strategies and the transition to sustainable
agriculture and a sustainable food system, the CAP support to farmers will be essential. Recognizing both the
asynchroriity between the CAP Ld the strategies and thie closeinterlinkage Together with the adoption

of F2F and BDS in May 2020, the Commission evaluatezipotential contribution of the CAP LP to the Green
Deal (EC, 2B0a). In the documentthe Commission concludethat under cetain conditionsthe CAP LP is
compatible with the Green Deal and associated strategies having the potential to accommodate their
ambition. Toensure this the proposal should maintain some key elements during adoption by the co
legislators (e.g. compulsotinclusion of ECS in CAPsShhaintaining the enhanced ambition of conditionality
and could includesome additional aspects (e.gecommendations anaminimum budget for ECSp ensure
compatibility,

While he components are in placgo achieve the new CA objectives, the path towards a successful
implementation is not an easy onécknowledging the right direction taken by the propgssdveralauthors
have identified risks that mightprevent achieving the expected outcome&arcia and Folkerson (2020)
highlight the tight deadlines fotthe roll out of the approachand Rac et al. (2020have doubts about MS
willingness to embrace the paradigm shift and the capacity of the Commission to enforc¥léanwhile,
Qumrada et al. 2020) argue that current pradtes by MS with regards to priostng biodiversity in CAP
planning shows that merely extending the existing programming system to the full range of CAP instruments
will probably not be sufficient to establish a more successful policyline with EC (2R0a), they recommend
that adequate safeguards and incentives awmdso included to improve the quality of programming and
integration of biodiversity policyDupraz and Guyomard®019) also believe thatshortZun political pressures
could lead to limited ewmironmental ambition in a significant number of1S Cther authors have more
negative views on the proposdror example, bilding on the opinion of the European Court of Auditdhat
the proposal lacks a longeterm vision for EU agriculture taking accauaf climate and environmentand
that it seems to lead to a weakened accountability framework (EC®@19), K = “t ah 019) claim that,
although the proposed CAP claims to better address key societal challenges, the CABOgOss unlikely to
improve its performance toward environmental, economic and social sustainabiityd may even risk
expanding harmful subsidieg\lso, Scown et al. (2020) highlight that ondysignificant reallocation of funds
can supportreversing the current trends regardingnvironmental degradation ané6HG emissionand that
the current proposalst is highly unlikely that these measures will produce a substantial reallocation of
payments While thefuture will revealwhether thevariousinstitutions at EU, national and reghal level will
be able and willingto deliver on the stated ambitions, théools to reach this ambition ardn principle
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available in the CAP LP

While the details of implementation of the CAP LPreflect a higher environmental and climatambition are
provided in section 4the main aspects of this reform thatare captured inCAPRI relate to budgetary
allocations between measures (i.e. share of direct payments budget for, E@8e of Rillar 1l budget for
AECNM) andto measures or practices that are étuded in the varioussteps of the green architecture.

2.2 Farm to Fork and Biodiversity Strategies

Theadoptionprocessfor the CAP posR020 proposalwas still ongoing whenthe von der Leyen Commission

took office andthe presidentelect announced theoroposal of a European Green Deal her speech to the
EuropearParliamentpresenting her political guidelines. The proposal took famDecember 2019 when the
Communicationon the Green Deal was adopted (EC, 2019). Considering the Green Deal as tluadtbap

ajm dhkg h io\lodji ja oc’ PS8udtanable Developth¢nt Gaaisinfluences <b ™ i
the decisions on th@ew CAP.

The Green Dedhcludes two key strategies: Farm to Fork Strategy (F2F) and Biodivessititegy for 2030
(BDS) (EC, 2020b and 2020c). Commitments and objectives announced in these strategies require
adaptations along the entire food chain starting from the farming, food processing and reegtors and
ending with food services, procurements and consumption gras. The F2F stratggaims to make food
systems fair, healthy and environmentailyiendly. At its heart addressegshe challenges ofenhancing the
positive and reducing the negativenvironmental impact of farming, promoting sustainable and socially
regponsible production methodsaccessto sufficient, nutritious and sustainable food and healthy and
sustainable food consumption. In particular, to foster positive environmental and climate effects from food
production, the Commission proposes to providetars with incentivedor enhancel carbon sequestration,
support market adoption of energy efficiency solutions and facilitate placing on the market of sustainable and
innovative feed additives. Furthermore, to improve the environmental sustainability asfnihg, the
Commission will take action to reduce by 50% overall EU sales of antimicrobials for farmed animalsnase
risk of chemical pesticides andeducenutrient lossesin the environment by 50%thus,expecting a decrease

of fertilizer application ly 20%. The sustainabilityframework of the F2F also includes thariprovement of
animal welfare by revising the respective legislation, facilitation of registration and market access for
traditional and locallyadapted seed varieties, and the objectveada g "\ no - 0r ja oc @P¥%n
being under organic farming by 2030Qincluding putting forward an Action Plan on organic farmifithe
incentives to support sustainable food productiomay include targeted VAT rates and a fairer tax system.
Lower VATrates should aimto encourageconsumers to choose sustainable and healthy diets, and the tax
system should ensure that the prices of different foods reflect their real costs in terms of environmental
externalities.

In view of the dramatic biodiversitgecline on agricultural land compared to other habitats, the Commission
adopted in May 2020 the BDS to halt biodiversity lostsalso has componentahich shall have an impact on
farming practices, especially on those that are particularly harmful for #revironment In particularthe key
commitments that directly affect the EU farmingector include reducingthe use and risk of chemical
pesticides by 50% and ofertilisers by 20%, setting of at least 10% of agricultural area under higfiversity
landsce features and of at least 25% under organic farming. The objectives with somewhat less direct
impacts on agriculture are full implementation of the EU Pollinators initiative, remediation of contaminated
soil sites,reversal ofthe decline in genetic divsity and facilitation of sustainable biomass production and
use.Those targets that are reflected in both strategies are perfectly alignédble2 summarises the main
areas of interventiomproposed bythe strategiesthat have a potentialy significantimpact on the agricultural
sectorhighlighting those that are subjedb analysis in tlis report.

Although the new CAProposed by the Commissidmas the potential to drie forward the Green Deatue
attention needs to be paid to safeguards in the final-ciecision ando how implementation oflegislationis
undertaken both by the Commission and the Member Stat@scordingly, the Commission will present
recommendations tMSto mobilize the full potential of the CAP to achieve its strategic objectives. Under the
new CAFECSand enhanced conditionality linked tdirect payments areexpected tobe a major source of
financial incentive targeting income support to farmers whdeliver on the green ambition. Therefore,
efficiency of the payments and appropriately developed Strategic Plamsthe Member States will become
decisive factors in the success rates of the strategies (EC, 2020a).
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Table2. Areas of intervention affecting the agricultural sector mentioned in the F2F and BDS strategies

Interventions F2F | BDS | Specific quantified target fon Analysed in
agricultural sector this report
Reduction in pesticides The risk and use of chemicg
pesticides is reduced by 50% an
YES
the use of more hazardous
pesticides is reduced by 50%.
The losses of nutrients from
" 0
Reduction in nutrient loads fertllls'ers. are reducgd by 50% Partially
resulting in the reductiorof the use
of fertilisers by at least 20%.
Integrated nutrient managemen NO
action plan
Increased area under organ At least 25% of agricultural land ig
farming under organic farming managemen
. YES
and the uptake of agreecological
practices is significantly increased
ActionPlan on organic farming NO
Increased area under higHiversity At least 10% of agricultural area ig
landscape features under  highdiversity landscapg YES
features.
Facilitating placement on thg
market of sustainable and NO
innovative feed additives
Stimulation  of healthier and
. . NO
sustainable diets
Revision of animal welfee
legislation and option for anima NO
welfare labelling
Code of conduct for responsibl
. : ) NO
business and marketing practice
Reduction in food losses and wastg Halving per capita food waste a
. NO
retail and consumer levels by 2030
Measures to reduce GHG emissio
. . YES
in the agricultural sector
Reduction in sales of antimicrobialg Reduce overall EU sales
antimicrobials for farmed animalg NO
and inaquaculture by 50% by 2030
Shift to sustainable fish and NO

aquaculture
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Interventions F2F | BDS | Specific quantified target fon Analysed in
agricultural sector this report

Revision of competition rules fo
collective initiatives  promoting NO
sustainability

Contingency plan for ensuring foo
supply and food security to be put i NO
place in times of crisis

Revision of marketing standards NO
Harmonised mandatory fronrof-
o . NO
pack nutrition labelling
Changes in taxation of food
NO
products
Target on broaeband in rural areas Accelerate the rolbut of fast
broadband internet in rural areas t NO
achieve the objective of 1009
access by 2025.
Planting of 3 billion trees respectin NO
ecological principles
No deterioration by 2030 in By 2030, significant areas of
conservation trends and status fo degraded and carbomich
all protected habitats and specie ecosystems are restored; habitat
linked to agriculture and species show no deterioration NO

consenation trends and status; ang
at least 30% reach favourable
conservation status or at least shoy
a positive trend

Effective  management of all
protected areas that includg NO
agricultural land

EU nature restoration targets i
2021 to restore  degraded NO
ecosystems

"Only nitrogen considered. Baseline considers actual implementation of Nitrates Directive and not full compliance.

SourceEC 2020b and c¢) and own elaboration.

Thetransition set out in F2F will be supported tilge CAPput this will not be the orly enabling framework
Better implementation of existing obligations under EU legislation for exampleShstainableUse Directive

(EC 2009/128) animal welfare legislationand the Nitrates Directive (EEC 1991/676)) can significantly
cortribute to achieving the targets of the European Green Deal. In additibe, revision of legislation on
pesticides, veterinary medicinal products and medicated feed, animal welfare, environment and climate, as
well as initiatives on clean energy and aatiglans such as on organic farming will consolidate a multilevel
agricultural policy pos2020. Moreoverthe BDS bringsnore requirements to the Strategic Plans of the
Member States. In particular, support of sustainable afpeestry, agreecology and lav-intensive permanent
grassland should be clearly indicated. The tight lirdetween theCAP posf020 and the other EU policies,
demonstrated by the additional initiatives required for implementation of the F2F 8miSstrategies- such
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as the EU Nature éstoration Plan, the Renewable Energy Directive and the Emissions Trading Seheme
transfer the agricultural policyo a new level of the consolidated EU policy decisioaking process.

The implications of the F2F anBDSstrategies forEU agriculture wildependto a great extent onhow they

are implemented Generally speakingthe effects of stricter implementation of existingenvironmental
regulationand increased ambition i a\ mh ° mill be drivén’by changes in costs and revenues. On the
one hand reductionsin pesticide and fertilizer use can reduce vyielasthe short and medium termgeading to
lower production The same can be expected froincreasing norproductive land. On the other hand, CAP
payments could offset that reduction imcome due to loweproduction and higher prices for outputs increase
revenues. Also, efficientnanure management couldcontribute to mitigate potentially negative production
effects, and lower yields resulting from the decreasefertiliser and pesticideuse could be at least partially
avoided by application of sustainable pest management and cropping pattemswell as technological
development Promotion of healthy diets and appreciation for sustainably produced food could lead to
reduction in consumer demand for environmentallychallenging agricultural production, such asome
livestock rearingsystems and its partial substitution by plarbased food items. This would naturally be
reflected in production substitution and mitigate some of the priceedfs resulting from reduced production
capacities.The reductionin food losses and wasteas well as a shift towards healthier dietsould not be
taken into account in this analysis, as it would require complementary modelfsgsuch, lhe impact of the

full set of measures included in the strategies is still to be estimated and this report is just a, modest,
contribution to understand the implications of the green deal on the agricultural sector and the overall
welfare of the EU.

2.3 Moving towards a climat e neutral Europe: the 2030 Climate law

The agricultural sector is an important contributor to global GHG emissions and the dacts high societal
pressure to reduce its climate impact (IPCC, 2019; Schiermeier, 2019; Wollenberg214). It is therefore
crucial to incorporate the climate change mitigation dimension (i.e. climate ambitita)analysis of the F2F
and BDSstrategies, andconsiderhow the CAP can contribute taitigation. Therefore, wealso need to take
into account the legislative imeworkin the EU withregardto climate change and how it interacts with
agricultural policy. The EU has been a leading party in mitigation efforts @nduilding international
coalitions around the United Nations Framework Convention on Climate ChagfeqCC). As part of the Paris
Agreement the Eltommitted itself to reduce emissions in line with the need teeep global temperature
increasebelow2.0°Cand pursue efforts tdimit it to 1.5°C

The first steps tovardsreachng these commitments, byimplementingthe agreementmade byEU leaders in
October 2014 were laid down in the2030 EUClimate and Energyremework whichincludes Ebide targets

and policy objectives for the period 2022030. One of the key targets is the reduction of GHG emissiby

at least 40% below 1990 levels by 2030. To achieve this target, several legislative actions were approved at
EU level, affecting both sectors under the HissionsTrading System (ETS) and theemainingnonETS
sectors, which will need to cut emissis by 43% and 30%, respectively, compared to 2005. For-&drS
sectors, such as agriculture, transport, buildings and waste, the EU Effort Sharing Reg@@1iéf842 (CEU,
2018a) establishes binding annual GHG emission targets ifudividual MS This Reglation provides new
flexibility as it allows acces$o credits from the land use sector. The aim thfe new flexibility is to stimulate
additional action in the land use sector by allowing MS to use up to 280 million credits over the entire period
2021-2030 to comply with their national targets. If needed, all MS are eligible to make use of this flexibility,
but access is higher for those MS with a larger share of emissions from agriculture.

According to theRegulation this flexibility acknowledgeboth the lower mitigation potential of the agriculture

and land use sectors, and an appropriate contributionthe sectors to GHG mitigation and sequestration
(CEU2018a). Specific accounting rules on GHG emissions and removals related to lanthndejse dange

and forestry LULUCF) are set out in Regulation (EU) 2018/82EJ2018b). Considering the aforementioned

flexibility, MS have to ensure that net emissions from LULUCF are compensated by an equivalent removal of
>J3 amjh oc’ \ohjmdkic > ¢ oomPeoppm' \ rodfc dnThusthg r i \'n
framework envisageghat all sectors contribug to the EU 2030 GHG emission reduction targeten where

no specific target iset for the specific norRETS sectors

As part of the commitmentof the von der Leyen Commissidp increase the level of ambition in addressing

2 The two impacts mibt not be additive as some of the neproductive areas such as buffer strips could reduce nutrient losses and
pesticide use.
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climate changethe EU will create legbl binding tools toensure that the longterm vision of making the EU

the first carborrneutral region in the world put forward in theommunicationA Clean Plaat for all (EC,
2018f) will become reality As part of itsEuropean Green Dedlitiative, on 4 March 20202the Commission
proposed the first European Climate Law to enshrine the 2050 climageitrality target intolegislation [EC,
2020d]. This implies achieving net zeroGHGemissions for EU countries as a whole, mainly by cutting
emissions, investing in green technologies and protecting the natural environment. The law aims to ensure
that all EU policies contribute to this goal aritlat all sectors of the economy and society play their paiit

the time of writing this report (September 2020) the exact revised targets are unknowntbay will be
higher than the ons currently in place.

This report is a contributioto the analysis ofhowthe EU agricultural sectowill have to deliver an enhanced
climate ambition within the overall mitigation effort taking into accountany new CAP implementation
measures stemming from th€€AP LP, the F2F and BBtfategies described irsections2.1 and 2.2
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3 The CAPRI modelling system

3.1 Overview of the model

The CAPRI (Common Agricultural Policy Redgmthlmpact analysis) modelling system (Britz and Witzke
2014) is the main quantitative tool used in this study. CAPRI is a global, coatipa static, partial equilibrium

model for the agricultual and primary processing sectors. In CAPRI, regional supply modules depict the EU

agricultural sector, while a global market module describes global-égod commodity markets. These two
main conponents are interlinked via an iterative process. Commodity prices from the global markets enter the
profit maximiation system of the EU regions, while EU agricultural sugipbm the regions enters the trade
balances. This model structure alloweapture of the price feedbackor simulated policy changes along the
primary supply chain, from commodity markets down to EU farms (and-vieesa).

The EUregional supply modet in CAPRI follow profitnaximisingbehaviour under constraints, such as land

availability, nutrient balances and policy obligatior@c ~ ]\ nd”~ d_"\ dn o] di o" mkm’ o

profit maximising choiceéby the agent, assuming that all constraints and coefficients are correctly specified
with the exemption of costs oravenues not included in the model (Britz and Witzke, 201@)fit
maximisationis ensured by methods based @ositive mathematicalprogramming (PMR)Wwhichoffer a high
degree of flexibility in capturing important interactions between production\atiéis and the environment,
while enabling us to calibrate the modelling system to observed production statistics (Heckelej 2052).

The market model is a spatial multommodity model with global coverage (80 country groups worldwide),
depicting abat 60 primary and secondary agricultural products. International trade is modelled following the
Armington assumption. Goods are differentiated by place of origin, allowing for modetifrgach bilateral
trade flow between countries. The market model dalitrated to historical trade patterns, incorporating
projections for the future development of prices and market balances. Trade policy measures at the border
are also included, such as tariffs, tariffate quotas (TRQs), variable levies and the EU eptige system for
fruits and vegetables.

CAPRI is frequently used fax-ante impact assessment of agricultural, environmental and trade policy
options for example removalof EU milk quota (Witzke et aR009), expiry of the sugar quota system (Burrell
et al., 2014); potentialEU trade deals (Burrell et aR011); climate change mitigation in the agricultural sector
in the EU (Pérez Dominguez et, 2016 and 2020; Fellmann et gl2018) and at global level (Hasegawa et al.
2018; Meijl et al, 2018; Franket al, 2018); CAP greening measures (Gocht et @8D17): possible future
pathways for the CAP (M'barek et,a2017) and the impact assessment of the CAP legislative proposal of
2018 (EC, 2018d).

Nitrogen surplus is defined in the CAPRI model as théetBhce between N input and output. Differences

] “or i oc- ~“\g~pglodji h\ " pndi b forrathEDdt budgetsareo ¢ °
explained bymissing data in CAPRI on orgariétilizers other than manureseedand planting material not
considered in the input terpmo estimation of biological N fixation by frebving organismsand lack of data

on manure imports and export3.hese missing data may have an impact on the accuracy of tbaction of

the modeldue to restrictims on nutrient balanced-urther details on the specific nitrogen flows and budget
can be found in Leip et al. (2011) while details on how the different inputs and outputs are quantified can be
found inOzbeket al. (2015).

CAPRI calculates indicators f&U agricultural (notCQ) GHG emissiong the form of nitrous oxide and
methane and of CQ emissionsIndicators for noRCQ emissionsare based both on input use anzh outputs
from production activitiesThe Tier 2 approach from IPCC guidelines (IPZID6) is generally used for the
calculation of activitybased emission factors. In case of limited data availability, the calculation is simplified
to a Tier 1 approach (e.dor rice cultivation). Leip et al. (2010) and Pérez Dominguez et al. (2012) ¢gheovi
detailed descriptions of the emission inventories in CARRI. agricultural COemissions are calculated
considering the carbon cycli®r EU agriculture and GGmissions related to land use and land use change
(Pérez Dominguez et aR020). The modelincludes a set of technological (i.e. technical and management

based) GHG mitigation options for EU farmers, focusing on technological options that are already available or

will likely be availablein the simulation year 2030. Implementation costs, costvéiags, and mitigation
potential for the modelled technological mitigation options are mainly based on data from the Greenhouse

gas andAir pollution Interactions and Synergies (GAINS) database. The level of production activities and the

use of mitigation technologies are constrained by various factors, including land availalfiitiilisation
requirements of the cropping systems versus org@anutrient availability andfeed requirements in terms of
dry matter, net energy, protein, and fibre for each animal.
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A detailed description of each technological GHG mitmatoption is provided in Pére2ominguez et al.
(2012). The data provided byhe GAINS database and thenimal Changerojectare based on farm types
(where applicableg.g.with anaerobic digestion) and specific to production activity and level, i.e. indicating the
costs for the application of the mitigation measure to one unittbie production activityperhectare or head).

For the estimation of the average cost function, CAPRI builds uponctsts providedfor in specific farm
types which are then aggregated at regional level according to shares of these farm sizes in therregi

The scope and degree @daptationof a mitigation technology in each region is an endogenous variafke
such, 1 is treated asa function of its mitigation costs (sum ofinnualsed investment cost and operation
costs) the revenue generated by itf(any, as in the case of anaerobic digestigrpstsavings (for example
costs saved by using less minerfartiliser throughimplementationof precision farming), and other incentives
such as subsidies (or taxes) to which it is subject. Accordingly, &s apents in the CAPRI regional
programming models are assumed to be profitaximisers, farmers will apply a mitigation option only if
marginal profit (according to a gross value added concept) increases. Detailed information on the modelling
approach is ppvided in Perez Dominguez et al. (2016) and Fellmann et al. (2018).

Table3 and Table4 show the GHG and ammonia mitigatieechnologiesmplemented. Further details can be
found in PérezDominguez et al. (2020)hile emissiongrom EU agriculture are calculated on a per actyvit

basis in the CAPRI supply model, GHG emissions for the rest of the world are estimated on a commodity basis
(i.e. per kg of product) in th€APRImarket model. Mitigation technologiesm nonEU countriesare not
specifically considered, but trendis technological developments are integrated (Péf@nminguez et al.

2012; PérezDominguez et al2016). The worldwide emissigraccounting allows CAPRI to quantify emission
leakage. For example, the share of emission savings in the EU that is replaced wittaged emissions in

other countries can be calculated\s far as the baseline is concerned is calibrated tothe OECBFAO
Agricultural Outlook 20172026 (OECBFAO, 2017 with a CAP representation depictimgiplementation for

the 2014-2020 period(see ction 4.1)

21



Table3. TechnologicaGHGemission mitigition options included in CAPRI

Mitigation option Emissions targeted
Crop sector
1. Better timing of fertilisation
2. Nitrification inhibitors N,O:
3. Precisiorfarming (NH; NG NQ)
Variablerate technology
Increasing legume share on temporary N,O: CO
grassland
6. Rice measures CH
7. Fallowm_g hls_tosols (abandoning the ug N,O: CO
of organic soils)
8. Winter cover crops CcQ
Livestock sector
9. Anaerobic digestion: farrscale CH;N.O
10. Low nitrogen feed N.O; Clt (NH)
11. Feed additives: linseed CH
12. Feed additives: nitrate CH
13. Genetic improvements: increasing milk
: . CH
yields of dairy cows
14. Genetic improvements: increasing
. - CH
ruminant feed efficiency
15. Vaccination againsinethanogenic
L CH
bacteria in the rumen

Key:N20: nitrous oxide; N¢Hammonia; NQ nitrogen oxides; NOnitrate;CQ: carbon dioxide; GHmethane

Table4. Technological ammonia emission mitigation options include€ &PR(with crossover effects on
GHG emissions)

Emissions affected in

Mitigation option addition to NH3

Low emission housing N:O; Ch

Air purification in animal housing N.O

Two variantsiow and high

efficiency systems N.O; CHNQ

Cover storage of manure

Two variantslow and high

efficiency systems N.O; NQ

Lowammonia application

Key:N.O: nitrous oxide; NdHammonia; NQ nitrogen oxides; NOnitrate;CQ: carbon dioxide; GHmethane

3.2 Setting targets

The F2F and BDS strategies set key targétsaccelerae the ongoing transitiortowards a sustainable EU

food system, strengthening its resilienand reducing itsenvironmental and climate footprint. In order to
implement these targets in CAPRI to identify their impacts on the agricultural sector the policy targets are
translated into scenario assumptions for the CAPRI model, by linking them to specific indicatotsated in

the CAPRI modelling system. These targets are implemented as exogenous shocks that affect different
parameters of the modelTable5 depicts the targets cosidered in the analysis and this sectigmesens the
specific parameters that are shocked while additional detaitsd limitations of the approactare provided in
section 43 for each of the targets.
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Table5. Targets consideredhithe analysis

additional action to reduce thg
overall use and risk of chemicg
pesticides by 50% and the use g

protectionproductsin the baseline

Target as proposed in th¢ Targetinroduced inthe model Implementation of the target in
strategies the model
The Commission will takq 50% reduction of costs of plan{ (i) Reduced cost, (ii) increase

other costs to reflect increase(
efforts in alternative  pest
management practices.

more hazardous pesticides b
50% by 2030.

The Commission will act to redag
nutrient losses by at least 50%
while ensuring that there is ng
deterioration in soil fertility. Thig
will reduce the use offertilisers
by at least 20% by 2030.

Gradual reductiontarget taking
into account thelevel of GNB in
the baseline. Rauction factor of
25% applied to the first 50 kg/ha
of GNB, 50% for 50100 kg/ha
GNB, 75% for 100150 kg/ha
GNB and 100% to kg/ha abov
150 (e.g.a region with baseling
GNB of 50 kg/ha is forced to reag
a target of 37.5 kg/ha [50 * 0.75]
a region with baseline GN&f 100
kg/ha is forced to reach a targe
of 62.5 kg/ha [50 * 0.75 + 50 *#

Binding restriction to reduce th
GNB level with nitrogen mitigatio
technologies (e.g. precision
farming, nitrification inhibitors,
etc.) madeavailable to farmers

0.5)
Reachthe objective of at least| Distance from projected organif (i) 100% redution in use of
-0r | a agriculturgRavtd] area by 2030 according to lates| mineral fertilisers; (i) 100%
under organic farming by 2030 mid-term outlook to the 25%| reduction in use of plant

and a significant increase i

organic aquaculture.

target protection products; (iii) lower cro
yields reflecting the vyield gag
between organic and convention
farming; and (iv) cost increas
reflecting the different cost

structure of organt farms.

Distance from 2018 levels tqg

10% target

At least 10% of agricultural areg
is under highdiversity landscape
features.

Increased fallow area (zero cos
zero production)

The reduction targets related to chemical and more hazardous pesticidesmaptemented as reductions in
the use of plant protection products (PPey the EU agricultural activities. As CAPRI models-@s&Pthrough
their coststo producers, the approach taken wgholly monetary. When modelling the pesticide useduction
targets,we assumed a compulsory reductiam PPP costs accruing for the EU farming sectdrisreduction is
accompanied by complementary changes in other costs and yields which try to reflect the potential
adaptation strategies of the farming sector to the redtimn in PPPIn the implementation of the target only
current use is considered and no reduction due to ihgplementationof the Sustainable Usdirective is
considered.

The policy target omutrient losses has been translated into a reduction targetdross nitrogen balance

(GNB) for all EU regions. CAPRI calculates GNB for each region based on detailed nutrient flows between
nutrient sources (chemicdertilisers, manure, crop residues) and their use (nutrient need crops, losses,

etc.). As the nutent loss reduction target is set at the EU level, various schemes can be designed to allocate
the reduction targets within the EU regionReductionin phosphorous and potassium losses could not be
modelled as the CAPRI model has not developed a balaystem for these Again, the reduction target is
imposed on current GNB projections without taking into account the potential impact of the full
implementation of legislation such as the nitrates and water framework directives.

The policy target on minimum organic agricultural area was translated into a combination of constraints and
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parameter adjustments for the average (representative) regional farm models. First, specific organic area
targets were calculated for each regionnder the assumption that the sum of these regional targets should
add up to the overall EU target As the organic farming practiedlswed are somewhat restricted compared

to conventional farming, we constructed productiozstricting targets and parameteadjustments for CAPRI:

(i) loweruse of mineral fertilisers; (ii) lower use of plant protection products; (iii) lower crop yields reflecting
the yield gap between organic and conventional farming; and (iv) cost increase reflecting the different cost
structure of organic farms. Lower minerdertiliser use was triggered in CAPRI by a maximum threshold for
synthetic fertiliser use, operating on broad crop groups: vegetables, permanent crops and other (mostly
arable) cropsParameterisation of these restrictbns and adjustmentsvas based on the regional organic area
targets and also on econometric estimatiori3ue to model limitations, no changes were mattereflect the
higher market value of organic product.

A policy target on increasing neproductivelandscape elements and setside by 2030 was translated into a
set asiderequirement as landscapeelements are not included in the modeThe regional farm models in
CAPRI faced a constraint on a minimwget asidearea. That constraint, in principle, tgers a change in land
use patterns, increasing the share of lange activities without intermediate or marketable outputs within
the Utilised Agricultural Area(UAA) Setaside requirements were calculated for each EU region, taking into
account currentdnd-use statistic.

3.3 Modelling subsidies for technologies

The CAPRI model has developed an approadhdorporate technologies for which endogenaagoption may
occur inresponse to incentives (carbon prices or quantitative restrictions). The detailseofrtbdelling of
endogenous technologies can be found in PéBxaminguez (20162020). Here we describe how this general
framework has been used to mimic a situation where endogenous adoption is driven by subditliegsthe
most adequateway to describea CAP LP with an enhanced environmental aishate ambition where
budget would be allocated to promote environmenyednd climate friendly practices or technologies.

Besides the positive environmental impacts of GAE&hd greening,environmentally frendly farming
practicesin the current CARre mainly subsidisedinderPillar I| in particularthroughthe agrienvironmental
and climate measures (AECMs, M10) and organic farming (M11) within the rural development progsam
(RDPs)Some of these farmingpractices are modelled as endogenous mitigation technologies in CAPRI, but by
default there is no link between the CAP subsidies on the one hand implementation of the mitigation
technologies and their environmental impacts on the other. By contmagbsidiesunder Pillar llare treated as
lump-sum transfers, independent of the obligations related to the subsidiesthe CAPLP, subsidies for
farming practices increasing environmentahd climate performance known asecoschemes (ECS), are also
envisagedto replace part of the area paymentsinder Pillar I In order to assess the efficiency of those
subsidies in improving environmental performance, the link to the mitigation technologies and their
environmental impacts idecomingincreasingly imprtant. In theory, the higher the budget for a specific
AECM or EC#he higher the adoptiorby farmers In CAPRI termshis refers to the overall budget for the
technology and not the per unit payment.

Simultaneous calculation of adoption rates and congsice with national envelopes is currently not possible
technically In the scenarios for the CAP LP analysige opted for atwo-step approachto circumvent this
limitation. In a first mode| run we implemented a set of assumed subsidy rates for a selectgroup of
mitigation technologies, and received the endogenous regional adoption shares for the technologies as model
output. In this first runadoption of the technologies and subsidies was not limited by the national envelopes.
In a second step, the amption shareswere fixedand the lumpsum transferscorrectedby the subsidies for

the mitigation technologies (in order to respect the national envelopes).

For the calculation of subsidy ratedrew onin the first stepwe used different sourcegrirstly, we received an
extraction of theRural Development Annual Implementation Ref@dR)databasefor the years 20152018,
covering public expenditures and areas under measure M10 (AECMs). Numbers were pabWitilével and
further differentiated bynine aggregated categoriesndicating the type of farm practicesThese aggregated
categaies were mapped against the set of practices and technologies that could be included in the CAPRI
model version usedand the total budget split among the individual praots based on national data on area

and public expenditufe Where MS specific datawere not available the EU averagewas used For farm
practices which were not subsidized in the past in any member state, the average subsidy rate over all farm

8 Austria, Germany, Romania, Ireland, Belgium, Portugal, France, Finland, Latvia and Italy.
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practiceswas applied.Theaverageper hectare subsidies usefibr each of the technologiegan be found in
Annexl.

In addition to theabove mentioned farm practices, organic faimg wasalso modelledwith an explicit link to

the respective environmental impactSinceorganic farming is not yet available as an endogenous mitigation
technology in CAPRI, assumptions on adoption had to be impegedenouslyTherefore, subsidy ratedid

not directly impact on adoption rates, but total public expenditures for organic farming were considered within
the envelopes. The budget requirement for organic farming was calculated exogenously and restricted the
budget available for other farm pretices. Assumed adoption is based on the target for organic farmiag a

share ofin total agricultural area defined in th&2F strategy for details see sectiont.3.2. Assumed subsidy
rates were provided by DG AGRI and are preseritedthe EU27 in Annex1. They are differentiated by
permanentgrassland, permanent crops, and arable land, and by maintenance of and conversion to organic
farming. The budget for maintenance is supposed to be covered within the ECS envelope, while the budget for
conversion (25% of additional area supposed to be oneersionin 2030) is considered within the RDRsith

35% national cefinancing.The assumed subsidy rates are not generally higher than the rates currently paid
for organic farming under the RDP%his would be in line with the premium calculation rateinziple of
AECMs (compensating fadditional cost andncome forgone) which allows these payments to be considered

in the green box under WTO rules. Therefore, an incréageemiums would be challenginghe questionof

how farmers should béncentivsed to increase the adoption share wabus ignored,although some of the
additional area under organifarming still is assumed to happen withouirect financialincentivesfrom the

EU budget This imposes a behaviour on farmers that is not the resulffiofincial incentives ashe adoption
targets for most MS are far beyond the national trends observed in the past decadks.the model only
incorporates supply driven interventions to foster the shift from conventional to organic farming, this
additionaladoption could be assumed to happen as the result of tBeganic Farming Action Plahat will be
adopted by the Commission to support the achievement of the BAB BDS strategies includirggnumber of
actiors and support measures both on the supply andngiend side, and on the market conditioffi@r organic
farming. However, as the details of this Action Plare not yet knownwe cannot assess the actual adoption

of organic agriculture.

In the NGEU scenarisde section 4.2 it was assumed thatadditionalbudgetwould be provided before the
scenario year of 2030to make mitigation technologiesmore accessible Technically, we restricted those
subsidies to long term investmentso that costs of suchtechnologiesare assumed to beeduced by 30% in
the scenario yea030.

It must be highlighted thatthe impacts of the existingmplementation of farming practicesubsidisedunder

the AECMs is noyet explicitly considered in CAPEhvironmental impacts of those farming practices are
implicitly consideredin the CAPRI baseline based on lelegm trends expressed as application rates of
mineral fertilisers and yield growth The explicit data on regional implementation of farming practices within
the AECMs are collectetirough output indicators at aggregatklevel inthe AlIRdatabase and from an ad

hoc data base collected by the JRC (official data are available only for highly aggregated groups of farming
practices andat MSlevel).It is therefore difficult to estimate the impact of the new CAP proposal treir
adoption andon the environmentwithout knowledge ofbaseline implementation andhe level of subsidies

for the farming practice$.

To address this,He scenario construction includeanly measures targeting specific farming practices for
which CAPpayments were alreadypaid in the CAP2014-2020, and whichcould be expected to trigger
additional adoptioh. Wherethe current subsidy is not considered in CAPRI, an option wuaud been to take

only the supposed subsidy increase into account. From detailed analysis of the current AECMs, we found that
most of the selected mitigation technologies included in the CAP LP scenario (see section 4.2.2) are not
subsidisedunder the current CAHhe exceptions are winter cover crops and fallowing of histosols (precision
farming wassubsidisedonly in one German region). However, winter cover crops will be obligatory on 90% of
arable land according toassumptionsfor the CAPLP, so the current adption and subsidy rates do not
correspond to the baseline. For the fallowing of histos@svas not possible to quantify current subsidy rates

and adoption shares, since they are usually embedded in complex landscape protection schemes. We
therefore deailed to assume that baseline subsidy was zero for this specific technglagg acknowledge

4 Admitedly, this isa common challenge for all models when policy decisions from an array of options have to be assurrettex
while their verification can only be assessed post

5 This is because we assume that marginal mitigation costs increase with the share oftmdopf a mitigation technology. The
equilibrium condition of marginal costs being equal to marginal benefits (subsidy rate), therefore requires increasingy salbssd
for increasing adoption shares.
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that this may lead to a slight potential overestimation of impacts related to fallowed histosols.

Moreover, shifting budget te@ertain measures implies that othergrm practices will see a reductiom the
budget allocated to them, as no significant net increasethe CAP budget is foreseeWherethese practices
receive less subsidiesand therefore are potentially less adopted than before due to the focus on farm
practices targeting climatethe respective impacts argnored. This is also a drawback of the scenario design.
But while those farm practices are not explicitly covered by the model, and detailed information is not
available, this is difficult to avoidWe do not considea shift from current AECM payments to othémew)
farm practices, so only additional budget can be used for new targets.
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4 Scenario construction

In this chapterwe review the way the environmental andimate ambition of the different policy initiatives
described insection 2 have been translated into modelling constraints and parameters. We highlight the
simplifications that have to be made and the potential impacts of not taking some aspittsaccountin this
simplification effort. We also consider how the individual targets contribute to othets ensure that this is
taken into account.

4.1 The CAP2014-2020 baseline

In thefirst scenario theanalysis of thefour quantitative targets put forward in thé=2F and BDS strategids
undertaken assuming thathe CAPdoes not to changecompared to the implementation done during the
2014-2020 period Therefore, the impacts happen with a policy in plalat was designed fora different set

of objectives.To see how these impacts wallchange under the new CAP we include a scenario that
simulates howa hypothetical CAP LP with enhanced environmental atidnate ambition would look like and
run it on top of the targets TheCAP2014-2020 is reflected in the model as follows.

The BasidPayment Scheme (BPS) and the Single Area Payment Scheme (SAPS) are implearattieere is

a possibility to opt for other related paymenis accordance witfCouncil Regulation (EC) 8807/2013. The
interaction between premium entitlements and eligithectares for BPS, SAPS and other payments remains
explicitly consideredMS specific notificationsof changes in the implementation of certain measures (e.g.
transfer of subsidies between Pillar | and Pillar Il) are fixed at @@15 level. Naturally, theCAPRI baseline
explicitly covers only those direct support measuresder the CAP reform 20142020 that can be
implemented at the national or regional level, such as national ceilings for direct payments, basic payment
and voluntary coupled supporieasues that need to be implemented at the farm level (e.g. payment for
agricultural practices beneficiaib the climate and environmentand voluntary redistributive payments) are

only implicitly coveredvia the underlyingcalibration to market projections fom the European Commission
Decoupled and coupled direct payments in CAPRI are highly disaggregated, in terms of both regional
resolution and production structure. In addition to decoupled support in BPS or SAPS, the Voluntary Coupled
Support (VCS) schermis also implemented in CAPRI. The implementation of VCS in CAPRI is bab&8l on
declarationsincluding bothEUand national budget with most of the VCS premiums targeting tHellowing
sectors beef, dairy, sheep and goat milk, protein crops, fruit andefables, sugar beet, cereal, rice and olive

oil. The core policy assumptions of the CAP in the current CAPRI baseline are summafiabt:th

Table6. Core CAP assumptions for baseline and scenarios.

PILLAR |
Instrument Baseline 2030
Direct payments 2013 reform (partially) implemented
Decoupling BasicPayment Scheme
Coupled direct payment options VCS as notified by MS up to 01/08/2014
Redistributive payment Not implemented
Young Farmer Scheme Not implemented

Granted without restriction (only conversion of permanent
grassland isrestricted)
Implemented according to 2013 reform. Capped budget

Green Payment

Capping redistributed over RD measures
Convergence Included
PILLAR I
Instrument Baseline
Agrienvironmental schemes Areas with Natural Constraints (ANC) and Natura 2000

BusinesdDevelopment Grants /

. Not considered
Investment aid

Common Marke©Organsation

Instrument Baseline
Sugar quotas Abolition of the quota system in 2017
Dairy quotas Quota system expired in 2015
Tariffs, tariff rate quotas Maintained at 2015implementation level or schedule
Export subsidies Not applied in 2030
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4.2 A CAP legal proposal with enhanced environmental and climate ambition

The CAP legal proposals are currently under discussion between thegigiators. Moreover, the new delivery
model leaves ampleresponsibilitiesto MS to choose specific interventions in response to their needs
assessment. Therefore, the final details tife final CAP post 2020 are notet known. Based on discussions
between DG AGRI and the JRC, the JRC has constructed a scenario that would reflect an implementation of
the CAP LPto capture enhanced environmental andlimate ambition. This CAP LP incorpws the
aspirational targets of the F2F and BDS strategies as publisked therefore these targets are implemented
following the same logic as described in sectio34.

The description of thé=2F and BDS targets &AP LP scenario focuses on three maieas: assumptions
regarding the budget; assumptions regarding the new green architecture and other elements. We also
highlight the measures included in the CAP that cannot be captured in the scenario due to specific
characteristics of the CAPRI model.

4.2.1 Budget

Negotiations regarding the final Mulannual Financial Framework (MFF) were still ongoing while this report
was finalized. In order to model the CAP post 2020 assumptions had to be made regarding how the final
agreement between the ctegislators wuld end.The CAP budget assumed in the scenarios reflects the
figuresin the 2018 proposals for the MultAnnual Financial FrameworkMER and incorporates thedditional
budget proposed for CAP on 27 May 2026r the CAP LP + NGEU scenatising assumptons about
technology adoption costs (see section 4.2.Epr the ELR7, they amount to EUR36.8 million in direct
payments andEUR12.4 million in rural developmentafter assumed transfers between pillardBased on
these figures the following allocationsf payments are assumed:

A 25% of the direct payment budget is allocated teco-schemes (ECS)

30% of the rural development budget is allocated to Agienvironmental and climate measurés

A voluntary coupledsupport is limited to extensive livestock, sormfrits and vegetabls (as a proxy for
supporting improved pesticide management) as well as protein crops (for which the additional 2% of
direct payments is maximised).

The final decisions on the budget can lead to different CAP budgets and requirementsaald affect
significantly the reported results.

4.2.2 New green architecture

The new green architecture involves mandataigments (enhancedconditionality) and voluntary measures
(incentivised via ECS and AESIMWVith regards to mandatory measures, onetbe main changes in the green
architecture under the CAP LP is thaere will be no exemptions to conditionalityn addition,unlike the CAP
2014-2020, the 30% ofrural development funds allocated to AEGMoes not include payments for Areas
with Naturd Constraints (ANg} trying to account only for measures that are designed to contribute to
environmental targetsAn overview of the relationship between the new architecture and the budget allocated
is presented inTable 7. It should be mentioned that from a modelling perspective, when quantifying the
impact of the introduction of voluntary measures CAPRI cannot distinguish the source of funds for most
measures (ECS &ECM) as they could be funded by both instruments. Therefore we consider both groups of
measures under a common heading of voluntary measures.

6 Article 86(2) in EC (2018a) states that this percage of RDP budget can be used for interventions addressing the specific
environmental and climate objectives. This can be wider than AECMs, however in CAPRI only AECMs are captured. If new
interventions are proposed by MS, then additional work is needessess how these can (if at all) be captured.
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Table7. Correspondence between measures implemented and budget in the CAP LP scenario

CAP green architectur Implementation details
Type of measures measures Budget di 1)
Mandatory Conditionality Table8
Ecoschemes(ECS) 25% of direct payments
Voluntary Agrrenvwonmental and 30% of rural Table9
climate measures; . oo mentd)
(AECMs) P

(1) ANC payments do not count towards thiercentage

The specific details of the interventions that would be included in the two groups of measures were discussed
between DG AGRI and JR@sed on the CARP text (for mandatory measures) and current AEJdéing
implemented together with the capacity to reflect as model constraints or incentiv€onditionality is
implemented via the measureseflected in Table 8. These measures are fixed exogenously binding
constraints to all area that receivareapayments with no farm exemption.

Table 8. Measures implemented as part of the conditionality associated witsic income support for
sustainability (BISS) by 2030

CAPmeasure Implementation share CAPRI constraint

Cover crops 90% of arable land
Activity without output and without land use, only

Cover crops between | 90% of permanent additional costs.

tree rows crops land

Crop rotation (3 crops) | All arable land Change in land use calculated using Shannon index.

Maintenance of ratio of

grassland at regional Restriction to reductions grasslandbelow the

benchmark share (2015 levels)

level
Imple_men_tgtion of farm All arable land Technology optiorbétter timing of fertilisation) as in
sustainability tool EcAMPAS3tudy
Norproductive If_ baseline level < 5%_ shock equivale_nt to the
elements 5% of UAA difference from base_lme level t&et asid&%
Da ]\ n gdi-noslppckg g h Or
Proportional to the assumptions of pesidetargetin
the BDS and F2F scenarisee section 4.3.1)
10% reductionin All arable and 10% reductionin pesticide costs and 10% increase in
pesticide use permanent cropsand other costs to reflect alternative pest control.
2% reductionin yields for annual and permanent
Ccrops.

Voluntary measuregfunded eitheras ECS or AEGM are implemented without distinguishing whether they

are AECMor@>N' \' n di kmdi "dkg™ oc t “~“jpg_ 1 api _°~ _ qd\
at a predefined share ron-shaded rows in Table 9), ] m %\ qasdeghndlogies¥elescribed in Pérez
Dominguez (2020jo be implemented by farmersn response to the additional CAP budget (shaded rows in
Table 9) where their adoption is the result of the available budget. The budget available for measures is
allocated based on the shares observed in the Rural Development Programmes fquettied 2014-2020
underM10 (agrienvironment and climate) and M11 (organic farming). Only the incrdadsudget compared

to the current CAP funds allocated to these measures is considered to drive additional voluntary adoption.
Details on budget allocation per measure atethnology can be found iAnnexs.

7 The voluntary measures are also affected by the funds allocated to investment support. In particular under the CAP LP + NGEU
scenario we assume that the additiona funds for investment support reduce the obstome technologies funded via ECS and
AECMs.
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Table9. Correspondence between measures implemented and budget ifF2feand BDS targets &AP LP
scenaro

CAP Measure Implementation share CAPRI constraint
. o . Modelled as VCS with a unit payment of 12Qro/ha
Nitrogen fixing crops Not applicable
(see below)
% of arablearea in Change in land use calculated using Shannon index.
farms bigger than 30
Enhanced crop rotation| hectaresbased on Brm
Accountancypata
Networkdata
Catch crops above 90% Activity without output and without land use, only
. » : Endogenous e
in conditionality additional costs.
Nutrient management o Reductiorin N-surplus at regional level compared to
beyond SMR 100% of farms 2018
— 3 . - 5
Additional landscape 10% of UAA Set. a&deﬁ/o or distance from baseline to 10%
features (whicheveris lower)
Proportional to the assumptions of pesticidarget in
the BDS and F2F scenario.
0, i i 1ci 0,
Integratedpest 100% of arable and _25/0 redu_ctlonm pesticideuse €ostg and _25/0
increase in other costs to reflect alternative pest
management(IPM) permanentcrop area control
5% reduction in yields for annual and permanent
crops.
Zero minerafertiliser use, 100% reductiotin pesticide
* 04 i i 0
Organicarming 2506 of UAA _use(cosi)_, 100% increase in other costs, 12.5%
increase in cover crops.
Reduction in yields as shown in FADN (seeex3).
Increa;em iz sha_re el Technologicabption as in PéreDominguez et al.
leguminousplantsin Endogenous
(2020)
grassland
Feed additives Technological option as in Pér&ominguez et al.
Endogenous
(2020)
Fallowing histosols / Technological option as in Pér&ominguez et al.
Endogenous
peatlands (2020)
Rice measures Technological option as in Pér&ominguez et al.
Endogenous
(2020)
- 5 -
More gxtenswe 100% of livestock Maximum livestock density (1.4 LSU per ha)
breeding system heads
Cattlegenomics Endogenous Technological option as in Pér&ominguez et al.
9 (2020) both for milk yield and feed efficiency
Precision farming Technological option as in Pér&minguez et al.
Endogenous (2020)

" Organic farmers can still use PPP so this asqiion is a maximum impact oneBased on FADN data the median PPP expenditure of
organic farms is zero however the mean is 75 EUR per ha compared to 250 EUR per ha in conventional farms.

As mentioned, on top of the CAP budget proposal included in the 20EB,EUJRLS Billion in constant prices
(EUR16.5 billion in current prices) have been initially proposed as part of the Next Generation EU (NGEU) as
well as the additional budget proposed for CAP on 27 May 20Zhhis additional budget is supposed to
suppot digitalisation and investments in the agricultural sector in line with the Green Dgadrities. We
consider that these additional funds proposecbuld be a supplementarydriver of the adoption of

8 This additional budget, proposed as part of the reinforced ldaegn budget, adds EUR 4 billionin constant prices (EUR 4.5 billion in
current prices) for Pillar | and EUR 5 billion in constant prices @&®Rillion in current prices) for Pillar I1.
o In the Questions and Answers on the EU budget: the Common Agricultural Policy and Common Fisheries Policy made public on 2
June 2020, when unveiling the NGEU and reinforced {rgn budget proposals,itis o\ o> _ oc\ o oc™ \ __dodji\g
rural areas in making the structural changes necessary in line with the European Green Deal. Rural areas will haaé ralevit
to play in delivering the green transition. This funding will héiprh to achieve the ambitious climate and environmental targets

di oc® i°r =dj_dg mndot \i _ A\ mh oj Ajmf nom\ o’ bd’ n¥)
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technologies and practices that lead to highemvironnmental andclimate ambition.These additional funds are
assumed to support investmentdt is estimatedthat the additional investment could lead to 80% cost
reductionfor technologies whose adoption requires upfrointvestment incapital goods (precisiofarming,
anaerobic digestion, breeding measures and ammonia measures for housing and storagajdition, the
reduction inthe adoptioncost of the technologiesis also justified by increased technological development
fostered by the increase in Horizdfurope budget allocation. The impact of these additional budget proposals
is analysed with a second CAP LP scenario naf2E and BDS targets &AP LP + NGEWhich only differs

in the cost reduction mentioned.

The translation of additional budget into aétional voluntary adoption is the result of an auxiliary scenario. In
this auxiliary scenario, the additional budget described above is made available as a subsidy to reduce the
cost of the specific technologies. The auxiliary scenario provides as ouktguendogenous level of adoption

that results from the additional budgefTable10). These levels of adoption are incorporated into t2F and

BDS targés & CAP LP scenario that also inclsdal other nortechnology based measures.

Table10. Adoption of mitigation technologies and farm practice in tR@&F and BDS targets &AP LP and
F2F and BDS targets &AP LP + NGEU scenarios

Adoption rate (% of eligible area or heads) Eligible area or
0
Baseline F2F and F2F and BDS heads as % of total
BDS targets & CAP LP +
targets & NGEU

Technology CAP LP
Catch crops / winter cover 23 31 31 33
Increasein the share of 0 71 69 100
leguminousplantsin grassland

Low nitrogen feed 0 0 0 56
Fee_d_ Lineseed 0 10 10 27
additives

Nitrate 0 4 3 44
Fallowing histosols / peatlands 2 55 49 80
Nitrification inhibitors 0 8 0 61
Rice measures 0 65 65 100

Higher milk yield 0 22 31 100
Cattle ] ]
genomicg?) | Higher ruminant 5 10 15 100

efficiency
Precision farmind?) 0 45 56 61
Anaerobic digestioif) 2 4 28 36
Low emission housing) () 12 12 26 40
Cover storage of manuré) () 14 24 31 38
Air purification in animal housing 0 10 14 29
QX0)

*) Measuresassumed to become less expensive dudnwestments promoted by NGEU
(® Measures directed at ammonia reduction but with indirgapacton norCQ GHG

Source: CAPRI auxiliary scenarios

ANC andNatura 2000 payments are only captured in the model as land based payments affecting the
income of the sector but not land allocation or any environmentattmate indicator
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4.2.3 Other elements

Voluntarycoupledsupport

The estimated budget§UR2.8 Billion) is allocated to extensive sheep and dairy (suckler cat&0 euro per
animd; ewes and goatsat 15 europer animal; and dairy cowat 90 euro per animal); protein crops (including
nitrogen fixing crops as defined for voluntary measures) at0l@uro per ha; and some fruits and vegetables.
The split of the total budget reflects the historical decisions of MS during the current €élBntary coupled
support for crops with the potential for bioeconomy is not modelled.

Sectoralinterventions

Thebudget for these interventions is allocated to the specific activities and partly compersstie impact of
reducing pesticides by 25% whefally applying!PM orincreasingorganic productiorarea No specific impact
is assumed on top ofhesetwo measures.

Measures from the CARRgal proposalwhich cannot be captured in the model

A Risk management while the impact of risk management measures is not assesseds éissumed
that the share of rural development support allocated to risk managemeiit be higher than today.

A Young farmers, in line with the CAP reform proposals, it is assumed that an amount equivalent to
2% of direct payments isllocatedfor young farmers

A Afforestation | links to the forestry sector and accountinigr carbon sequesation from land use
change activities are not yet included in the model

A Capping the estimated product of capping isdnsferred to rural development

A Complementary redistributivencomesupport for sustainability (CRISS)the impact of redistribution
at farm level is not modellegdhowever assumptions on respective shares of CRISS aecatschemes
are linked, both corresponding to important objectives of CAP reform.

4.3 Farm to Fork and Biodiversity Strategies

As mentioned irsection2.2 the F2F and BDS strategies include a series of targets that have direct impacts on
the way agricultural activities are undertaken. In this first exercise we have focusefbonof these targets
those related to pesticideshitrates, landscapeelements aml organic farming. As the strategies set
aspirational targets and leave detailsf how these will be met to different legislative and neegislative
initiatives to be taken in the upcoming years, the exact wording of the targets leaves some leeway for
interpretation on howthey will be met. In order tamplement these targets into model constraints the first
decision to be made is the geographical level at which the target will be met. Based on the model
characteristicsthe nitrogentarget can be modelledas beingachieved at regional levelyhile the pesticide

and landscape element targets would be achieved at MS level, and the organic target at EUHerv¢hese
three targets, MSspecific levels are calculateddsed on current levesl of implementation, which are then
applied homogenously to all regions in the MBable11). In this sectionwe present the specific details and
parameters that have beemodified in the CAPRI model to take into account the individual targetsvell as

the modifications made to implement the four targets simultaneousBther targets and initiatives covered in
these strategies (see section 2.2) are not part of the anadysut should also be taken into accoutd gaina
more comprehensive vision of the impacts of the strategies
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Table 11. Agriculturerelated targets in F2F and BDS strategies and their translation into CAPRI model

constraints

F2F Strategy {)

BDS Strategy?]

CAPRI modalpatial level
implementation

The Commission will take
additional action to reduce the
overall use and risk of chemical
pesticides by 50% and the @sof
more hazardous pesticiddsy
50% by 2030.

The risk and use ofhemical
pesticides is reduced by 50% and
the use of more hazardous

pesticides is reduced by 50%.

MS level

The Commission will act to reduc
nutrient losses by at least 50%,
while ensuring that there is no
deterioration in soil fertility. This
will reduce the use offertilisers

by at least 20% by 2030.

The losses of nutrients from
fertilisers are reduced by 50%,
resulting in the reduction othe
use offertilisers by at least 20%.

Regionalevel (%)

freach the objective of at least
-0r | a agdcultur@Raben
under organic farming by 2030

At least 25% of agricultural land
is under organic farming
management, and the uptake of

Regional leve] homogenous

based on MS specific distance to
and a significant increase in target

organic aquaculture.

agro-ecological practices is
significantly increased.

At least 10% of agricultural area
is under highdiversity landscape

Regional leve] homogenous
based on MS specific distance to

features. target
*) EC (2020b)
(®) EC (2020c)
() The reduction is relaxed in a limited number of regions where the model is infeasible. This is mainly due to the factdbat th

regions could export manure to neighbouring regions and the model cannot capture this.

SourceEC (2020b and c) and Owelaboration

4.3.1 Reduction of pesticide use

In the CAPRI modepesticidesare part of the cost function for cropping activitiesnd are includedas an
aggregate componenftTherefore, the modetloes not capture quantitiebut only expenditure and does not
distinguish between different types of plant protection produdBPP)It is thus not possible to capture the
different risk categories used to calculate the harmonised risk indicat@ifl)used bythe EU to monitor
progresstowards achieving Communitypolicy objectivesaimed at reducing the impact fopesticides on
human health and on the environment (Article 15 of Directive 2009/128/EC and Directive 2019182).
address this, aproxy of the target is modelled as a 50% reduction in expenditu®P°. The redution in
expenditure onPPPis accompanied by some additional chges to reflect alternativesthat farmers may
implement to substitute pest and weed controfteflecting the adoption of a more integrated pest
management approach. In particuldhe followingchanges in other costs are imposed together with the 50%
reduction of expediture in PPP:

A 50% increase in other costdo reflect increased effortsn alternative practices such as mechanical
weeding;
A 25% increase in cover and catch crop area reflect alternative practices such as mixing the main

crop with others in the same field

1 The Harmonised Risk Indicator 1 (HRI 1) is based on sales volume multiplied by a weight which serves as a proxy for hazard.

Therefore, eductions of HRI 1 can occur with constant or increasing expenditure on PPP (de facto during the perie2D2@1the
HRI 1 experienced a 20% reduction with sales volume more or less stable). However, this nuance cannot currently be cabieired i
CAPRinodel.
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Unlike withfertiliser use, CAPRI does not have a desssponse function reflecting the impaain yields of

reduced or increased use of PRFincethe scenario assunmethat lower use of PPP increases the risk pést

attacks on cropsin the absence of detfled datathe probability of pest attackds assumed to resulin an

annual 10% yield losson aserage during the projection period’his was based on the review tifie intensity

and probability of pest attacks under reduced PPP us¢he EU(Sanchez et al2019). For the 20 pests for
whichthe impactreviewr \ n pi _ >  mo\ f ~ i joi \ g mwds found ®bebatentjaly @P Yn
affected by these pestsln this analysisthe worst case scenari@f productionlossesof 50% of this impact

was assumed, andhis yield losswas applied to cereals, oilseeds, vegetables, other arabteps and
permanent crops.

The choice of thesedy parameters(reductionin PPP csts, increasen other costs, increasén area under
catch and cover crops, and yield impact) is based on the limited information available atirtiesof running

the scenariosiIn particular, agumentshave been put forwardn the literaturefor a reducedimpact on yields
(i.e.pesticide reductions could be achieved without affecting the yields if there were availabiligitefnative
products nonrchemical technologies otechnologies that allowed for precision applicatjoindeed, Bareille

and Dupraz (2020) show that crop diversity and permanent grassland can both be substitutes for crop
protection expendituresWhile no sensitivity analysis has been undertaken, reducing the yield impact would
reduce the impacts reported fahis target.

Alsq the quantification ofadditional positive environmental effecteissociated withreduction inPPP usée.g.
increased number and diversity of insect®duced health impacts on humans and the environmeate

beyond the CAPRI modellingaiework. In addition, positive spiiver effects (e.g. positive impacts on
pollinatorg, are ignored for all scenarios in the analysitie to the absence of a robust estimate dghe

magnitude of this impact. If this information were to be made availabéeshift in the increasing trends in
yields could be implemented and production effects would be lower.

4.3.2 Increase in land under organic farming

When implementing theimulations for theorganic farming targetwe use the final figure included in the2F

and BDS strategies, that i®&t least 25% of agricultural land is under organic farming management, and the
uptake of agreecological practices is significantly increagélth our modelling exercise, we only consider the
target as far as organic farming is awerned as there is no clear definition of what is included under agro
ecological practices. The 25%rget is set at EU level however in order to be implementable in CAPRI MS
specific targets had to be derived. Instead of implementing the specific eatgpmogenously across M@e.

all MS reach a 25% shareMSspecific targetshave been calculatetbking into account curren{2018) share

of organic farmingby MSandthe expected 2030 organic area in the EU taken from the latest EU Agricultural
Outlook(EC 2018).

The arrent share of organic area in the Eldtands at 8.1%, with a maximum of 24.6% in Austria and a
minimum of 0.4% in Malta. The EU Agricultural Outlook projetis share to increase to 12% in 2030.
Howeverthe EU AgriculturaDutlookdoes not report MS specific organic areas by 2030 order to obtain MS
specific organic shares by 203@he implicit growth rateat EU levelfrom 2018 to 2030 (12/8) is applied to
current organicarea at MS level. Based on the Mspecific shares of 2030 organic area the assumptions
described inTable12 are made to achieve th@5% target at EU level. The MS specific baseline orgameas
can be found inAnnex2 and are applied homogeneously to all regions in the MS.

Table12. Assumptions for splitting MS level efforts to reathirgets for EUareaunder organic farming

Land under organic
farming, EUlevel target
by 2030 Assumptions to set MS specific targets

For MS with baseline level above 35%rget capped at 35%Austria)

For MS with baseline level between 25% and 30%rget set at 30% (Estonia
25% and Sweden)

For MS with baseline level belo2b6%, missing area to meet EU total area
allocated based on distance to target and UAA area

SourceOwn elaboration
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In CAPREkepresentation of organic farming is limited as i$ neither a separate activity from conventional
farming nor an endogenous technology with information on costs and yields. Therefore to model the change,
the difference between the baseline level and the target is then imposed asegogenous shock to the
model'! with the following assumptions on costs and yields. First, as minéedilisation is not allowed in
organic farmingthe average minerafertiliser use in the region is reduced by the same percentage as the
increase in organi@areatarget. The sameelative reduction target is applied for each region within &S de

facto assuming that the MS target is met homogenously in the different regions of the BE&ond, following
Kathageet al. 019), we assumethe following changes in managemei the additional area converted to
organic farming:

A a100% reduction in in plant protection costs;

a 100% increase in fuel and services costs to reflect the alternative farming practices implemented
for pest control (e.g. additional mechanical weeding); a

A a 12.5% increase in the minimum share of cover crops/catch crops, representing alternative weed
control practices athe farm.

The shift to organic farming is also associated with a change in crop specific yieldsblzon a quantitative
approximationof the yield gaps weuse FADN farrievel data (20082016) and calculate yield impacts for

five climatic EU regions and eight crop groujue to lack of data, keld shocls are not applied on livestock
activities and fodden(wherein principleyield gapsshould belower than in cereals and oilseedtue to less

input usg. This yield reduction assumption can be considered as a maximum impact scenario as it does not
take into account several factors, e.g. differences in land quality between organic and conventions, far
potential positive spiovers from a higher regional share of organic farminiglore details on the estimation
method can be found iAnnex3.

Table13. Yield% differences between organic and conventional crops by ageological regiorestimated
from FADN data

Regions
PRODUCT Central Europe Central Europe  Northern Southern reland
North South Europe Europe
Cereals -42.9 -34.1 -32.2 -16.1 -45.4
Maize -32.3 -22.1 Na -4.6 Na
Oilseeds -56.7 -31.8 -41.6 -11.4 Na
Vegetables -42.1 -43.6 -40.6 -11.5 -76.4
Wheat -44.0 -34.4 -40.6 -12.0 -55.9
Fruits -51.3 -57.1 -35.9 -22.5 -63.6
Norfruit 85 20,9 5.2 116 3.8
permanent crops
(0] Na = not applicablemissing data due to lack of sufficient observations. No shock included for these combinations.
(i) Regional aggregates as follows: Central Europe North (BE, DE, LU, NL, PL); Central Europe South (AT, CZ, FR, HU, RO, SK);
Northern Europe (B, EE, FI, LT, LV, SE); Southern Europe (BG, CY, ES, GR, HR, IT, MT, PT, Sl); Ireland (IE).
(iii) The correspondence between product groups above and CAPRI crops is the following:

a. Other Cereals include: rye and meslin, barley, oats, and other cereals

Oilseedsnclude: rapeseed, sunflower seed and soybeans

Vegetables include: potatoes, tomatoes and an aggregate category for other vegetables
Fruits includeapples,citrus andother fruits

Non-fruit permanent crops include: table grapes, grapes for wine and olives

®ooco

Source: Own elaboration based on FADN data.

1 The shock ranges from 0% (for those MS that already reach their target in the baseline in 2030 like
Austria) to over 20% (for Denmark, Greece, Spain, Slovenia and Slovakia). See Annex 1 for the specific
shocks.
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It should be noted thatthe assumptions on yield gaps used in the scenario constructimve some
limitations. While hese shocks are similar to those reported farfully-fledged conversion to organic farming

in the UK and Wales by Smith et al (2018kcent large scale metanalysesreport yield gaps between
organic and conventional farming is estimated lower the ones derived from FADN analysis, being overall
around 20%(de Pontiet al., 2012;Seufert et al., 2012; Ponisio et al., 2014; Smith et al., 2020). There is also
evidence that current application of more environmentally friendly farming practices in Europe, including
organic farming, are occurring to a greater extent in raanarginal, extensive areas where the intrinsic yield
potential is lower compared to highly producing areas (Spaziante et al., 2012; Uthes and Mazdorf, 2013). The
obtained results from FADN are likely to reflect these aspects. Therefore, results have itotérpreted as
exploratory and have to be taken with care. The productionrafust evidence on the relation between
performance indicators in agriculture and organic farming would require a more careful, dedicated study.

Moreoverthere are spiloversfrom this conversion at a considerable scale that have not been captured due
to lack of data. First, organic farming is associated with higher species richness that could have a positive
impact on ecosystem services such as pollinators (Tuck eR@lL4). This increase could lead to higher yields

in the rest of the agricultural area similar to the case of reduced pesticide @sxond, a change at this scale
could lead to improved performance of organic farming due to improved technology development,aiegyn
diffusion and improved skilfs.

Again, due tdack ofrobust datg we could not incorporate these aspects. In both cases, the magnitude of the
yield gap would be lowehoweverwe cannot asses by how much it would be reduced.

In addition, as a response tthe limitation in mineral fertiliser use, farmersmay chang their farming

practices by adpting technological options that increase nitrogen efficiency. Considering that organic farmers
need to deal more carefully with nutrigs in order to avoid the additional import of nitrogen via mineral
fertilisers or feed, technologiesuchas®®™ oo™ m odhdi b pjpa” dan dnoid ga\umhnchi»b > mh \°t
reflect the costs farmers are facing to avoid the loss of nutrients.

The fact that organic farming is not a separate activity also means that organic production does not face
market incentives due to higher prices. However, the price differential currently observed in the market for
organic produts would probably be reduced velm achieving sucta high share of total production as those
envisaged in the modelled targeln any case, the introductioaf higher prices for organic producboth in the

EU and world marketsvould mean that the production of the EU wouldot need to compete with
conventional production and thereforthe impact on the competitiveness of the EU productiomould be
lower.

4.3.3 Increase of area under high -diversity landscape features

The increase of area under higtiversity landscape features is modelled asraquirement forincrease in
nortproductive land (fallow landin each MSas landscape features are not a landlse category in the model

The area under fallovhas a zero gross nitrogebalancebecause there are no inputsr outputs defined for

the fallow land activity. The 10% target is translated into an exogenous shgeking into account the current
levels of fallow land taken from Eurostat and the area equivalents of linear landscape elements derived from
the Land Use Cover Area frame Surv@yJCA¥pas estimated by the JRC (for details see EC 2018d). At EU
level, this means there is already 4.1% of total UAA as fallow and 0.6% of UAA covered by linear landscape
elements®. Thereforethe additional area needed to meet the target is 5.3% of total area. Tdistance to
target is calculated at MS level taking into account their 2018 levels and implemented homogenously in all
regions (seeAnnex4).

Two aspects of the capacity to mimic this target in CARRly have an impact on the results obtainedrirst,
the scenario does not capture spitlver effects to the rest of the UAA relatetb increasing yields due tthe

12 A preliminary analysis of FADN @ashows a small negative correlation between the size of the organic area in a region and the
yield gap between organic and conventional farms. However, this correlation is not significant. Further analysis is nesgtathta
robust estimate of this ptential effect.

3 The methodology used for converting linear landcape elements into area is based on the LUCAS transect survey of 2015. This
approach is noexemptof bias. The main potential source of bias is the difficulty attributing LUCASeported linear landscape
elemnts as part of UAA or not. An initial set of rules to attribute observations, roughly classifies&%ithin the UAA and 45%
outside, with around 15% of dubious cases. This 15% clearly represents a major source of ungertaiaddition, it only considers
linear features at least 20 mets long and standard conversion factsrfrom length to widthused arebased on EFA standard
conversion factors. Currently, the JRC is contributinghtodevelopnent of a European monitong system on landscape features
within the LUCAS framework, which would overcome these limitatiés no better estimate is available, this source was used as
not to underestimate the baseline level and therefore overestimate the impact of reaching trgeta
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potential for regulating ecosystem services such as pollination and natural pest cap¢iagenhanced by the
presence of semnatural vegetation and set aside are#fs Alsq by implementing the increasén high
diversity landscape features homogenously at regional level, we miss the flexibility in allocating the impacts
within the regions of a specific country. This could allow more falland in less productive regionseducing

the impacts on overall productioms a resit, the results obtained will tend to overestimate the yield
decrease due to this policy targeHowever, if impacts were concentrated on one or a few regions of a
country, regions with already lower productivity/profitability might be affected more inmgrof economic
effects, and the environmental benefits would not be reached in high productive arkast, by considering
only fallow as the option to provide landscape features we miss the potential benefitaltdrnative non
productive landscape feates (such as woody features and wetland rehabilitation) related to increased
carbon sequestration.

4.3.4 Reduction in gross nitrogen surplus

The reductiorin nutrient losses is implemented as a reduction in the gross nitrogen balance (GNB) in CAPRI.
Flows for plosphorus and potassium are not available. The reduction is implemented at regional (NUTS2)
level and forces the model to deliver a reduction from the baseline projected GNB for 2080reflects the
ambition of the target set in the F2F and BDS strategi&he wording of the target in the strategies presented

in Table11 is not the same in the two strategies. We base our assumptiomsthe descriptionin the F2F
strategy e Commission will act to reduce nutrient losses by at least 50%, while ensuring that there is no
deterioration in soil fertility. This will reduce the use &drtilisers by at least 20% by 2030%Rather than
imposing a reduction iffiertiliser input, we choose to represent the output (reductionnutrient losses) as the
CAPRI model calculates GNhich represert the excess nutrient that can be associated with losses (see
section 3.1).

Implementing a homogenouS0% reduction would fail to capturelte safeguard of not reducing soil fertility,
so the regionspecific targets were calculated using two approaches. Ftrat, contribution of each region to
the EU target was calculated as the difference between the actual surplus and pitegected surplus if
efficiency in the use of N increases from the current value to a threshold value of efficiency equal to 75%.
This threshold value fonitrogen useefficiency iswithin the range of the maximum level recorded worldwide
(Reddy and Reddy,993: Ciampitti aad Vyn, 2012; Mirloy et al, 2019and also within the desirable range
assessed by experts the field with the technologiescurrently availableEUNEP, 2017 This led to an EU
wide reduction of 42%with a maximum regiorspecific reduction of 91% and seval regions (those with low
baseline GNB) being allowed to increase their GNB. Second, a gradual reduction target was*apftisded

to an EUwide reduction of 36%with a maximum regiorspecific reduction of 87% and a low of 25% for
regions with baskne GNB below 50 Kba. The latter approach was chosefor implemengation in the
scenario When implementing this approagctine target for nine regions with high GNB values in the baseline
associated with high animal numbers, generated infeasibiliieshe model Due to the limitations mentioned
below, the reduction target for these regions were set at the EU average (36%).

Imposing the reductioralso drives theactivation of technologies that can increase nitrogen use efficiency.
The CAPRI model nggon used for this simulatioris able to model the adoption of mitigation technologies
that also have an impact on nitrogen useprécision farming;variable rate technologypetter timing of
fertilization; nitrification inhibitors; andow nitrogen feed)The baseline adoptiorates for these technologies

are assumedto be zera Specific details on the costs and impacts of these technologies can be found in
PérezDominguezt al. 016).

Again, the assumptianare based on the best available knowledge acohstrained by the modé& capacities.
In particular three main issuesthat cannot currently be implemented in the modehave an impact on the
results. First, baseline adoption of the technologissassumed to be zerowvhen thismay not be the case
Theae are no data available on current adoption of the technologie® the only option available is to set
them at zero. | data were available and an adoption rate higher than zerat the baselinecould be
implemented,the nutrient surplus reductionin the model resultsdue to technological adoptiorwould be
overestimated and part of the mitigation only possibléhrough changing areas or numbers of headshus

14 See Bareille and Dupraz (2020) for an analysis of the productivity impacts of crop diversity and permanent grassland drandrea
milk yields, using FADN data forired crop-livestockfarming innorth-western Franceln particular, they conclude c \permabent
grassland proportion increased cereal yields when crop diversity was low, highlighting some productive spill over effgmts-of
natural areas on arable land4)

15 A reduction factor of 25% was applied to the first 50 kg/ha of GNB, 50% 3%0r 100 kg/ha GNB, 75% for 10050 kg/ha GNB and
100% to kg/ha above 150.
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impactson production would be higher. Secqrttie baseline does noguarantee thatcurrent EUlevel legal
obligationsare met (i.e. theNitrates Directive- in particular thegross nutrient surplus that does not cause
water pollutionin Nitrate Vulnerable Zoneghe Habitats Directive;and the Water Framework Directiyenor
other more restrictie national legislation (i.e. NL and DE). Therefore, we cannot separate the total impact into
these two components (meeting existing legislation and reachingrttibgenreductiontarget set in the F2F
and BDSstrategieg. Therefore, the impact reflestboth of these;not only the target from the F2F and BDS
strategies.Last, the model assumes that all manure generated in a region has to be we¢hin that region.
There is evidence that livestogktensive regiongrocess and/oexport their manure to neigbouring regions
with lower nitrogen loads. Therefore, the GNB for these regions is overestimated apacisnon animal
numberswould be lowerfor them were we able to capture the trade in manure. Overall, we are not in a
position to evaluate whdter the aggregated impact of these three limitations would increase or decrease the
impact on production obtaid.

4.3.5 Modifications needed to the assumptions when implementing the four targets
simultaneously

In order to implement the four individual targets simultanesly we need to take into account the interaction
between the assumptions made for eacharget. These aresummarised in Table 14. For example,
achievement of the landscape elements target contributes to the reductiorpesticide useand to the
reductionin N-surplus (GNB), as it reduces crop production. However, some-siané scenario assumptions
overlap, and their interactiofs not straightforward to interpret. This holds particulat for the overlapping
assumptionsin the organic and pesticide scenarios.

The representation of both targets affestsome parameters simultaneously. In particular for both scenarios
we impose:

A reductions in pesticide use;

A changes in other production costs;

A changes in yields;

A setting a minimum requirement for catch and cover crop areas.

The synergies betweerthe pesticide and organiscenario assumptions is modelled as follows. We first
compare vhat the assumed expansion of the organic area achieves in terms of pesticide reduction to the
pesticide reduction target. Note that the reduction target in the pesticide scenario is set to the whole
agricultural sector (both organic and conventional farmsherefore, we calculate a pesticide reduction target
for the conventional agriculture, by subtracting the pesticide reduction already achieved by the organic farms
from the original target. Thenthe reduction targetfor the pesticide scenario (for the lwole agriculture) is
scaled (decreasd to avoid doublecounting (i.e. we avoid erroneously forcing conventional farms to meet the
reduction that was already achieved by organic farmsyhe scaling of the original target reflects the
assumption that convetional agriculture will only decrease its pesticide use to the extent to meet the target
for the whole agriculture. For consistency reasons, the adjustméeatsosts, yields and cover crop areas are
also re-scaledin linewith the relative decrease in thpesticide reduction target.
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Table 14. Interaction betweenthe assumptions made for each of the targets in the staadbne

implementation

Gkn_ar ml R,
Pesticides
(whole UAA
except
grassland, other
industrial crops,
Landscape flowers,
Organics elements nurseries and
(additional organic| (additional set Nutrients new energy
area) aside) (whole UAA crops)
Crop/region
Yields specific yield gap -100% No impact -10%
estimations
Plant
Protection -100% -100% No impact -50%
Products
Costs - .
Fuel costs +100% -100% No impact No impact
cher No impact -100% No impact +50%
Input costs
Fertiliser Mineral -100% -100% ® No impact
GNB ® - -50% No impact
Cover crops use +12.5% No impact No impact +25%

(1) There is no explicit assumptioon the impact of the scenario reflecting the staralone targe; howeverit is affected by the
change in mineral fertiser.

(2) There is no explicit assumption on the impact of the scenario reflecting the stode target howeverit is affected by the
charge in GNB.

For example, if a region has an organic target of 20%e regionis assumed toalready achieve a 20%
reduction in pesticide useagsumed full reduction in pesticide use on organic areas). Therefore, the
conventional agriculture only needs tachieve the remaining 30% reduction. In order to get the remaining
target for the whole agricultural sector (not only conventional areas), the remaining 30% target needs to be
scaled with the area share of conventional agriculture: 30% / 0.8 = 37.5%. Thegesticide reduction target

for the region in the combined scenario is 37.5%. The scenario assumptions on changing yields, costs and
cover crops are all rescaled in a similar way, by taking into account the area shares of organic/conventional
agricultue.
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5 Results

5.1 The combined effects of the F2F and BDS mn | [ n _targets m#ithout
changing the CAP

In this section we report theoutcome of the modelling exercise as regards thapacts of simultaneously
implementing the four individual targets reporteish section 4.3while keepingthe CAPof 2014-2020 as
described in section 4.1We stress again that the results presented here are subject to the limitations
highlighted in section 4 and summarised in section Ehe readeris reminded thatCAPRI model can only
represent these targets ia stylized manner and this exercisgas mainly driven by the need to identify areas
for which additional developments are needethus modelled results should not be taken as precise
guantitative projections of thémpactsof the target.

5.1.1 Economic impacts

Total UAA in the EU increases by 3%l scenario Figure5), mainly driven by thepositive impacts of the

set aside (1.5%) and nurients (0.8%) targets, as these two targets affect land use change largely
independentlyln turn, there areoverlapping impacts from the pesticide and organics targeds pesticide use

is strictly regulatedin organic production systems. To account tbe overlap in the assumptions on pesticide

use restrictions, we consider that, if the pesticide reduction target in a region is mostly achigwedgh
organic agriculture alone, then conventional agriculture needs to restrict its pesticide use to aesrdatiree.

Thus, conventional agriculture in a given region reduces its pesticide use as a residual to achieve the missing
part of the reduction target.

Figure5. EU27 area (ha) or animal number and supply changes in 2030 for ##F and BDS targets and CAP
2014-2020 scenario relative to the baseline
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With respect tasupply, the cerealsind oilseed sectors are negatively affected inthis scenario. Both cereals
area (4%) and cereals yields-{1%) decline in the EU, leading to156% decrease in supply. Regarding the
breakdown of the combined effect on cereals area, only the GNB target triggers a small expaftst#h)

while the other targets have negative impactBhe increase in cereals area driven by Gi¢Buction is due to
reduced animal herd and feed demand, with secondary effects on feedstock. While cropping activities directly
linked to animal feeding (soybean, fodder on arable land and intensive grassland) reduce their area share in
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arable land, most cereal activities sligh increase their land use shar#s Nevertheless, the dominant impact
from the different targetsin area for cerealsstems from landscape elementgcausing a-9% decrease in
area), with a significant part of the arable land switching teet aside(or othe non-productive use), thus
leading to adecline intotal cereal area.However, the overall effect is compensated by increase in cereal
areas to compensate lower yields from shifts to organic and lower pesticide use production methods.

Although the area for vegetables and permanent crops remain stable in the scenario (+0.1%), their supply
decreases by 12%. This is explained by the drop in yields, mostly due to the organic yield gap, while land use
(cross) effects from the arable sector positively affecteimpact of GNB target on fruit and vegetable area

Finally, in the livestock sector, the GM@&luction target dominates the simulated impacts on animal herds.
Animal herds are reduced to decrease the manure output and to trigger an improvement in thegait
balance. Consequently, meat supply decreases by abhd@b and raw milk supply by 10%.

The estimated changes in domestic supplseported above wouldead to adjustments in commodity trade

flows (Figure 6). The EU net trade position for cerealsv@sening due to the combination of larger imports
(+39%, substituting EU domestic production) and smaller expoi#8%, as domestic supply drops 622%

and higher EU prices become less competitindtwithstanding, the EU remains a net exporter foreas.
According to these resultsEU oilseed importsvould increase significantly, driven by a substitution of
domestically produced oilseeds with imported ones. As EU oilseed production decreases more rapidly than
demand due to the direct impact of targe, imported oilseed get a higher share in the market balance. A
large share of the increasing oilseeds imports is rapeseed from Canada and Ukraine. The large decrease in
feed demandreduces theimport of oil cakessignificantly (mainly soybean cakes forekeding). EU imports

from the biggest trade partners all decrease (Mercosur countries by 18%, USA by 35% and Russia by 24%).

16 Such crosseffects between the individual targetgin this case a substitution effect between arable crops) often complicate the

breakdown of the combined effects. Therefore,ettrelative change in the combined scenadould differ from a simple linear
aggregate of the effects simulated in the stardlone scenarios.
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Figure6. EU27 net trade forcrops (upper figure) and livestock products (lower figure)
in both baselhe andF2F and BDS targets and CAP 202820 scenarioin 2030

baseline ®F2F and BDS targets and CAP 2014-2020
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According to the model resultshé worsening netrade position forsheep and goatmeat is largely due to
increasing importsThe TRQs become largely overfillddm Australia and NewZealandas well as with the
Mercosur countries (quotilling rates reach 185% and150% respectively). Beef imports also exceed the TRQ
thresholds, with beeErgaomnesTRQs becomingverfilled at203%, and all bilateral quotas (those open for
specific coumtries only) largely overfilled. EU pork meat exports largely decrease by 77%, driven by the drop in
EU supply and the drastic increase in producer prices. Thewklld lose relative competitiveness and
significant market shares on global pig meat markeBoultry meat imports increase very dynamically. Both
Brazil and Thailand increag@eir exports to the EU by a factor of thre@he significant size of these impacts

is driven by changes in prices resulting from the modele(price sendivity analysis n section 5.1.3shows

that lower price increases in the EU lead to lower trade impackfe only sector where we see an improve in
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the net trade position is that of dairy products where we can observslight increase (+5%), driven by
increased exportsfovhey powder. The feed demand for whey is decreasing more than its supply, leading to a
small increase in exports

These changeson net tradewould besmallerif the reductiontarget of food waste had been includedjiven

that part of the reduced produatin would be dampened by reduced demand. In a simulation of the impacts of
reducing food waste undertaken by Philipidis et al (2019) we see that a 50% food waste reduction would
induce a reduction ofood productionranging from less than 1% for cereals angther crops to close to 6%

for meats. However, due to the fact that a different model was used for this assessment the exact impact on
productionof the targets taking into account food losses cannot be assessed. Also for meats, a shift to diets
with more plant based products would reduce the impact of the targets on livestock producésnsome
reduction will already come from the shift in diet#\ reduction in meat consumption would dampen the
impacts on net trade as well, there would be more productamailable for exports and less need for imports.

As mentioned above, thecenario leads to significant price reactigmaainly for livestock productsHigure?).
Depending on the change in total supply this leads to increased or decreased total income for the Seattalr.
income of the cereals sector decreases substantig$%). Although both ina&asing producer prices8(2%)

and declining (variable) costs1(6%) compensatdor falling income, these impacts are not strong enough to
counterbalance the large decline in total revenue8.6%) driven by a 11% drop in yieldsSmaller impacts

are foundfor the vegetables and permanent crops sector where the price increase of 15% nearly offsets the
yield decrease, leading to stable revenues, but inceased costs still mean that overall income is reduced by 5%.

43



Figure7. Changs in EU27 producer prices (top), total revenues and costs (bottom) for main crop and
livestock aggregate$or the F2F and BDS targets and CAP 262820 scenario(2030 compared to baseline)
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The increase in meat prices is due to the combination of shrinking animal herds (as a result of the GNB
reduction target) and relatively inelastic food demand. In theory, increasing imports from main EU trading
partners (at low prices) might impacn EU @mestic price peaks. However,this scenario, EU imports do not
increase sufficiently to countbalance the drop in EU supply. Although the net trade position for meats
decreases considerably, EU meat imports do not expand to an etft@ntvould keep dmestic prices at lower
levels. Insection 5.13, the robustness of tke above price and income effects assessedthrough two
dedicated sensitivity analyses: (i) on the elasticity of EU meat demand and (ii) on the impact of EU import
restrictions.The larg price increase for the animal sectors mostly translatito positive impacts on total
income.

The price increaswould translate intodisproportionatepositive impacts on total income in the meat sectors.
The 24% price increase for beafiould trigger a 126% increase in total incomdor beef meat production
activities. Similarly, the 43% increase in pork meat prices and the 18% increase in poultry meat prandd

lead to higher total income for the relevant production sectors (+129% and +83%, respgjivAlthough the
estimated revenue changes for all meaactivities are in a similar range (17% to 38% calculated on a per
head basis), the relative income changes depend to a large degree on the initial income position of the
sectors. While the initiallynegative income positions for beef, pig meat and poultry meabuld be
significantly affected by the revenue impacts, the small positive initial income of the sheep and goat meat
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fattening sector increases only to a smaller degree (+6% in total income).

For some commodity market€£U domestic producer prices are not the key drivers. For example, EU domestic
production of soybeans is small relative to imports. Consequently, the price of imported soybmeasty
defines EU internal prices for feed processiod soybeans. The average price indiex domestically produced

and imported soybeans is more relevant for assessing the impact on feed prices. The chatigefeed price

index is below +3%, although the price of domestically produced soybeans incsdgsaround 22%.

5.1.2 Environmental impacts

The environmental effects of thecenarios are reported i(Tablel15). These effects are mainly driven by the
reduction of nitrogen loadsk-or example, the reduction in nitrogen surplus at fatevel (per hectarejeported
(-33.5%for EU average) isnainly achieved byvhen reducing theautrient loadsonly (-32.5%). The reduction
in nitrates leaching is even slightlpwer in the combined scenario (36.2%an in thecontribution by the
nutrients load target(-41.3%), due to a stronger impact on minergrtilizer use versus manure application
on the fields (manure has lower nitrogen use efficiedQy

The reductionsn this scenarig for the four indicators considered follow a similar geographical pattéfigure

8). For example, reductions in nitrogen surplus, nitrogen leachingsamahonia emissions are observed across

all of the EU countries. The exception is in a few regions characterised by increased pig and cattle herds, as
well as some with cereal and oilseed production. Tioe-CO2 GHG emissiormdso decrease in the EU, except

for several regions of Spain, Portugal, Germany, the Netherlands and Austria. Since the increase in the
emissions in each of these regions is around 5%, the overall emissions balance in the respective countries is
negative.

17 Nitrogen leaching is calculated as a fixed share of the d@ikurplus, which is the difference between nitrogamports and exports
from soils. If bothnitrogenimports and exports decrease, but exports (gaseous emissions, rucrof,products) decrease stronger
than imports, the the soil surplus and thus Nleaching,ncreases.
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Tablel15. Environmental effects othe F2F and BDS targets and CAP 202820 scenario(% changefrom
baseline in 2030)

Environmental impact F2F and BDS targets and CA
2014-2020scenario

Surplus -33.5
Nitrogen

Leaching -36.2

Mineral -39.3
Ammonia Manure -31.5

Total -33.0

Enteric fermentation -14.6
CH

Manure -12.2

Mineralfertiliser -40.4
N0

Manure -3.2
NonCQ GHG (C£q) Total -14.8
Leakage % of domestic reduction 66.0
NonCQ and CQ emissions Total -20.3

Achieving the four targets can help delivera 20.1% reductionin GHG in the agricultural sector by 2030
including both norCO2 and CO2 emissions compared to the base(ifeble16). Therefore it would stop the
increasing trend in the sectors emissions that has been observed since 2B&dusing only on negQ
emissions (i.e. methane and nitrous oxide) this reductiori4s8%, of whichthe model results show that
nearly two thirds are/ag = {8to the ést of the worlddue to emission increasgin non-EU regionsinder the
assumption that there is no additional mitigation action taken in the rest of the woflde Combing scenario
results in a lower mitigation than the sum of the specific targets both in terms of total emissions (26.6%
versus 19.3%). This is the result of production impacts that are normally lower where some targets generate
synergies with each other (i.adoption of cover crops). The relative contribution of the different targets to the
reduction inGHG emission is led by the nutrients and pesticide targets. The organic area target also has a
significant impact on total GHG contribution due to the assuhiecrease in cover crop use, which increases
the carbon content in soils.

18 percentage leakage is calculates the increase in emissions in the ROW dividided by the mitigation achieved in the EU.
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Figure8. Changes in th&2F and BDS targets and CAP 202820 scenario compared to the baseline (2030)
for nitrogen surplus (panel a); nitrogdeaching per hectare (panel b); ammonia emissions (panel c) and non
CQ GHG emissions (panel d).

(a) (b)

(©) (d)

Table 16. GHGemissions(1000 t CQeq) for the F2F and BDS targets and CAP 202820 scenario, %
reduction compared to baseline and % of the reduction offset by increased emissions in the rest of the
world (leakage).

. . F2F and BDS targets and CAP 2014
Type of emissions Baseline
2020
NonCQ agricultural emissions 372,140 317,054
% reduction -14.8%
Leaked reductior -66%
Non-CQ and CQ agricultural emissiong!! 371,548 295,952
% reduction -20.1%

[}] Includes the contribution to carbon sequestratitmoughthe modelled mitigation technologies

The total mitigation achieved can be split between that linkedcteanges inproduction (mix and level), and
that achieved through technologies and agronomic practices. For hothCO2 and CO2 emissions, mitigation
driven by technology and farm practiceeers 38% of total mitigationThe split of mitigation by technologies
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