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Report on assessment of the potential of existing
and innovative modelling tools

s Y

o Assess the potential of selected modelling tools against their
application along the governance of the CAP Strategic Plans.

A comprehensive literature review,
consultations with the modelling teams
operating each tool, and a comparative
analysis to identify gaps, synergies and
overlaps among the selected tools.

o Review the different sustainability goals (from an economic,
environmental, social perspective) and the most relevant issues
associated with them (including specific CAP indicators).
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2. Executive summary

Keeping in mind the objectives set up in the CAP Strategic Plans (CSPs), Deliverable 2.1 reviews the different
sustainability goals (from an economic, environmental, and social and rural perspective) and the most relevant
issues associated with them (including specific CAP indicators). Deliverable 2.1 also provides some reflections on
how, and to what extent, modelling tools can contribute to the assessment of policy interventions aimed at achieving
the mentioned sustainability goals, e.g. when considering efficient soil management it is useful to include indicators
related to carbon sequestration. The selected tools include large-scale models (e.g. AGMEMOD, CAPRI, GLOBIOM,
MAGNET, and MITERRA-Europe) covering MS and also the EU as a whole, as well as small-scale models focusing
on specific topics, products, regions, single MSs or even farm detail.

This deliverable has been prepared in the context of Work Package 2 (WP2) — ‘Screening and development of
innovative quantitative tools’. It builds on the findings of WP1 — ‘State-of-the-art conceptualisation, inventory and
evaluation’ and provides an assessment of the potential of selected modelling tools against their actual application
along the governance of the CAP SPs to identify operational needs at MS and EU level.

The methodology applied for this deliverable consists of a literature review and a consultation with the various
modelling teams operating tools at the following organisations EuroCare, IIASA (International Institute for Applied
Systems Analysis), JRC (Joint Research Centre), Teagasc (The Agriculture and Food Development Authority),
University of Ljubljana and WUR (Wageningen University and Research). The purpose of these activities is to collect
information on the structure and the characteristics of each modelling tool, as well as improving our understanding
on how each tool has been used in the past and how they can potentially contribute to the policy cycle.

One of the main findings is that the selected tools are reasonably well-equipped to capture economic aspects which
have a longer tradition within the CAP. However, the representation of some environmental indicators and social
aspects in general is very limited. Some of the key gaps identified are as follows. Small-scale tools are in general
well-equipped to simulate or optimise the level of farm income, although this is not the case for large-scale tools. In
contrast, risk and the use of risk management tools, as well as indicators providing information on the farmers’
position in the supply chain constitute an area for further development. Moreover, indicators on biodiversity and
enhanced eco-system services are currently extremely limited in the case of both large-scale and small-scale
models. Focusing on the social aspects, small-scale tools provide a better representation in comparison to the
selected large-scale tools, although once again it is important to stress that both types of tools are more detailed
with respect to economic and environmental sustainability indicators than with social ones.

A key lesson of this deliverable is that models can be used in a combined way to increase coverage of issues. This
holds for integrating biophysical and economic models, as well as micro and (meso) sectoral models. An obvious
candidate for model collaboration is the case where sector models provide market signals (prices), which are used
by farm level models as an input, and farm models simulate changes in famer behaviour in response to, say inventive
and regulatory policy changes at farm level, conditional on the (future) market conditions as provided by the sector
models. Moreover, those aspects which are not addressed in the case of large-scale tools but properly represented
in the case of small-scale tools (and vice versa) create room for potential modelling linkages. As an example of this
we refer to structural change, which is often captured by means of a trend in the case of large-scale tools.
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3. Introduction

In the context of a changing Common Agricultural Policy (CAP), the New Delivery Model (NDM) established in
Regulation EU 2115/2021! introduces national Strategic Plans (SPs) and new monitoring, review and evaluation
requirements. In 2019, the European Commission (EC) launched the European Green Deal (GD) including the
Biodiversity Strategy, the Farm to Fork strategy, the Soil and Forest Strategy and the Climate Adaptation plan and
established sustainability targets to be achieved mostly by 2030, also through the CAP. The new CAP comes with
more responsibility on Member States (MSs), a performance-oriented rather than compliance-based approach, more
responsibilities and flexibility for MSs for the design of the SPs and the monitoring framework, as well as a new
policy cycle entailing exchange and coordination with the European Commission.

MSs must acquire new capabilities and set up proper methodological tools to ensure i) alignment to CAP, GD and
SDGs objectives and international commitments; ii) increased sustainability ambition compared to the previous
programming period; iii) internal and external coherence of the intervention strategy; iv) consistency from regional
to national levels; v) accountability through SMART targets and reflected in funding allocation; and vi) reliance on
ex-ante evaluations; vii) wide stakeholder engagement and coordination with regional bodies, socio-economic
partners, and environmental and climate authorities; viii) process quality, simplification, and modernisation; and ix)
cost-effectiveness of the adopted systems.

The Tools4CAP project, therefore, is set the context of a changing Common Agricultural Policy (CAP) and aims to
provide CAP decision-makers with suitable tools for a more evidence-based policy making, ultimately improving the
capacity to design next generation strategic SPs, and to perform monitoring tasks. To realise its ambitions, the
project pursues five specific objectives:

Objective 1. To provide a shared knowledge base and an evaluation of methods and tools used for the design and
implementation of the SP.

Objective 2. To identify and adapt innovative methods and tools for the design and implementation of the SP, by
taking stock of relevant and replicable solutions developed in recent and ongoing research projects and other EU
initiatives.

Objective 3. To empower end users to adopt innovative solutions for the design and implementation of the SP, by

providing them with methodological guidance on choosing the best solutions, their operationalisation, and associated
good practices.

Objective 4. To establish a replication lab supporting the practical demonstration and uptake of innovative solutions
for the design and implementation of the SP, by operationalising and testing methods and tools across case studies.

Objective 5. To set up a capacity building hub to mobilise knowledge and transfer operational capabilities to end
users for the design and implementation of the SP, by enabling mutual learning, participation, and science-policy
dialogue.

This deliverable especially contributes to objectives 1 and 2 (see more details below).

The aim of the present deliverable is to report on the main findings of Task 2.1. More specifically, Task 2.1 relies on
the findings of WP1 and provides an assessment of the potential of selected modelling tools against their actual
application along the governance of the CAP SPs to identify operational needs at MS and EU level.

More specifically, Task 2.1 began by reviewing the different sustainability goals (from an economic, environmental,
social and rural perspective) and the most relevant issues associated with them (including specific CAP indicators).
See Appendix 1 describing the analytical framework that has been used for each objective. Subsequently, this task
has identified whether, how, and to what extent, those tools selected in WP1 can contribute to the assessment of
policy interventions aimed at achieving the mentioned sustainability goals, e.g. when considering efficient soil
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management it is useful to include indicators related to carbon sequestration. The selection of tools will include large-
scale models (e.g. AGMEMOD, CAPRI, GLOBIOM, MAGNET, and MITERRA-Europe) covering MSs and also the
EU as a whole, as well as small-scale models covering specific topics, products, regions, single MSs or even farm
detail. An overview of the selected tools that have been covered in Task 2.1 is provided in the table below.

Table 1. Overview of selected tools

=  AGMEMOD
= CAPRI

Large-scale modelling tools = GLOBIOM
=  MAGNET

=  MITERRA-Europe
= Eco-Scheme Farm simulation tool (NL)

= Farm income FADN-based calculation tool

(NL)
=  FARMDYN
Small-scale modelling tools * FAPRIIreland Model

= FARMIS (DE)

= IMF-CAP

= KOBALAMI (NL)

= SiTFarm tool (SI)

= Experimental economics
Other tools = Statistical analysis

= Others

Source: Tools4CAP 2023

The findings of this deliverable are based on the outcomes of a literature review and a consultation with the various
modelling teams that operate each of the tools listed in Section 2.2.2 Specifically, researchers/modellers from the
following organisations have been contacted: EuroCare, IIASA (International Institute for Applied Systems Analysis),
JRC (Joint Research Centre), Teagasc (The Agriculture and Food Development Authority), University of Ljubljana
and WUR (Wageningen University and Research).

Overall, the purpose of these activities, i.e. literature review and consultation, was twofold. Firstly, they aimed at
collecting information on the structure and the characteristics of each modelling tool, including an overview of the
indicators that a particular tool can deliver. Secondly, these activities aimed at improving our understanding on how
each tool has been used in the past, as well as how each tool can potentially contribute to the policy cycle. All the
information gathered while conducting these activities has been used to populate the following excel-based
templates:

2 Some of the material that has been consulted as part of the literature review is the model documentation available at
the relevant model websites, as well as the information available at the Modelling Inventory and Knowledge
Management System of the European Commission (MIDAS). See, also:


https://web.jrc.ec.europa.eu/policy-model-inventory/explore/models/domains/
https://web.jrc.ec.europa.eu/policy-model-inventory/explore/models/domains/
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¢ Inventory of model needs and model characteristics — this file presents the proposed analytical framework
(which is described below) and provides an overview of those aspects that are already represented by the
selected tools. In addition, it also presents some qualitative information describing the tools and a
comparative overview scoring the tools against each other. Appendix 2 partly reproduced the content of this
template, while most of the qualitative data collected in this inventory has been used as the basis for the
main analysis of the present report.

e Applications — this file lists and describes examples of previous projects in which a selected tool was used
(see, Appendix 2).

The analytical framework used in Task 2.1 relies on the outcomes of MEF4CAP study (Monitoring and Evaluation
Frameworks for the Common Agricultural Policy), the CAP mapping study (European Commission et al., 2023) and
the study on the conversion to a Fam Sustainability Data Network (FSDN).® More specifically, the MEF4CAP project
has delivered a framework which shows how the Specific Objectives (SOs) of the CAP are associated with several
indicators which are priority according to the performance monitoring and evaluation framework (PMEF).
Subsequently, these indicators are related to different technologies which could potentially help gathering the data
needed for the monitoring and evaluation of the progress achieved in terms of each indicator. Moreover, the CAP
mapping study provides a first assessment of the CAP Strategic Plans (CSP) submitted by each MS. In doing so,
this study maps the choices made by each MS as well as the potential impacts of MSs choices in relation to the nine
SOs and the cross-cutting objective. The FSDN conversion study examines the feasibility of expanding the scope
of the current Farm Accountancy Data Network (FADN) with a widening of the data collection on EU farms to include
data on their environmental and social practices aligned with the CAP objectives. In short, taking as a starting point
the analytical framework drafted in the context of the MEF4CAP project, we also distinguish three building blocks
from the sustainability point of view.* Subsequently, the nine SOs of the CAP are allocated to each of these domains
as shown in the table below.

Table 2. Broad domains and SOs

= SO1. Ensuring viable farm incomes

= SO2. Increasing competitiveness

(Productivity)
Economic sustainability
= S03. Strengthening farmers’ position in value

chains
= S08. Jobs growth and rural poverty®
= SO4. Agriculture and climate mitigation
= SO5. Efficient soil management

Environmental sustainability
= SO6. Biodiversity and enhanced ecosystem

services

= SO7. Structural change and generational
renewal

Social and rural sustainability = S08. Jobs growth and rural poverty

= S09. Health, food and anti-microbial
resistance

3 Information on the MEF4CAP project is available at: .
* The analytical framework developed in the context of the MEF4CAP project is available here:

5508 is included under economic sustainability, as well as under social and rural sustainability as proposed in the
framework developed in the context of the MEF4CAP project.
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Source: Tools4CAP 2023

The next step to develop our analytical framework is to focus on each SO and translate it into specific indicators
which permit us to assess the challenges relating to each objective. In particular, the set of indicators used is
consistent with the selection proposed in the MEF4CAP project, although it has been expanded to incorporate
additional result indicators for each SO as defined in European Commission et al. (2023). When selecting the
indicators, the focus was on result indicators. The reason behind this choice is that result indicators can be more
clearly defined than other types of indicators, e.g. impact indicators. Apart from that, result indicators have target
values attached, showing the ambition or results-based target objective achievement. Output indicators are indirectly
included in our framework since usually each result indicator has several underlying output indicators.® The allocation
of Domains/SOs/indicators has been used to create a matrix with the set-up as Table 3. Further details on the
specific indicators that are related to each SO are provided in Table 4, Table 5 and Table 6.

Table 3. Schematic version of the mapping table

S01, SO2, SO3, SO8 S04, SO5, SO7 S07, SO8, SO9

Large-scale tools
Tool 1
Tool 2

Small-scale tools
Tool n

Tool n+1

Source: Tools4CAP 2023

The selection of models included in the table is based on several criteria: (i) well-known models that were mentioned
already in the grant agreement and selected based on the knowledge of the Tools4CAP consortium; and (ii) tools
added or suggested from the inventory delivered by WP1.

In order to go beyond a traditional comparative overview which only pays attention to the technical characteristics
of each model, we also consider which tools have been used directly or indirectly in the preparation, design and
implementation of the CAP. In the case of tools that have not been used so far, we also make a proposal regarding
the different stages of the policy cycle to which they could contribute.

Based on the matrix structure shown in Table 3, we have produced a mapping of models and objectives/indicators.
All of this gives us information on the coverage of each objective/indicator by each tool. Subsequently, we carried
out some gap analysis. This exercise permits us to provide a first assessment of aspects that the existing models
could potentially address, with some efforts and adjustments. At the same time, it also allowed us to identify elements
that cannot be captured/covered in any way by the considered tools, therefore, it permits us to provide several
suggestions with regard to model improvements.

The findings of the consultation and the review of the existing literature undertaken in WP2 have also benefitted
from the focus groups carried out in the context of WP6. More specifically, the discussion held during the focus

6 At MS level (which is the focus of this study), result and output indicators are the main concern, while impact
evaluation is mainly happening at European Commission level. Moreover, impact indicators are not included in this
framework since they are more complex and were not used in this first assessment.

7 In the context of Table 3, ‘Ia, Is,.." refers to specific indicators, e.g. farm income, income volatility etc.
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groups has delivered additional insights on the tools that end-users would like to have or the aspects they are missing
in the available ones.

Before moving onto the outcomes of the literature review and the gap analysis that were carried out for the
preparation of this report, some considerations should be made. First of all, the reader should be aware that
expanding a tool so that it can model ‘everything’ is not necessarily the most appropriate way forward. This is so
since often modellers face trade-offs regarding the level of detail their tools offer and the coverage (or range of
indicators) that the model can deliver. On other occasions, the efforts taken to expand a model result in a complex
tool that is not useful from an operational point of view, e.g. the model takes to much time to solve, it is too labour-
intensive to use.

The reader should note that the boundaries of the capacity of a tool or model are not always precise. In the following
pages the reader will observe that in some cases the selected tools have no capacity in particular areas. However,
a tool when linked to another tool can sometimes answer questions that neither tool could answer in isolation. To
make the point, we refer to some general cases. For example, a commodity market model could interact with a farm
model to translate impacts at sectoral level into impact for specific farm types. Another interest case could a
commodity market model interacting with an environmental model, computing the associated greenhouse gas
emissions (GHG) or ammonia emissions associated to specific market developments in primary agriculture. The
possibilities that model collaboration offers will be further discussed in Chapter 5.

The remainder of this report is structured as follows:
= Chapter 3 elaborates on the modelling needs from an economic point of view.
= Chapter 4 focuses on the modelling needs from an environmental perspective.
= Chapter 5 concentrates on the modelling needs from a social and rural angle.

= Chapter 6 elaborates further on the identified gaps, while elaborating on other approaches/methodologies
that can be used to address the mentioned gaps.

= Chapter 7 provides key concluding remarks and presents the lessons learnt.
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4. Modelling needs from an economic point of view

Achieving economic sustainability is one of the General Objectives (GOs) of the CAP, which translates into four
Specific Objectives (SOs): (i) ensuring viable farm incomes (SO1); (ii) increasing competitiveness (SO2);
(iii) strengthening farmers’ position in value chains (SO3); and (iv) jobs growth and rural poverty (SO8). A shown in
Table 4, 16 indicators have been selected in order to assess progress in terms of the mentioned SO.

Table 4. Economic sustainability needs: Objectives and Indicators

= Farmincome
= Income volatility
1. Ensuring viable farm incomes
= Use of risk management tools
= Redistribution between farm types
= Market shares
= Age of asset
2. Increasing competitiveness (productivity) _
= Technology adoption
= Investment support
= Concentration
= Farmer producer group members
3. Strengthening farmers’ position in value chains = Use of forward pricing of farm output
= Proportion of crop forward sold and price
= Farm output sold as organic

= Hours worked on- and off-farm

8. Jobs growth and rural poverty = Level of educational qualification of farm
employees

Source: Tools4CAP 2023

The extent to which the tools listed in Table 1 Table lare able to (explicitly) represent the indicators shown above is
discussed in the remaining of this chapter.

In general, ensuring viable incomes is the cornerstone for the survival of any sector in the long run. Agricultural
activities are not an exemption to this principle. Historically the CAP has been successfully supporting farm income.
However, the contribution of financial support is quite heterogeneous among sectors and MSs. On average, in 2017
farmers earned under half of what could be gained in other jobs, compared to only a third in 2007 (European
Commission, 2018). Viable incomes are key for promoting a resilient agricultural sector, ensuring long-term food
security, as well as securing the economic sustainability of primary agriculture (European Commission, op. cit.). The
latter also constitutes the basis for employment creation (SO8) and generational renewal (SO7).

Direct financial support, including coupled and decoupled payments for specific sectors, together with Areas of
Natural Constraints (ANC) payments constitute the core instrument to support viable incomes within the CAP (see,
European Commission et al., 2023). As shown in Figure 11 (Appendix 1), other important instruments to support
viable incomes for farmers are the Basic Income Support for Sustainability (BISS — Art.21 to 28), Complementary
Redistributive Income Support for Sustainability (CRISS — Art.29), Coupled Income Support (CIS — Art.32),
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Complementary Income Support for Young Farmers (CISYF — Art.30), Support through Eco-schemes (Art.31) and
support to farms in areas with natural or specific constraints through the EAFRD (ANC — Art.71) also contribute to
viable farm income and resilience.® Key indicators that will be used to assess progress regarding SO1 are R.4
(Linking income support to standards and good practices), R.5 (Risk management), R.6 (Redistribution to smaller
farms), R.7 (Enhancing support to farms in areas with specific needs) and R.8 (Targeting farms in specific sectors).®
In addition, impact indicators such as 1.3 (Reducing farm income variability; corresponding to context indicator C.25),
1.2 (Reducing income disparities; corresponding to context indicator C.26), 1.4 (Supporting viable farm income;
corresponding to context indicator C.27), and 1.5 (Contributing to territorial balance; corresponding to context
indicator C.27) are of relevance when evaluating the impacts of those interventions and instruments included under
SO1.

Figure 1 introduces the outcomes of the mapping exercise of large-scale and small-scale models with respect to
their ability to assess policy measures aiming at ensuring viable farm incomes.

Figure 1. Mapping ensuring viable farm incomes

Models 1. Ensuring Viable Farm Incomes
Use of Risk Redistribution
Farm income Income Volatility = Management between farm
Tools types

Large-scale models
AGMEMOD
CAPRI
GLOBIOM
MAGNET
MITERRA
Small-scale models
Eco-Scheme Farm simulation tool (NL)
FAPRI Ireland Model
Farm-Dyn
FARMIS (DE)
Farm income FADN-based calculation tool (NL)
IMF-CAP
KOBALAMI (NL)
SiTFarm tool (Slovenian typical farm model tool)

Source: Tools4CAP 2023 (red=not modelled, yellow=potentially, green=modelled)
4.1.1. Large-scale modelling tools

With the exception of the CAPRI model, large-scale tools do not include detailed SO1 indicators regarding farm
income and income volatility.1° Nevertheless, some of the selected SO1 indicators that are currently missing in the
case of the AGMEMOD model could be included with the corresponding model extensions.

Farm income

Farm income across sectors, farm types and MSs is not homogenously distributed in the EU. Overall, profits from
agriculture have exhibited a long-term downward trend and are characterized by short-term volatility (European
Parliament, 2015). Focusing on a more recent period, all agricultural sectors registered an increase in income when
comparing the current levels to 2020. The only exceptions to this trend are pigs and poultry, which registered declines
of around 11.3% (European Commission, 2023a). Looking at the EU as a whole, the highest level of incomes per
worker are observed in the north-western part of the EU (Denmark, North-West Germany, the Netherlands and

8 The reader is referred to European Commission et al. (2023) for further details on the instruments and interventions
included in the CAP in the case of SO1.

% The result, impact and context indicators listed in this deliverable are based on the performance monitoring and
evaluation framework (PMEF). See, also: https://agriculture.ec.europa.eu/common-agricultural-policy/cap-
overview/cmef_en.

10 The documentation of the CAPRI model is provided by CAPRI (2022).
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Northern France), while the eastern part (Romania, Slovenia, Croatia and Eastern Poland) exhibited the lowest level
(European Commission, 2023a).

As extensively discussed by European Parliament (2015), there are two alternative approaches to measuring income
in agriculture: (i) aggregate accounting as used by the Economic Accounts for Agriculture (EAA) published by
Eurostat; and (ii) microeconomic accounting as used by FADN. Both approaches have limitations, and the most
suitable source depends on the particular characteristics of the exercise that will be conducted using this data. Farm
income is currently explicitly defined in the CAPRI model for all EU27 MSs. Nevertheless, AGMEMOD and its farm
income module can provide information on this indicator for the Dutch case.!! Similarly, GLOBIOM and MAGNET
could also be extended to report on the level of income.*? Indicators on farm income cannot be derived in the case
of MITERRA since this tool is a biophysical model which needs to be fed with ‘economic’ developments from other
agricultural models.*?

Income volatility

Currently EU agriculture is more closely related to the global market than ever. This can be easily confirmed when
comparing EU prices and their counterparts at international level. The openness of the EU market and the increasing
trade relations with other regions of the world have created new market opportunities while at the same time have
also increased exposure to price volatility. Therefore, increased price volatility coming from the international market
and the increase in uncertainty and domestic risks have resulted in more volatile incomes for EU farmers (European
Commission, 2018a).

The only selected large-scale model that can contribute to the assessment of income volatility is CAPRI. If the farm
income module of AGMEMOD is extended to cover the EU27 as a whole, AGMEMOD could also be a suitable tool
for simulating impacts on income volatility. Since CAPRI and AGMEMOD do not include different farm types, income
volatility could only be assessed at commodity and MS level. In summary, optimising utility (and not expected value)
at farm level capturing risk aversion towards income volatility is currently not implemented in large-scale models.

Use of risk management tools

The use and availability of risk management tools for farmers have been gaining attention over time (Vrolijk et al.,
2009; Ecorys and Wageningen Economic Research, 2017), and they have become crucial in the current context in
which unexpected disease outbreaks, climate change and extreme weather events are imposing additional
uncertainty on the conditions in which agricultural activities take place. Unfortunately, this aspect is not represented
(and cannot be potentially added) to the standard deterministic versions of the large-scale models under
consideration (as in the case with income volatility).

Redistribution between farm types

Large-scale models do not distinguish different farm types, and therefore when they are used on their own cannot
assess any redistribution impacts across farm types. Currently AGMEMOD can help us to assess income distribution
across sectors/activities. This model also has some potential to assess distribution between farm types, provided
that its ‘Farm income’ module is further extended and fine-tuned. Currently, this module, which has been populated
using FADN data, is only operational for the Netherlands. It can be considered as a ‘proof of principle’ that could
guide the development of similar modules for the remaining AGMEMOD countries.

4.1.2. Small-scale modelling tools

Farm-income indicators are included in 7 out of 8 small-scale tools, while only half of the tools are able to provide
information regarding the redistribution between farm types. The representation of the use of risk management tools
seems to be limited in the selected models, although technically farm models could be extended to cover this
relatively easily.

" Further details on the AGMEMOD model are available at:

2 Further information on GLOBIOM is available at: . Further details on the
MAGNET model are available at:

3 Additional information on MITERRA-Europe is available at:
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Farm income

Broadly speaking, there is consensus regarding the importance of adopting a farm-household-level perspective
when designing new policies that have the potential of affecting agricultural income. This is so given the
heterogeneity of farms/farm households that can be observed across the EU (Hill, 2019; Finger and EI Benni, 2021).
In other words, the diversity of farms within the EU leads to different responses to support actions, e.g. direct
payments, and other policy interventions (see, also, Gocht and Britz, 2011).

As shown in Figure 1, with the exception of the eco-scheme simulation tool, all the small-scale models that have
been included in this review are currently delivering indicators on the level of farm income. The number of farm types
for which this indicator could be provided varies across models, e.g. while 164 typical farm types are included in the
case of the SiTFarm Tool, all FADN farms are included in IFM-CAP.** In the case of KOBALAMI, which is set up
around 8 sub-sectors, the results for each sub-sector of the Dutch agro-complex could be downscaled at farm level
for a stylised representation.

Income volatility

As already discussed, income volatility is also increasing at farm level (Finger and El Benni, 2021), with both policies
and farm entities becoming more complex. At individual level, income volatility creates additional uncertainty and
difficulty to manage cashflows and plan financial decisions such as modernisation investments. As confirmed by van
Asseldonk and van der Meer (2016), apart from production-related risks such as weather perils, instability of
agricultural markets and fluctuations of the prices received by farmers are the main factor causing instability in
income at farm level. Focusing on the Dutch case, van Asseldonk and van der Meer (op. cit.) find that around 50%
of Dutch arable farmers cultivating potatoes have some kind of price contract to manage potential risks, while outside
arable farming price contracts are barely used.

In addition to maximizing expected value (i.e., farm income), utility can also be maximised. For example, an option
in IFM-CAP is to assume that farmers maximize expected utility based on a constant absolute risk-aversion
specification (Britz et al., 2021). Moreover, the fully dynamic FARMDYN version can be extended to a stochastic
dynamic model, combined with different risk behavioural models (e.g., Minimization of Total Absolute Deviations
(MOTAD) and value at risk).*> Moreover, FARMIS can be also used to assess income volatility in the case of those
German farms that are included in FADN.!®

Use of risk management tools

The merit of adding any risky prospect into an existing farm business cannot be assessed without considering the
potential impact on the risk-efficiency of net returns from the whole portfolio of farm-specific risky prospects. This is
true whether the added prospect is in the form of a new production activity, or a new risk management instrument.
And, in making an evaluation, it is necessary to take account of the stochastic dependencies, such as the correlations
between the new activity and the existing ones. In summary, those farm-level models that are able to optimise utility
can include risk management tools (being on-farm activities like crop diversification or risk transfer options like crop
insurance).

Coming back to the present choice of models (Figure 1), FARMDYN and IFM-CAP are already providing specific
indicators regarding the use of risk management tools at farm-level. With some extensions/modifications of the
current version, the SiTFarm tool can also assess progress regarding the use of risk management tools by Slovenian
farms.

Redistribution between farm types

An important item in the 2023-27 CAP agenda is to ensure a sustainable future for farmers, providing more targeted
support to smaller farms.” However, the distribution and inequality of direct CAP support have been a controversial
element for many years. To make the point, we refer to Garcia-Bernardo et al. (2021) who report that around 20%

“  Further information on IFM-CAP is available at:
> Additional information on the FARMDYN model is available at:
6 Further details on the FARMIS model are available at:

7 See, also:
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of EU farmers benefit from 80% of all CAP support (see also Viegas et al. (2023) for further discussion and empirical
analysis in the case of Portugal).

For an EU-wide analysis, models such as FARMDYN, and IFM-CAP could make a contribution when assessing
redistribution across farm types. From a more local perspective, FARMIS and the Farm income FADN-based
calculation tool are suitable for assessing the impacts of financial support on redistribution between farm types in
the case of Germany and the Netherlands respectively.

In the case of KOBALAMI, redistribution can only be assessed between Dutch agro-complexes since the model
does not include any representation of farm types.

4.2.Increasing competitiveness

Improving productivity while remain environmental sustainable is one of the key challenges that EU agriculture needs
to deal with in the coming years. The context in which the sector will need to overcome this challenge is also complex
and marked by several threats, i.e. climate change, water scarcity, more frequent extreme weather events, soil
degradation, etc. The market developments on the demand side, i.e. increasing demand for food and industrial uses,
will also impose further pressure on farming activities. Hence, increasing market orientation and improving
competitiveness at farm level are key, highlighting the importance of digitalisation, adoption of new technologies, as
well as additional research efforts (European Commission, 2019a).

In order to increase market orientation and competitiveness (see, Figure 12, Appendix 1), the 2023-27 CAP
considers several interventions including Sectoral interventions (Art. 42), Investment support (Art. 73-74),
Cooperation support (Art. 77), Support for knowledge, advisory and training (Art. 78), as well as Coupled Income
Support. As highlighted in European Commission et al. (2023), overall the progress achieved with regard to SO2
could be measured by means of the following result indicators: R.8 (Targeting farms in specific sectors), R.9 (Farm
modernisation), R.10 (Better supply chain organisation) and R.3 (Digitalising Agriculture). Furthermore, when
assessing the impact of the interventions regarding increasing competitiveness, two impact indicators seem to be
relevant: 1.6 (Increasing farm productivity; corresponding to context indicators C.29 and C.30) and 1.1 (Sharing
knowledge and innovation).

Figure 2 presents the outcomes of the mapping exercise regarding increasing competitiveness (SO2), in which the
impact indicators reported in European Commission et al. (2023) have been translated into more specific indicators
which are most relevant and easier to measure.

Figure 2. Mapping increasing competitiveness

Models 2. Increasing Competitiveness (Productivity)

Technology Investment

Market shares Age of Asset X
Adoption support

Large-scale models
AGMEMOD
CAPRI
GLOBIOM
MAGNET
MITERRA
Small-scale models
Eco-Scheme Farm simulation tool (NL)
FAPRI Ireland Model
Farm-Dyn
FARMIS (DE)
Farm income FADN-based calculation tool (NL)
IMF-CAP
KOBALAMI (NL)
SiTFarm tool (Slovenian typical farm model tool)

Source: Tools4CAP 2023 (red=not modelled, yellow=potentially, green=modelled)
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4.2.1. Large-scale modelling tools

Overall, large-scale modelling tools are well-equipped to calculate market shares by type of agricultural commodity
and MS. However, the explicit representation of the adoption process of different technologies, the age of key farm
assets, as well as the allocation of investment support still remains a challenge.

Market shares

Having a good understanding of trade relations within the EU and with third parties is key in order to assess the
competitive position of EU agriculture within the global food chain. This type of analysis can also provide us with the
basis to identify potential threats and vulnerabilities of the EU agri-food sector. As reported by European Commission
(2023b), the EU’s total agri-food trade is well diversified and relies on numerous trade partners. However, some
dependency is identified for certain products, e.g. in 2022 Ukraine and Brazil represented 36% and 18% of EU
cereals imports.

Market shares by commodity and MS can be calculated using the standard versions of AGMEMOD, GLOBIOM and
MAGNET. More specifically, the number of agricultural commaodities for which market shares can be reported is 37
in the case of GLOBIOM and almost 50 in the case of AGMEMOD. When analysing trade flows at international level
and searching for bilateral-flows information, the most detailed analysis can be carried out with the MAGNET model,
which incorporates Armington elasticities and takes into account quality differentiation and the existence of
heterogenous goods.

Age of asset

This aspect is not represented (and cannot be potentially added) to the standard versions of the large-scale models
under consideration. This is so since a very detailed representation of technology at farm level would be required in
order to represent this aspect.

Technology adoption

At the time of writing this report, only the GLOBIOM model can deliver indicators on the rate of adoption of different
technologies. In terms of the representation of alternative technologies, GLOBIOM includes spatially explicit Leontief
production systems for various management systems, as well as spatially explicit emission factors for the different
production systems to account for emissions to air, water and soil.

Moreover, with additional time and resources, the CAPRI model has the potential to be extended in order to provide
information regarding technology adoption within primary agriculture. A first step when implementing this extension
would be the definition of sector specific technologies for each commodity.

Investment support

Investment support indicators are not currently included in the large-scale models that have been included in this
review. With the exception of the AGMEMOD, indicators to account for this type of financial support could be added
if the models are extended. In the case of AGMEMOD such as extension does not seem feasible for a couple of
reasons. Firstly, the representation of the technology used in the primary sector within the model is not detailed
enough. Secondly, the representation of production factors only covers land. AGMEMOD is a partial-equilibrium tool
which does not include specific variables for the representation of production factors as a labour and capital assets.

4.2.2. Small-scale modelling tools

Most small-scale modelling tools cannot compute market shares. However, some of them are currently including a
good representation of technology and related aspects such as adoption rates, age of the asset, as well as the
financial allocation to investment support. Overall, when comparing large-scale modelling tools with their small-scale
counterparts, we can observe that there is some room for cooperation between models since what is not represented
by the former is covered by the latter.

Market shares

Only the FARMIS model can provide market shares in the case of Germany. Its trade representation includes quotas,
land and young animals among farms. The remaining small-scale tools that have been considered in this review
failed to provide information regarding this item.
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Age of asset

As in the case of any other type of business, the use of modern and more efficient assets could improve the
competitive position of a farm. From a policy-making perspective, when designing a financial instrument to support
the adoption of new technologies or the modernization of the existing installations, it is important to have a good
understanding of the actual age of the assets that could be affected by this measure. This could help policy-makers
to have a better understanding of the size/number of installations that could potentially be affected by the measure.
Subsequently, this type of information could also contribute to allocate a sufficient amount of financial resources.
For an illustration, let us assume that policy-makers are dealing with the design of a ‘buy-out’ scheme that aims at
facilitating the exit of those farmers whose stables are not complying with certain standards. Hence, knowing the
age of the existing stables (and related characteristics) could help to properly design the intervention.

Within the present selection of models, only FARMDYN and the Farm income FADN-based calculation tool could
report indicators related to the age of key farm assets, for the EU and the Netherlands respectively. As its name
indicates, the FADN-based calculation tool relies on FADN data. By using flexible selection criteria (e.g. farm sizes,
modernity of assets, farmer age, year), taking into account some ‘policy interferences’, as well as changes in specific
revenues (e.g. direct payments) and cost items, the tool can calculate the derived impacts on farm income. There is
a possibility to relate farm investments (or changes therein) to a change in farm ‘modernity’, as captured by the
average age of a farm assets.

Technology adoption

Digitalisation and precision farming are currently at the heart of most strategies to increase the competitiveness,
sustainability and resilience of EU agriculture — their potential is huge. More specifically, as stated by European
Parliament (2017), precision agriculture methods could lead to a 20-30% decrease in pesticide use and a 50-80%
reduction in the area where pesticides are applied. However, as reported by a recent survey, farmers indicate that
financial support and clear adoption policies are key to incorporating digital technologies into their farms (Vodafone,
2022). Hence, is important to have a good representation of different technologies and the factors that facilitate their
adoption in order to assess the potential impacts of those policies aiming at encouraging and speeding up the
digitalisation process.

Drawing attention to the selection of tools, half of the small-scale models that have been considered are currently
including several technologies, and therefore, can help us to assess the adoption rates of various technologies. This
set of models includes FARMDYN, FARMIS, IFM-CAP and SiTFarm.

Investment support

Investment support to farms is the ‘traditional vehicle’ that has been used within the CAP to encourage farm
modernisation and stimulate productivity increases. As indicated by Nilsson and Wixe (2022), the impact of CAP
subsidies on agricultural production, farm income and productivity has often been under examination by the existing
literature. However, the outcomes of these assessments are not homogenous, and highly dependent on the
methodological approach used for representing these subsidies. These authors also provide some empirical
evidence in the case of Sweden. By using Coarsened Exact Matching and dynamic panel fixed-effects estimations,
they conclude that there is a positive and significant long-term improvement of farm performance with regard to
productivity and turnover as a result of investment support measures. However, most short-term effects of the
subsidy are found to be insignificant due to the presence of a time lag between investments and their observable
effects.

Currently, financial allocations to investment support and their impact can be assessed by means of FARMDYN and
KOBALAMI. Drawing attention to KOBALAMI, its cost-benefit analysis structure is well-equipped to explore the
financial consequences of any investments in the case of the Netherlands. The standard version of the model is fully
flexible for incorporating the monetary costs of policies and interventions included in the Dutch policy agenda, while
the benefits of the mentioned investment support would be incorporated in a scenario setting by updating the input-
output coefficients of the model, as well as the yield developments for the relevant sectors.
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4.3. Strengthening farmers’ position in value chains

The position of the farmers in the supply chain is an important item in the EU agricultural policy agenda. High
concentration of retailers and processors could corner farmers, leaving them with weaker bargaining power against
other actors of the food chain. At the same time, farmers need to accommodate quickly to the new and changing
consumer demands that retailers and processors pass onto them. Against this background, the CAP 2023-2027
aims at ‘strengthening cooperation among farmers, enhancing synergies within value chains, supporting the
development of market driven production models, fostering research and innovation, increasing market transparency
and ensuring effective mechanisms against Unfair Trading Practices (UTPs) (European Commission, 2019b).

For the programming period 2023-27, the CAP includes several types of interventions such as Sectoral interventions
(Art. 42), Cooperation Support (Art. 77), AECM — Support to Organic Farming (Art. 70), Eco-schemes — Support to
Organic Farming (Art 31) and Support for knowledge, advisory and training (Art. 78). The progress achieved in terms
of improving farmers’ position in the supply chain will be monitored by means of two results indicators: R.10 (Better
Supply Chain Organisation) and R.11 (Concentration of supply). The impact indicator that will help to evaluate the
achieved effects is 1.29 (Responding to consumer demand for quality food; corresponding context indicators C.33,
C.34, C.35).

Focusing on strengthening farmers’ position in value chains (SO3), the outcomes of the mapping exercise are shown
in Figure 3.

Figure 3. Mapping strengthening farmers’ position in value chains

Models 3. Strengthening Farmers’ Position in Value Chains

Use of Forward Proportion of
Farmer Producer P

Farm output sold
Concentration Pricing of farm  crop forward sold P )
Group Members . as organic
output and price

Large-scale models
AGMEMOD
CAPRI
GLOBIOM
MAGNET
MITERRA
Small-scale models
Eco-Scheme Farm simulation tool (NL)
FAPRI Ireland Model
Farm-Dyn
FARMIS (DE)
Farm income FADN-based calculation tool (NL)
IMF-CAP
KOBALAMI (NL)
SiTFarm tool (Slovenian typical farm model tool)

Source: Tools4CAP 2023 (red=not modelled, yellow=potentially, green=modelled)
4.3.1. Large-scale modelling tools

The selected large-scale models do not currently capture the selected indicators to assess progress regarding
farmers’ position in the supply chain. The representation of organic farming within the existing tools could be the first
step to make some progress to deal with the lack of tools that permit to assess the impact of measures aiming at
strengthening the position of farmers.

Concentration
Indicators related to concentration cannot be provided by the selected large-scale models.
Farm producer group member

Indicators to report on farm producer group membership are currently excluded from the standard output delivered
by the large-scale models under consideration.
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Use of forward pricing of farm output

The MAGNET model is the only large-scale tool that could potentially provide an indicator for the use of forward
pricing of farm output. Nevertheless, the current version of the model would need to be extended to capture this at
commodity level.

Proportion of crop forward sold and price

MAGNET is the only large-scale model that could potentially deliver indicators on the proportion of crop forward sold
and its price. Nevertheless, the current version of the model would need to be extended to compute these indicators
at crop level.

Farm output sold as organic

CAPRI, AGMEMOD and GLOBIOM could potentially deliver indicators regarding volume/share of farm output sold
as organic if the current versions of the models get extended.*® Given the characteristics of these models, it could
be the case that these extensions would focus on split farm output by commodity into two categories, i.e. farm output
related to conventional production techniques versus farm output related to organic farming.

CAPRI had been applied on several occasions to reflect the EU Farm to Fork objective of increasing the organic
share to 25% in the next years, e.g. Henning and Witzke (2021). These studies so far only translated the assumed
increase in the share of organic agriculture into changed technical coefficients for the average technology in the
regions. Since 2022 JRC supported modelling activities tried to proceed to a full split of the database by organic and
conventional production systems. Due to the difficulties in achieving a full coverage across all activities and MSs,
this split will be achieved in a prototype version only by the end of 2024. However it should be noted that a separation
of organic from conventional production systems is only a first step and that ultimately also a split of market balance
data including bilateral trade flows would be required. Given the data challenges in these efforts it may be anticipated
that any modelling activities targeting organic markets will be either selective (focussing on products and regions
with good data) or partly ad hoc to overcome existing data gaps.

In the case of AGMEMOD, (Bremmer et al., 2021) present a modelling exercise in which the achievement of the
Farm-to-Fork Strategy regarding the target related to area under organic cultivation. In this case, the full split
between conventional and organic production was not implemented. Alternatively, the potential impacts of adjusted
(lower) yields and (higher) prices were explored in a scenario looking at the period 2020-2030.

4.3.2. Small-scale modelling tools

When assessing progress regarding farmers’ position in the supply chain, currently only 2 of the selected small-
scale models are able to report on indicators to measure farm output sold as organic. Similarly, as in the case of
large-scale models, indicators related to concentration and farm producer group membership are completely missing
from the selected tools.

Concentration

Indicators related to concentration cannot be provided by any of the small-scale models under consideration.
Farm producer group member

Indicators related to farm producer group membership are not delivered by the selected small-scale models.
Use of forward pricing of farm output

Indicators regarding the use of forward pricing of farm output are also an important gap when looking at the selected
tools. Although the current versions of the tools under consideration do not explicitly provide information on this
indicator, there is room for extending FARMDYN, FARMIS and IFM-CAP to capture it.

Proportion of crop forward sold and price

Similarly, as in the case of the previous indicator, only three of the selected tools could potentially deliver information
on the proportion of crop forward sold and its price. More specifically, the tools that have the potential to be extended
in this regard are FARMDYN, FARMIS, IMF-CAP.

'8 These extensions are being done in the context of the Horizon Europe ‘BrightSpace” and ‘LAMASUS’ projects.
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Farm output sold as organic

As reported by European Commission (2023c), over the period 2010-2020, production and consumption of organic
food have been increasing. In 2020, the area under organic cultivation accounted for 9.1% of all EU agricultural land,
reaching almost 20% of the area under organic farming at the global level. In contrast, EU organic animal production
only represents between 1-7% of total EU animal production. As shown in

Figure 3, FARMIS and IFM-CAP are currently including indicators on farm output sold as organic. While the former
can deliver this indicator in the case of German farms, the latter could provide information covering the EU27. More
specifically, FARMIS distinguishes 100 farm groups representing organic farming (out of a total 601 farm group
models). Thinking of potential data sources that could be used when extending other models such as FARMDYN,
Farm income FADN-based simulation tool and SiTFarm, the Farm Accountancy Data Network is the starting point.

Boosting employment, including participation of women in farming activities, is directly addressed by SO8. Promoting
social inclusion and growth in rural areas is also paramount given the economic and social circumstances of rural
areas in Europe. More specifically, rural areas represent around 13% of total gross value added in the EU. In rural
regions, the activities of the primary sector generate around 4.2% of the gross value added and 13% of employment
(European Commission, 2019c). Overall, poverty risk is higher in these areas, becoming a problem of bigger
importance in the case of areas that are far away from urban poles (European Commission, op cit.). As highlighted
by World Bank (2018), the CAP has made an important contribution to curb unemployment and poverty in rural
areas.

The 2023-27 CAP provides: Investment support (Art. 73-74), Installation aid (Art. 75), Cooperation support (Art. 77),
Support for knowledge, advisory and training (Art. 78) and Sectoral interventions (Art. 42). In addition, other types
of instruments such as payment entitlement reserve for young farmers and women (Art. 26) are included in the case
of SO8 (see, Figure 18, Appendix 1). At MS level, the progress achieved in terms of this SO will rely on results
indicators such as R.37 (Growth and jobs in rural areas), R.38 (LEADER coverage), R39 (Developing the rural
economy), R.40 (Smart transition of the rural economy), R.41 (Connecting rural Europe) and R.42 (Promoting social
inclusion). Relevant impact and context indicators in case of SO8 are 1.24 (contributing to jobs in rural areas;
corresponding to context indicator C.06, C.07 and C.08).

At a glance, the outcomes of the mapping exercise in terms of jobs growth and rural poverty (SO8) are presented in
Figure 4.Non-farm income which is relevant for SO8 is discussed later in Chapter 4.

Figure 4. Jobs growth and rural poverty

Models 8. Jobs growth and rural poverty

Level of
Hours worked on Educational
and off-farm Qualification of
Farm Employees

Large-scale models
AGMEMOD
CAPRI
GLOBIOM
MAGNET
MITERRA
Small-scale models
Eco-Scheme Farm simulation tool (NL)
FAPRI Ireland Model
Farm-Dyn
FARMIS (DE)
Farm income FADN-based calculation tool (NL)
IMF-CAP
KOBALAMI (NL)
SiTFarm tool (Slovenian typical farm model tool)

Source: Tools4CAP 2023 (red=not modelled, yellow=potentially, green=modelled)
4.4.1. Large-scale modelling tools

Large-scale models are currently not well-equipped to deliver indicators on job growth and rural poverty. As shown
in Figure 4, the selected models cannot provide modelling results regarding non-farm income, level of educational
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qualification of farm employees and the number of hours worked on and off-farm. Nevertheless, CAPRI could
potentially provide information on hours worked on farm by family labour or hired labour. This feature is being
developed also in GLOBIOM. Computable general equilibrium (CGE) models like MAGNET also cover labour
markets and often assume segmented labour markets to reflect mobility barriers, but of course these applications
require a relatively high aggregation level.

4.4.2. Small-scale modelling tools

Important gaps are observed when looking at the representation of indicators regarding job growth and rural poverty
by means of small-scale tools. Nevertheless, these tools seem to be better fit than their large-scale counterparts,
and some of them are already delivering outcomes regarding hours worked on and off-farm.

Hours-worked on and off-farm

The question of how many people currently work in EU agriculture is not as straightforward at it might look at first
glance. Several factors explain this (European Commission, 2013): (i) family farms in which family members
contribute in a different way depending on the year are the most common type of structure; (ii) agriculture is a part-
time activity for many farmers and farm workers; and (iii) during seasonal labour peaks a large number of workers
get employed for short period of time. All these result in statistical discrepancies when comparing different sources,
requiring some standardisation, for example when populating an EU-wide tool. Alternatively, using FADN data which
is collected with a consistent methodology at MS level is recommended. Focusing on the tools, some small-scale
modelling tools are currently providing information regarding the number of hours-worked on and off-farm. This is
the case for FARMDYN, the Farm income FADN-based calculation tool and the SiTFarm tool. With the relevant
extensions, IFM-CAP could potentially also include these indicators.

Level of Educational Qualification of Farm Employees

The only tool that is currently including the level of educational qualification of farm employees is the Farm income
FADN-based calculation tool which has been developed for the Netherlands. This type of indicator is not covered
by the remaining selected tools and cannot be potentially added.

With respect to the representation of key aspects related to the modelling of the economic sustainability domain
(Sections 2.1-2.4), the present analysis has identified the following gaps:

= Small-scale tools are in general well-suited to deliver indicators regarding farm income, while CAPRI is the
only large-scale tool that captures this. The use of risk management tools is an important aspect currently
excluded from most tools. Also concentration and non-farm income are indicators that the selected tools
(regardless of scale) failed to cover.

= Drawing attention to competitiveness, the calculation of market shares seems to be reasonable well-
covered by large-scale models. In contrast, this type of tools fails at capturing investment support, which is
only covered by two of the selected small-scale models.

= Indicators that allow us to capture the farmers’ position in the supply chain are an important challenge for
the selected set of tools. For example, when looking at the representation of farm output sold as organic,
only two models are currently able to deliver this type of information, i.e. FARMIS and IFM-CAP.

=  Economic aspects which are also closely related to social sustainability seem to be not captured by the
selected tools in most of the cases. Only some small-scale models are already including indicators on hours
worked on and off-farm, i.e. FARMDYN, Farm Income FADN-based calculation tool and SiTFarm tool.

= Those aspects that are not addressed in the case of large-scale tools but properly represented in the case
of small-scale tools (and vice versa) create room for potential modelling linkages, e.g. FARMDYN could be
linked with AGMEMOD for creating a modelling system that goes from meso to farm level.
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5. Modelling needs from an environmental perspective

As Table 5 is showing, with respect to the GO of environmental sustainability there are three SOs, notably climate,
soil management, and biodiversity and the enhancement of ecosystem services. To assess the need for policy
makers, a selection of relevant key indicators has been made for each of the SOs, resulting in 25 key indicators.
With respect to the climate theme, indicators with respect to GHG emissions (either per ha, farm, or unit of output)
are relevant, as well as indicators on ammonia emissions and renewable energy. For soil management there are
several indicators, of which some relate to the nutrient flows with respect to the soil (e.g. organic and chemical
fertilizer applications) and associated efficiency issues therein, while others focus on the way in which the soil is
used (e.g. specific farming practices, including organic agriculture, crop rotation, cover crop use, pesticide use, the

use of farm machinery, including precision farming).

Table 5. Environmental sustainability needs: Objectives and indicators

4. Agriculture and climate mitigation

5. Efficient soil management

6. Biodiversity and enhanced ecosystem services

Farm GHGs

GHGs per ha

Carbon sequestration

Ammonia emissions per farm

Farm ammonia per ha

Renewable energy per farm

N Balance

P Balance

N Use efficiency

P Use efficiency

Crop rotation

Soil cover

Tillage

Management practices against erosion
Pesticide use

Usage of precision farming techniques
Investments related to climate
Contribution of organic agriculture
Farmland bird index

Grassland butterflies index

Farm landscape features and their loss
Presence of high nature value farming
Adoption of biocontrols

Pollinators
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= Farmer participation in agri-environmental
schemes

Source: Tools4CAP 2023

The results from the mapping exercise, in which the models were mapped with their ability to address the indicators
as these were mentioned above (see Table 5), are provided in Figure 5 to Figure 7Table 5. Overall, the results show
that biodiversity aspects are very poorly captured by the selected tools. In contrast, most of the selected tools are
currently providing GHG emission indicators, although the representation of ammonia emissions per hectare is still
an outstanding task for several tools. A more extensive discussion is provided in the coming sections, relating
individual tools with Specific Objectives and indicators assessing environmental sustainability.

5.1.Agriculture and climate mitigation

Contributing to climate change mitigation, adaptation and sustainable energy production (SO4) are key elements of
the new CAP strategy, since the potential role that farming activities could play is considerable. More specifically, in
2016, around 12 % of all EU greenhouse gas (GHG) emissions could be attributed to agriculture, including land use
and land use change of grassland and cropland (European Commission, 2019d). When looking at the contribution
to total EU emissions, important differences in terms of volume and source of emissions appear across MSs. This
heterogeneity is also translated into the policy measures at national level. Overall, climate measures should be
designed in such a way that there is no conflict with the long-term goal of ensuring food security.

As shown in Figure 15 (Appendix 1), the analytical framework identifies the types of instruments that are relevant to
consider as they potentially contribute positively to SO4 (climate change). Specific aspects are climate change
mitigation, climate change adaptation, the promotion of sustainable energy and sustainable forestry. The new CAP
Regulation 2115/2021 provides a set of instruments to address the climate challenges, among which Farm advisory
support (Article 15), Eco-schemes (Article 31), Coupled income support for sustainability (Article 33), Sectoral
interventions (Article 46), AECM and others (Article 70), Cooperation support (Article 77), Knowledge exchange &
dissemination of information (Article 78). The core results indicators are Reducing emissions in the livestock sector
(R13), Carbon storage in soils and biomass (R14), Investments related to climate (R16), Adaptation to climate
change (R12), Renewable energy form agriculture, forestry and from other renewable resources (R15), and
Supporting sustainable forest management (R30).

Focusing on climate mitigation (SO4), the outcomes of the mapping exercise are shown in Figure 5.

Figure 5. Mapping agriculture and climate mitigation

Models 4. Agriculture and Climate Mitigation
Carbon Ammonia Farm ammonia Renewable
Farm GHGs GHGs per ha emissions per

Sequestration per ha Energy per farm

farm

Large-scale models
AGMEMOD
CAPRI
GLOBIOM
MAGNET
MITERRA
Small-scale models
Eco-Scheme Farm simulation tool (NL)
FAPRI Ireland Model
Farm-Dyn
FARMIS (DE)
Farm income FADN-based calculation tool (NL)
IMF-CAP
KOBALAMI (NL)
SiTFarm tool (Slovenian typical farm model tool)

Source: Tools4CAP 2023 (red=not modelled, yellow=potentially, green=modelled)
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5.1.1. Large-scale modelling tools

GHG (farm level and per ha)

As Figure 5 shows, the large scale models in general model the GHG emissions on a per ha (or animal) or aggregate
farm-level basis. There are differences with respect to the refinement with which GHG emissions are modelled. Most
models follow Tier 1 approach, but some go for a more refined approach.® The CAPRI model is probably the large
scale model that contains the most developed GHG-modelling. Via various ECAMPA projects (van Doorslaer et al.,
2015; Pérez Dominguez et al., 2016, 2020) JRC-IPTS has worked on CAPRI to endogenize mitigation choices,
extending the set of technological GHG mitigation options, improving its emission accounting (including the
modelling of leakage effects), and on the validation of results (especially for the LULUCF sectors). GLOBIOM allows
for a full account of all agriculture and forestry GHG sources, including above and below ground biomass CO:2
emissions from biomass following land use changes, and COz emissions from soil carbon. Emissions inventories are
based on IPCC accounting guidelines. Likewise CAPRI GLOBIOM endogenously represents three major mitigation
mechanisms in the agricultural sector (technological mitigation options, structural changes such as switches in
production systems (tillage, fertilizer, water management etc.), and feedback on the demand side through
consumers’ response to price changes) (Frank et al., 2020). Also MITERRA, which originally includes a deterministic
and static nitrogen balance.

Cycle model, includes a carbon module, models GHG emissions form agriculture and which calculates changes in
soil organic carbon (also using the standard IPCC accounting approach). MAGNET is a CGE model, focusing on
sectors, and as such it has a representation of the GHG emissions per hectare, but not per farm. MAGNET calculates
absolute non-CO2 GHG emissions resulting from agricultural production with emission intensities (emissions per unit
of production) being determined through model-specific emission factors (Perez-Dominguez et al.,, 2021).
AGMEMOD does not contain GHG emissions yet, but a module is currently being developed. Moreover, the
AGMEMOD model has been used together with the MITERRA model, where the latter model provides the GHG
(and other nutrient) emissions, that are coherent with the economic and market optimum as simulated by AGMEMOD
(e.g. EU SUPREMA project). This then provides GHG emissions at NUTS 2 level (from which regional GHG
emissions per hectare and also per ‘average farm’ can be derived).

Carbon sequestration

Carbon stock (in soil) measurement, or carbon sequestration is included in MITERRA, CAPRI and GLOGIOM, but
not in MAGNET nor AGMEMOD. For the EU, CAPRI and GLOBIOM explicitly cover agricultural carbon sequestration
options (see Frank et al., 2015; Frank et al., 2016, and the discussion above).

Ammonia (farm level and per ha)

The CAPRI model had nitrogen and phosphorous balances for many years since this had been a particularly hot
topic at the end of the 90s and the nitrogen balance was a key linkage of crop and animal sectors. Gaseous
emissions of nitrogen as ammonia (and less important also NOx) are critical elements of this nitrogen balance. A
joint project on Ammonia emissions also involving MITERRA helped in 2007 to identify the leaching fractions of the
surplus at soil level. Linkages to the IIASA RAINS model (the precursor of the GAINS model) helped to assess the
PM implications of agricultural ammonia emissions and they are also the early origin of ammonia mitigation
technologies covered in CAPRI that have been updated on some occasions since 2007.

MITERRA is the large-scale model with the strongest focus on the nitrogen cycle out of the set considered for this
study, that models the nitrogen cycle. The model can be used to assess the effects of the implementation of ammonia
(NHs) and nitrate (NOs) measures and policies on the emissions of NHzs, (nitrous oxide) N2O, N oxides (NOx),
leaching of N (including nitrate) to ground water and surface waters on both EU-27 level, country level, and regional
(NUTS 2) level. As such, this tool that can be helpful for assessing and fine-tuning different N policies, although the
tool on its own excludes the explanation of farmer behaviour (e.g. their reaction to incentives and regulations). The
model has a deterministic and static nature. Alongside nitrate, its strength is that it also models the phosphorus (P)
balance and some other nutrients (Velthof et al., 2007).

' For the precise definition of Tier 1 and Tier 2 approaches, the reader is referred to ‘IPCC Good Practice Guidance and
Uncertainty Management in National Greenhouse Gas Inventories’. Available at:
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Renewable energy

No large-scale model addresses the use of renewable energy, although some models at least deliver some
information to be used as input in some post-calculations to assess progress in terms of renewable energy usage.
However, the large scale model deliver or can deliver information with respect to (parts of) the supply or production
of renewable energy by agriculture.

Following Elbersen et al. (2012), renewable energy is here defined in a comprehensive way as energy derived from
natural resources which are renewable (being naturally replenished, e.g. sunlight, wind, rain, tides, geothermal heat,
biomass) and includes, amongst others, the production of energy crops by agriculture. The CAPRI model has a
detailed (post-model) energy use module, but this focuses more on energy use that on renewable energy sources
(CAPRI, 2022). MITERRA has been used for an on-farm renewable energy assessment, where the model was used
to assess the GHG savings related to energy crops and biogas (MITERRA includes a (co)-digestion sustainability
tool). The model, however, was not able to address the GHG savings role of solar, wind and geothermal energy and
energy from solid biomass (Elbersen et al., 2012).

MAGNET, CAPRI, and GLOBIOM all cover dedicated energy crops in their modelling because this is a relevant
component of land demand that cannot be neglected if significant shares of utilised agricultural area (UAA) are
possibly used for these energy crops and hence reduce available land for food crops. However, it is also fair to state
that this coverage is to some extent partial. MAGNET has focussed on herbaceous lignocellulosic crops like
switchgrass, while the focus in GLOBIOM is on woody lignocellulosic ‘crops’ like poplar or willow represented by
energy crop plantations in the modelling. CAPRI does not explicitly identify the type of energy crops but instead only
acknowledges the area use relying on exogenous inputs for these areas (typically coming from some energy model
like PRIMES).

5.1.2. Small-scale modelling tools

GHG (farm level and per ha)

As regards the considered small-scale modelling tools, 5 out of 8 model GHGs per farm and per hectare. Except for
FAPRI-Ireland (which has a sectoral nature), all these models have a detailed representation of farms and their
activities.?® Aside from economic information, as such they include extensive agronomic information, often at farm
production activity level. FARMDYN is probably the most-extensive model in this regard, although it still lacks full
EU coverage. Models not taking into account GHG per farm or area emission accounting are the Eco-scheme Farm
simulation tool (which focuses on one particular policy instrument), FARMIS (which focuses on farm economics) and
KOBALAMI (focusing on the valuation of GHG emissions at national level).

Carbon sequestration

Carbon sequestration is only dealt with in the FARMDYN small-scale model. The model considers different farm
management options to increase supply of carbon and net carbon storage per hectare, especially for arable farming.
KOBALAMI puts a financial value to carbon sequestration, using national carbon sequestration volumes and carbon
prices as inputs.

Ammonia (farm level and per ha)

As Figure 5 shows, ammonia emissions are modelled by the FAPRI-Ireland model, FARMDYN and KOBALAMI. The
FARMDYN model uses the same methodological approach as what is used for national emission commitments
(observation based on the Dutch case). The FAPRI-Ireland model includes a marginal abatement cost module for
ammonia (as it does for GHG) emissions, which implies that except for modelling ammonia emissions, also the
impact of various farm management actions with respect to their impact on ammonia emissions and the costs of
such actions (measured in euro/ton NH3s) are modelled (Richards et al., 2018). KOBALAMI has some potential to
include ammonia emissions. However, though KOBALAMI can put a monetary value of the ammonia-externality, it
usually gets the ammonia level (at national level) as an input from an environmental model (e.g. MITERRA).

20 Additional information on FAPRI-Ireland is available at:
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Renewable energy

With relevant extensions, FARMDYN is the only model which could potentially deliver indicators on the adoption
and diffusion of on-farm renewable energy.

The contribution of EU soils to the achievement of environmental sustainability goals is crucial, since EU agricultural
soils contain around 14 billion tonnes of carbon in the topsoil. This corresponds to 51 billion tonnes of CO:2
equivalents, while the volume of GHG emissions (per annum) by EU MSs is around 4.4 billion tonnes (European
Commission, 2018b).

To contribute towards the attainment of the SO of sustainable management of natural resources (SO5), selected
mapped indicators focussed on soil management, including reduced dependence on the use of agricultural
chemicals and expansion of organic farming (Figure 6). With respect to nutrient losses, the objective is to reduce
them by at least 50% by 2030, while ensuring no deterioration of soil fertility. Furthermore, the objective is to reduce
the overall use and risk of chemical pesticides by 50% (as well as the use of more hazardous pesticides by 50%) by
2030, and to achieve at least 25% of EU’s utilised agricultural area farmed organically by 2030.

For the achievement of SO5 (European Commission et al., 2023), the 2023-27 CAP includes several types of
interventions such as: Eco-schemes (Art. 31), the rural development ‘agri-environment-climate commitments’
(AECC) (Art. 70), support to productive and non-productive, on-farm and off-farm investments (Art. 73-74),
knowledge transfer (Art. 78), advisory services (Art 15), cooperation (Art. 77) and sector interventions (Art. 46).
Additional payments for ‘area specific disadvantages resulting from certain mandatory requirements’ (Art. 72) are
also considered in this case. The progress achieved regarding an efficient management of natural resources will be
assess by means of nine results indicators: R.21 (Protecting water quality), R.23 (Sustainable water use), R.19
(Improving and protecting soils), R.14 (Carbon storage in soils and biomass), R.20 (Improving air quality), R.13
(Reducing emissions in the livestock sector), R.22 (Sustainable nutrient management), R.24 (Sustainable and
reduced use of pesticides), and R.29 (Development of organic agriculture). Examples of impact indicators that will
help to evaluate the achieved effects are 1.29 (Responding to consumer demand for quality food; corresponding
context indicators C.19, C.33, R.09_PI) and I.17 (Reducing pressure on water resource; corresponding context
indicators C.38).

As regards soil per se, the indicators mentioned above have a strong environmental focus, but do not refer to some
important agricultural conditions of the soil as such. Soils are more than a mere growing media for crops (Rinot et
al, 2019) and mechanisms for nutrient handling. Soil quality or soil health also refers to issues such as subsail
compaction, the loss of organic matter in topsoil and soil erosion (Kik, 2023). The ambition of the EU Commission
to propose a soil law aimed at achieving healthy soils by 2050 (EU Soil Health Law, 2023) is likely to lead to a further
extension of soil condition indicator variables (e.g. regarding soil compaction, soil organic matter content, soil
biology). Several CAP measures, not least the GAECs, are already aimed to directly or indirectly preserving and/or
improving soil quality?.

Figure 16 (Appendix 1) highlights the relevant interventions and result indicators that are relevant for SO5. Figure 6
summarises the outcomes of the mapping exercise carried out with respect to this SO.

2 This so-called enhanced conditionality of the CAP comprises a number of good agricultural and environmental
practices-standards (CAECs), that are designed to maintain permanent grassland, protect wetlands and peatlands,
maintain soil organic matter and soil structure, protect and manage water through the establishment of buffer strips
along water courses, and protection of ground water from pollution, prevent soil erosion by defining minimum soil
cover and minimum land management practices, preserve the soil potential through crop rotation requirements,
protect biodiversity through the maintenance of non-productive areas and landscape features, and ensure the retention
of landscape features through, for example, a ban on cutting hedges and trees during the bird breeding and rearing
season.
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Figure 6. Mapping efficient soil management

Models 5. Efficient Soil

Tillage Usage of

Manageme . Precision Investments Contribution

N Use P Use Crop . 8! . Pesticide R .
N Balance P Balance L. . N Soil Cover nt Practices Farming  related to of organic
Efficiency Efficiency rotation N Use ) . N
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Large-scale models
AGMEMOD
CAPRI
GLOBIOM
MAGNET
MITERRA
Small-scale models
Eco-Scheme Farm simulation tool (NL)
FAPRI Ireland Model
Farm-Dyn
FARMIS (DE)
Farm income FADN-based calculation tool (NL)
IMF-CAP
KOBALAMI (NL)
SiTFarm tool (Slovenian typical farm model tool)

Source: Tools4CAP 2023 (red=not modelled, yellow=potentially, green=modelled)

5.2.1. Large-scale modelling tools

N and P balance and efficiency

Agricultural emissions to soil (N and P) are incorporated in CAPRI, GLOBIOM and MITERRA. In MITERRA the
nutrient emissions are computed at NUTS-2 or MS level or on a product basis (farm gate LCA). While the
aforementioned models include N and P balances, indicator reporting on N and P use efficiency are missing with
the exception of MITERRA. However, CAPRI and GLOBIOM reporting could also be extended to provide N and P
efficiency indicators since the basic framework to do this is there. In case that more information is needed on specific
aspects influencing these efficiencies (e.g. with regard to specific farm management practices) there will be
inaccuracies like in all other areas critically relying on farm technology. MAGNET and even more so AGMEMOD
have an economic focus and lack a representation of nutrient balances.

Crop rotation

The large scale models often have an indirect link to crop rotation, as the crop rotation decisions of farmers form the
basis for their crop mix and as such determine the allocation of land to specific crops. All large-scale model capture
the supply of crops, and thus land allocation to crops. Of the large scale models, MITERRA and GLOBIOM consider
crop rotation constraints. Also, CAPRI has a module to optimize the land allocation to crops, taking into account
different constraints, but this is done at a regional rather than at farm level.

Soil cover
Out of the selected large scale modelling tools, only CAPRI and MITERRA take into account the role of cover crops.
Erosion

As cover crops play a role in reducing and managing soil erosion, it is again CAPRI and MITERRA that can provide
information on soil erosion (at NUTS2 level). GLOBIOM also covers different tillage systems and crop residue
management for soil organic carbon

Pesticide use

Of the large-scale models, only CAPRI takes into account pesticide use by distinguishing five aggregated pesticide
groups. Efforts are ongoing to refine the modelling framework into main substances or substance groups. This would
allow for a better assessment and consideration of the substitutability of main pesticide substances or substance
groups. Moreover, work is ongoing to improve CAPRI with respect to the implementation of alternative plant
protection options (e.g. biological pest control, mechanical weeding, crop rotations) as potential substitutes for
chemical pesticides, and to link pesticide use to existing or new CAPRI biodiversity indicators, like for example a risk
indicator for pollinators or other surrogate taxa (or species).
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Precision farming

Precision farming techniques are considered by CAPRI as they are an important option to reduce nitrogen input and
the related emissions. For the other large-scale models, which do not have a refined agricultural activity-based
approach, inclusion of precision farming into such models would not be possible. For such models, an alternative
may be to use equation shifters to reflect technical progress but such indicators are often quite generic and would
provide only a rough approximation of precision farming.

Climate investments

Climate related investments can be captured by CAPRI, as this tool implicitly accounts for the adoption of precision
farming and GHG mitigation technologies. Mitigation technologies are also explicitly represented in GLOBIOM. Of
the other distinguished large-scale models, MITERRA shows some potential to take climate investments into
account. In theory, however, all models that represent GHG emissions by assigning emission coefficients to crop
and animal faming activities (see also Figure 5) could in an indirect way potentially include climate investments by
making their emission coefficients a function of climate investments. As such the indicated potential (see Figure 6)
may underestimate what would be possible.

Organic farming

CAPRI and MITERRA are the large-scale models that take into account organic farming. With respect to CAPRI,
there is still ongoing work on representing organic farming in the model, which faces particular data challenges, as
has been explained in the section on value chains (Section 2.3). As regards AGMEMOD, work has been planned to
make a start to include organic agriculture production activities into the model.

5.2.2. Small-scale modelling tools

N and P balance and efficiency

Agricultural emissions to soil (N and P) are incorporated in FARMDYN, IMF-CAP and SitFarm tool. While these
models include N and P balances, indicator reporting on N and P use efficiency are missing, with the exception of
FARMDYN. The environmental accounting module in FARMDYN utilises the commonly applied methodology for the
quantification of NHz, N2O, NOx and elemental nitrogen (N2). An extension of the scope of accounting to LCA
methodology enables the consideration of emissions prior to on-farm activities such as the provision of major inputs
(Frischknecht et al., 2007). Emissions are characterised at midpoint level using characterisation factors from
Huijbregts et al. (2016). The farm and soil surface balances are calculated for N and P (expressed as phosphate,
i.e., P20s) indicating N and P prone to loss through run-off or leaching. Leaching of N and P to ground and surface
waters is highly dependent on environmental and geographical conditions and not directly modelled. Therefore,
results from the soil surface balances are indicators for potential loss of N and P after field application (Helming et
al., 2021).

Crop rotation

Crop rotation is an important management strategy farmers apply to reduce pathogens and optimise yield. Therefore,
crop rotation is included in many small-scale models (FARMDYN, IMF-CAP, and SitFarm tool). Usually it is modelled
as simple maximal shares of each crop (i.e., constraint of allowed percentage of a certain crop in a farm plan)
(Helming et al., 2021). More complex models can capture plots that are differentiated by soil and land type (e.g.,
arable land and grassland).

Soil cover

Like crop rotation, soil cover is usually modelled by means of constraints (i.e., share of catch and cover crops, and
blooming field margins). Note that to model soil quality, FARMDYN includes an organic matter supply balance
(Helming et al, 2021). Farm management options to increase organic matter supply on the farm are changes in
cropping plan, changes in the quantity and composition of the imported organic fertilisers (pig, cattle and poultry
manure, digestate, and green compost). IFM-CAP is a comparative static positive mathematical programming model
applied to each individual farm from FADN. As such, this tool can take on board a lot of farm detail, including
information on catch and cover crops and their response to policy constraints.
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Erosion

FARMDYN and IFM-CAP are the only two models out of the selected small-scale modelling tools that capture
erosion. As the mitigation of erosion is linked to the use of cover crops (see previous remarks on soil cover) this is
as one would expect (Britz et al, 2022).

Pesticide use

FARMDYN, IFM-CAP and SiTFarm-tool are small-scale models that take into account pesticide use. Especially the
FARMDYN tool has an extensive inclusion of pesticide use and its interaction with farming practices and
technological innovations (see Kuhn et al., 2022). For IFM-CAP and the SiTFarm-tool, pesticide use is included in a
relatively less refined way.

Precision farming

Precision farming is so far only included in IFM-CAP. However, also FARMDYN and the SiTFarm-tool have potential
here. For FARMDYN there has already been considered one application which touches on precision farming (e.g.
the use of a WING sprayer, see Jongeneel et al., 2024). In general, modelling of precision agriculture is hampered
due to severe data limitations.

Climate investments

Three of the considered small-scale models, notably FARMDYN, IFM-CAP and KOBALAMI consider investments in
climate related technologies. It may be a next step to fully endogenize such investments. For FARMDYN, work has
been done on deriving marginal abatement costs curves for GHGs, which offers potential to consider endogenous
investment in GHG mitigation technologies as a response to, for example, a GHG price incentive.

Organic farming

The FARMIS and IFM-CAP models, models which heavily rely on FADN fam data, include organic farming.
Moreover, the Eco-scheme farm simulator tool (which includes organic agriculture as an activity) and FARMDYN
have potential to at least address specific aspects of organic agriculture. For FARMDYN there seems to be no
technical limitation to include organic agriculture, although several data challenges have to be solved for its proper
representation. This is so since FARMDYN relies on a rather refined presentation of farm production technologies.

Despite statistical information reporting on the status of farmland-dependent species and habitats in the EU being
quite limited, the available data already points at the fact that biodiversity in EU farmland has been decreasing for
quite some time (European Commission, 2019e).

For the programming period 2023-27, the CAP includes several types of interventions to achieve SO6. More
specifically, the following interventions are considered: Eco-schemes (Art. 31), AECC (Art. 70), support to productive
and non-productive, on-farm and off-farm investments (Art. 73-74), knowledge transfer (Art. 78), advisory services
(Art 15) and cooperation (Art. 77) and sector interventions (Art. 46). Additional payments for ‘area specific
disadvantages resulting from certain mandatory requirements’ (Art. 72) are also considered. These interventions are
similar to the ones listed in the case of SO5. The progress achieved in terms of halting and reversing biodiversity
loss will be assessed by means of the following results indicators: R.30 (Supporting sustainable forest management),
R.31 (Preserving habitats and species), R.32 (Investments related to biodiversity), R.33 (Improving Natura 2000
management), R.34 (Preserving landscape features), R.35 (Preserving beehives), R.17 (Afforested land), and R.18
(Investment support for the forest sector). Examples of impact indicators that will help to evaluate impacts of the
interventions are 1.19 (Increasing farmland bird populations; corresponding context indicators C.36) and 1.20
(Enhancing biodiversity protection; corresponding context indicators C.37).

In order to contribute towards the attainment of the SO objective of protecting nature and habitats (SO5) (Figure 17
(Appendix 1), selected mapped indicators focussed on several biodiversity indicators as well as the adoption of
enhanced ecosystem services (Figure 7).2? With respect to biodiversity related to agricultural land, the objective is
that biodiversity is expected to improve or, at least, loss is expected to come to a halt. Furthermore, landscape

22 The EU Biodiversity Strategy 2030 sets targets and actions to reverse the decline of biodiversity and ecosystem
services by 2030 with the goal to fully restore biodiversity and ecosystem services in the EU by 2050.
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features in agricultural land are expected to increase, or at least be maintained, and the proportion of landscape
features managed for biodiversity is expected to increase. Trends of wild pollinators are expected to improve, or, at
least stabilise.

The outcomes of the mapping exercise in terms of biodiversity and enhanced ecosystem services (SO8) are
presented in Figure 7. The modelling of biodiversity and biodiversity-related indicators is relatively weak. This holds
both for large-scale as well as small-scale models. For large-scale models, which often cover a wide territory, this
should be not surprising since biodiversity modelling is known to require the consideration of local detail, at a
granularity level that often cannot be reasonably handled by large-scale models (Gonzalez-Martinez et al., 2021).
However, for small-scale models, which often have a more local/national focus, one may have expected a better
performance, also because biodiversity preservation is a serious policy concern for already quite some time. Also
some of the large scale models may be linked to dedicated biodiversity models that try to estimate the impacts of
land use and land management on species abundance and other indicators at the grid level with global coverage. A
well-known example of such global modelling efforts involving GLOBIOM and IMAGE is the ‘Bending the curve’
initiative (Leclere et al., 2020). Moreover, GLOBIOM is coupled with the iBIS model to account for the biodiversity
impacts (Jung, 2023).

Figure 7. Mapping biodiversity and enhanced ecosystem services

Models 6. Biodiversity and enhanced eco system services
Farmer
Farm landscape  Presence of high articipation in
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schemes

Large-scale models
AGMEMOD
CAPRI
GLOBIOM
MAGNET
MITERRA
Small-scale models
Eco-Scheme Farm simulation tool (NL)
FAPRI Ireland Model
Farm-Dyn
FARMIS (DE)
Farm income FADN-based calculation tool (NL)
IMF-CAP
KOBALAMI (NL)
SiTFarm tool (Slovenian typical farm model tool)

Source: Tools4CAP 2023 (red=not modelled, yellow=potentially, green=modelled)

Below, the contributions of specific models will be discussed. The general picture will be that the considered models
do a poor job. However, when focusing on the preservation of habitat conditions, various models contain elements
that could be linked to this. Examples are the modelling of Natura2000 areas, the taking into account of minimum
proportion of uncropped areas (e.g. seminatural habitats, and landscape features) in land use, the modelling of
ecological focus areas (encouraging the selection of semi-natural vegetation options by farmers), including the option
for field margins. Such measures or land-use constraints are known to create favourable enabling conditions for
biodiversity preservation. Many models (e.g. AGMEMOD, CAPRI, GLOBIOM, MITERRA, the Eco-scheme Farm
simulation tool, FARMDYN, FARMIS and the SiTFarm tool) take one or more of these aspects into account and
could be argued to have at least some indirect links with biodiversity and the specific biodiversity indicators
considered below.

5.3.1. Large-scale modelling tools

Birds and butterflies

In the case of large-scale models, only the current version of CAPRI includes a farmland bird index. This is an
aggregated index integrating the population trends of 33 common bird species associated with farmland habitats
and modelled in CAPRI via (changing) land-use characteristics (Scholefield et al., 2009).

Landscape features and nature value

Only CAPRI reports an indicator on the presence of high nature value farming (HNV), namely an estimate of the
‘Biodiversity friendly practices index’ which captures the probability to find HNV Farmland in a region. The index
relies on plausible specifications for the impacts on certain drivers (like nutrient input, crop diversity, pesticide use,
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| 32



() ToOLS

livestock density, fallow/set aside areas) on farmland biodiversity which is expressed in index form. The total index
is the area weighted average of all sub-indices.

Biocontrols

None of the identified large-scale models considers adoption of biocontrol measures, i.e. prioritising non-chemical
alternatives. Compilation and integration of biocontrol measures in the CAPRI pesticides database has been
deferred to the future even though CAPRI is otherwise somewhat advanced in covering plant protection issues.

Pollinators

None of the considered large-scale models capture the beneficial role of pollinators on crop production. The reverse
impacts of agricultural practices on pollinator populations is partly covered within biodiversity indicators where
pollinators are one of many species.

Eco schemes

None of the large-scale models model eco-scheme participation. To the extent that eco-scheme participation affects
the cropping area, some large-scale models try to take eco-scheme (and AECM) participation into account by
including it in a ‘non-productive’ area variable (which is then usually exogenously determined).

5.3.2. Small-scale modelling tools

Birds and butterflies

Farmland bird and grassland butterfly indices are not yet accounted for in the small-scale models. However, as with
CAPRI, the indirect indicators can also be of use in the small-scale models FARMDYN and IMF-CAP. Helming et al,
(2021) specifically mention the share of permanent grassland and species-rich grassland, area of functional
agricultural biodiversity (FAB) elements, as well as land use (e.g. arable versus grassland).

Landscape features and nature value

IMF-CAP is the only small-scale modelling capturing farm landscape features and their loss directly. Other models
include more indirect indicators, namely area and share of high nature value farmland, area of non-production land,
and number of nature conservation packages (Helming et al, 2021).

Biocontrols

Also the small-scale models do not consider adoption of biocontrol measures directly, but some can accommodate
this potentially (Eco-Scheme Farm simulation tool, FARMDYN and IMF-CAP). Non-chemical alternatives can be
included as an option in the farm models and prioritised by imposing constraints.

Pollinators

Pollinators can be indirectly accounted for in the Eco-Scheme Farm simulation tool, FARMDYN and IMF-CAP. At a
higher level, biodiversity is namely dependent on aforementioned measures to preserve birds, insects and pollinators
(i.e., measure summarised under birds and butterflies as well as landscape value and nature value, for example
FAB elements).

Eco schemes

Two small-scale models, notably the Eco-scheme Farm simulation tool and FARMIS model eco-schemes. The first
tool includes a detailed set (22) of eco-activities and models the Dutch eco-point-system, which is, in relative terms,
the most complex eco-scheme in the EU. FARMIS takes into account the German eco-scheme, which is more
simple. For the adoption of eco-scheme activities a specific module (an eco-scheme margin calculator) is used.
Regional differentiation of the eco-scheme is also accounted for.

The analysis presented in Sections 3.1-3.3 indicates several gaps in terms of the representation of the environmental
sustainability dimension within the selected tools. Key gaps are listed below:
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The current selection of indicators (as shown in Table 5) is not including indicators that refer to the chemical
and physical state/composition of the soil (e.g. organic matter content (SOC), soil compaction). Information
on SOC is, for example, an important element in arrangements to stimulate carbon fixation in the solil, e.qg.
carbon farming.

Indicators to report on GHGs emissions per hectare are delivered by most of the tools under consideration.
In the case of the large-scale tool AGMEMOD and the small-scale tool KOBALAMI which both do not
generate this type of indicator, linkages with other models have been developed to address this.

As regards ammonia emissions (important for the preservation of for example Natura2000 areas), the
selected models do a poor job. With respect to (N and P) nutrient surpluses, the CAPRI, GLOBIOM and
FARMDYN models do take these into account. However, given the serious consequences the
environmental policy measures can have for farming practices and farm income, and the lack of well-
established direct measurements, this puts a special challenge for the role of models and their reliability
(empirical testing).

Representing and assessing progress in terms of the use of renewable energy per farm is an important
challenge for both set of tools. With the relevant extensions, FARMDYN is the only model which could
potentially deliver some indicators on this regard.

When assessing the impacts on soil, only a few tools can be used, mainly i.e. CAPRI, MITERRA, FARMDYN
and IFM-CAP. GLOBIOM also includes N and P balances although they are not as detailed as the ones
included in MITERRA. While some models include N and P balances, indicators reporting on N and P use
efficiency, as well as the use of precision farming technologies are missing in most cases.

The use of precision agriculture techniques is only covered by the CAPRI and FARMDYN models, but may
gain from further improvements. There are serious data challenges which are a limiting condition for their
modelling.

Almost no indicators on biodiversity and enhanced ecosystem services are currently provided by the
selected tools. In the case of large-scale models, only the current version of CAPRI includes a farm bird
index, as well as an indicator reporting on the presence of high nature value farming. The participation of
farmers in agri-environmental schemes in the case of Germany is captured by FARMIS and by the Eco-
scheme Farm simulation-tool.
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6. Modelling needs from a social and rural perspective

With respect to the GO of social sustainability, there are three SOs, notably structural change and generational
renewal (SO7), jobs growth and rural poverty (SO8), and health, food and anti-microbial resistance (SO9). To assess
the need for policy makers, a selection of relevant key indicators has been made for each of the SOs, resulting in
17 key indicators. An overview of the selected indicators regarding social and rural sustainability is provided in Table
6.

Table 6. Social and rural sustainability needs: Objectives and Indicators

= Income level of young farmers
= Farmer age
= Succession
7. Structural change and generational renewal
= Farm exits/entries
= Extent of farm specialisation by age of farmer
= Access to finance and credit
= Broadband availability and broadband speed
= Distance from services
= Region remoteness
8. Jobs growth and rural poverty = Off-farm income
= Rural employment
= Social inclusion
= Gender equality
=  Sales of veterinary antimicrobial agents

= Use of veterinary antimicrobials in EU animal
9. Health, food and anti-microbial resistance husbandry

=  Food losses and waste

= Animal welfare

Source: Tools4CAP 2023

Structural change and generational renewal are at the core of rural and agricultural attractiveness. Understanding
the plan for the succession or transition of the farm manager is crucial in facilitating the transfer of farm ownership
and management from one generation to the next, a process that can be complex and challenging.

The 2023-2027 CAP provides additional income support to young farmers, and rural development funds provide
funding (mostly for investments) to new young entrants (see Appendix, Figure 17 for the framework of impact,
context and result indicators of SO7). Specifically, the progress towards generational renewal will be monitored
through impact indicator 1.23 (corresponding to context indicator C.16), on attracting young farmers (evolution in the
number of new farm managers and new young farm managers). The framework also includes relevant result
indicators, such as: R.36 Generational renewal (number of young farmers benefitting from setting up with support
from the CAP).
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The models have been mapped with respect to 6 key indicators on structural change and generational renewal
(Figure 8).

Figure 8. Mapping structural change and generational renewal
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Farm income FADN-based calculation tool (NL)
IMF-CAP
KOBALAMI (NL)
SiTFarm tool (Slovenian typical farm model tool)

Source: Tools4CAP 2023 (red=not modelled, yellow=potentially, green=modelled)
6.1.1. Large-scale modelling tools

The large-scale tools hardly model structural change and generational renewal. When large scale models take into
account structural change (e.g. case of the AGLINK-EU module), this is done by estimating the number of farmers.
This allows the model to then project the average farm size, and sometimes a derived farm income indicator. There
are separate tools, such as Markov-chain models, that try to explain the farm size distribution (e.g. Huettel and
Jongeneel, 2011; Zimmermann and Heckelei, 2012; Gocht at al., 2012). Some of this work has been included in
IFM-CAP, but it is not clear how this works and how operational this is. Only AGMEMOD could potentially address
income level of young farmers.

Income level of young farmers

In AGMEMOD the agricultural income and labour input per farm is captured. However, young farmers (and small-
scale farmers) are not separately accounted for. Nevertheless, expert judgements and econometrically estimated
equations may be incorporated in order to decompose future projections into different age cohorts of farmers.? The
number of EU farmers has been falling steadily and it is expected that the pace of departure will slow down.
Furthermore, it is expected that the EU-N13 will continue to experience this structural transformation to the farming
sector, while in the EU-15, labour force should decline more moderately (European Commission, 2019f). Since
AGMEMOD integrates country models, these regional differences can be accounted for (based on each commodity
in each country, agricultural production as well as supply, demand, trade, stocks and domestic prices).

Other structural change and generational renewal indicators

None of the large-scale models address the other indicators with respect to structural change and generational
renewal, such as farmer age, farm succession, farm exits/entries, farm specialization, and farm financing issues. As
regards farm exits/entries, adding simple regressions could be possible to account for the trends observed in the
number of farms. By doing this the ‘development’ of the ‘average farm’ could be derived and other indicators, such
as for example farm earnings, could then take into account the increase in farm scale over time.

2 See, also, European Commission (2019f).
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6.1.2. Small-scale modelling tools

The small-scale tools capture structural change and generational renewal indicators more in comparison to the large-
scale tools, although both types of tools are more detailed with respect to economic and environmental sustainability.
With respect to the structural change and generational renewal objective, all indicators except one (i.e., extent of
farm specialisation by age of farmer) are addressed by at least one small-scale model.

Income level of young farmers

Income level of young farmers is accounted for in the Farm income FADN-based calculation tool, and potentially
available in SiTFarm tool. The farm income FADN-based calculation tool is directly based on FADN recordings which
includes the year of birth of the farm manager for each farm (as well as other farmer characteristics such as sex and
agricultural training). By means of ex-post calibration, based on FADN statistics, the model can run with farm classes
that are defined by age cohorts. The SiTFarm tool could potentially use farmer age information, as it relies on detailed
farm information, which is then used to generate typical or representative farms.

Farmer age and succession

Farmer age and succession are both captured in the Farm income FADN-based calculation tool. As mentioned
before, age is measured in year of birth of the farm manager, while succession is based on the Dutch General
Agricultural Census (binary question not elicited every year). Succession in IMF-CAP is potentially available since it
just relies on the same detailed FADN-farm data, which includes information about farmer age profiles and indicated
availability of a farm successor. It should be noted that the data signal ‘intended farm succession’ and contain a
degree of uncertainty whether this will ultimately really happen.

Farm exits/entries

The number of farm exits (and entries) is potentially available in KOBALAMI and IMF-CAP. The potential starting
point in KOBALAMI is a measure (or policy) under consideration. A measure has associated a monetary cost related
to its implementation and could lead to direct changes in land use, direct changes in the farm size and farm
population, e.g. buy-out schemes to reduce the number of livestock units and farms, or changes in primary
agriculture, e.g. efficiency improvements, which could lead to further changes in the farm size and farm population.
KOBALAMI does not endogenously explain farm exists or entries, but either makes projections based on simple
time series regressions (on historical data) or uses input from other tools. Farm exits (and entries) in IMF-CAP is
potentially available (see also Gocht et al, 2012), but also added as a quasi-exogenous input to the model in order
to explain the changing weights that should be attached to the sample farms.

Access to Finance and Credit

Ease to finance and credit is inherently difficult to ascertain but access and use of credit is a proxy that is more
straightforward, and (potentially) captured in FARMDYN and the Farm income FADN-based calculation tool. In the
dynamic setting, FARMDYN gives a time path of yearly results explicitly accounting for multiple period production,
investments, financial constraints, and farm liquidation (see also Helming et al., 2023). The Farm income FADN-
based calculation tool is directly based on FADN recordings, which includes several financial indicators for each
farm (e.g., assets and liabilities).

Many rural areas in the EU suffer from structural problems such as under-investment in broadband and connectivity,
digital and other infrastructures and essential services in remote areas, as well as lack of attractive employment
opportunities. Against this background, the CAP, through its Specific Objective 8, aims to strengthen the socio-
economic fabric in rural areas (European Commission et al., 2023).

The new CAP Regulation 2115/2021 provides a set of instruments to address challenges related to employment,
local development and gender equality, notably investment support (Art. 73-74), installation aid (Art. 75), cooperation
support (Art. 77), including LEADER/CLLD, support for knowledge, advisory and training (Art. 78) and sectoral
interventions (Art. 42). For these instruments numerous result indicators, besides cross-cutting result indicators, are
of relevance (R.37 (growth and jobs in rural areas), R.38 (LEADER coverage), R.39 (developing the rural economy),
R.40 (smart transition of the rural economy), R.41 (connecting rural Europe) and R.42 (promoting social inclusion).
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In addition, aspects of other instruments and tools of CSPs while not specifically addressing SO8, may further
influence its achievement (European Commission et al., 2023). See Appendix Figure 18 for the framework of impact,
context and result indicators of SO8.

The models have been mapped with respect to 7 key indicators on jobs growth and rural poverty (Figure 9).

Figure 9. Mapping jobs growth and rural poverty
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Source: Tools4CAP 2023 (red=not modelled, yellow=potentially, green=modelled)
6.2.1. Large-scale modelling tools

The large-scale tools hardly model the social sustainability objectives. Only MAGNET could potentially address rural
employment.

Rural employment

The segmented mobile factor market module in MAGNET separates agricultural and non-agricultural markets for
labour and capital. Divergence in developments between agricultural and non-agricultural wages and capital returns
can play an important role in long-term projections. The 10 model links industries in value added chains from primary
goods, over continuously higher stages of intermediate processing, to the final assembly of goods and services for
consumption. The effect of changes in primary production on rural employment could potentially be modelled in
MAGNET by creating a subindicator based on the employment associated with selected activities that are taking
place in the rural areas.

6.2.2. Small-scale modelling tools

Only off-farm income can potentially be included in the small-scale models as an indicator for the jobs, growth and
rural poverty objective.

Off-farm income

Non-farm income is not currently represented in any of the small-scale tools that have been considered in this
exercise. However, relevant data on farm and non-farm income is available at the EU Statistics on Income and Living
Conditions (EU-SILC).?* In FARMDYN labour constraints could potentially account for including off-farm labour. The
objective function maximises farm profit or household income, including returns from off-farm labour, but very much
depends on local information on off-farm alternatives (Britz et al., 2021). In KOBALAMI the cost-benefit analysis
module permits capturing off-farm income, but this is mainly scenario dependent and associated with the ‘re-
employment-fiction’ that is applied to the release of labour from agriculture (e.g. in case of shrinkage of the farm
sector due to buy-outs and regular farm exits). The IMF-CAP and SiTFarm potentially could try to account for part-
time farming and develop some normalized earning rate indicator. In case of the SiTFarm tool, more detailed

2+ See, Marino et al. (2023), for further discussion on farm-nonfarm households' income gap along the income
distribution in the EU and its potential implications for the CAP design.
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information may be potentially recoverable about the labour allocation and earnings related from side-activities
pursued at farms.

6.3.Health, food and anti-microbial resistance

Specific Objective 9 addresses societal demands about health and food, i.e. the growing expectations of EU citizens
about food systems and production who want to access high-quality, safe and nutritious food, reduce antimicrobial
resistance, limit food losses and waste, and promote higher levels of animal welfare.

Instruments refer both to interventions and definitions/requirements/standards. The new CAP Regulation (EU)
2115/2021 provides a set of instruments to address societal demand for safe and nutritious food at affordable price,
produced from sustainable practices. Instruments that can potentially contribute to meet growing expectations of EU
citizens about food systems and production are coupled income support, sectoral interventions, AECM, investment
support, cooperation support and support for knowledge, advisory and training (European Commission et al., 2023).
See Appendix Figure 19 for the framework of impact, context and result indicators of SO8.

The models have been mapped with respect to 4 key indicators on health, food and anti-microbial resistance (Figure
10).

Figure 10. Mapping health, food and anti-microbial resistance
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Source: Tools4CAP 2023 (red=not modelled, yellow=potentially, green=modelled)

6.3.1. Large-scale modelling tools

The large-scale tools hardly model health, food and anti-microbial resistance on their own but they have been linked
occasionally to dedicated nutrition models (SUSFANS project) or to air pollution models tracing the impacts of
ammonia to particulate matter (PM) formation.?® Food losses at farming stage, during processing and storage are
directly modelled by AGMEMOD, CAPRI, GLOBIOM and MAGNET. AGMEMOD and MITERRA could potentially
model animal welfare.

25 Further details on the SUSFANS project are available at: https://www.susfans.eu/.
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Food losses at farming stage, during processing and storage

With increased focus on circular economy, several large-scale models implement a waste streams module or apply
a more straightforward correction factor, although food waste is particularly difficult to quantify because it occurs
throughout the value chain (i.e., production, distribution, in stores, at home, in restaurants).

The variables simulated in AGMEMOD accounts for food losses throughout different crop and animal value chains.
CAPRI (Barreiro-Hurle et al., 2021) incorporates food waste for different commodities. Losses and waste in
GLOBIOM are set at sector and chain level, for example in the processing chains 12% in the oilseed and pulses
sector and 7% in the dairy sector (IBF-IIASA, 2023).

The waste streams module in MAGNET calculates waste as a product that is generated automatically through
consumption of products.?® Consumers in the model can generate five types of wastes (i.e., food waste, garden
waste, glass waste, paper waste and other waste). Food waste includes losses during post-harvest, processing and
transports, as well as retail food waste. The waste so generated creates demand for waste collection services —
green waste collection (collects only food and garden waste), recycling collection (only collects glass and paper),
and grey waste collection (which collects all five types of waste). The collection services provide the waste to
treatment sectors which - compost, recycle, incinerate or landfill. The choice of collection service and treatment
option has implication for demand of virgin inputs in the economy and associated emissions.

Animal welfare

In MITERRA animal welfare could potentially be modelled, although only partially for grazing ruminant systems.
Grazing is often considered more animal welfare-friendly and natural than housed or feedlot type systems. Changing
the hours of grazing and the grazing intensity in MITERRA impacts grassland production and subsequently economic
performance. In the case of AGMEMOD, animal welfare could be indirectly modelled by assuming lower productivity
(e.g., lower yield per animal). Regulations in terms of space requirements per animal could be incorporated by
imposing additional constraints to the number of livestock units (i.e., maximum number of livestock units per hectare
for grazing ruminant systems or minimum space for granivore (pigs and poultry) farms.

Some years ago, an EU research project (Cross Compliance Assessment Tool (CCAT)) addressed selected animal
welfare measures with CAPRI, but this has not developed into a focus area of model development and is not
operational anymore. There has been a CAPRI study for COPA-COCEGA investigating the implications of keeping
poultry or sows in cages (Potori et al., 2023).

6.3.2. Small-scale modelling tools

With respect to the objective focussing on health, food and anti-microbial resistance, the small-scale models could
potentially address the animal welfare indicator (while other indicators are hardly foreseen to become within the
scope anytime soon).

Veterinary antimicrobials
Only IMF-CAP could potentially account for the use of veterinary antimicrobials in animal husbandry.
Animal welfare

As in some of the large-scale models, animal welfare could potentially be modelled in FARMDYN, although only
partially for grazing ruminant systems. A grazing animal welfare-friendly and natural system can be simulated by
changing the hours of grazing and the grazing intensity, impacting grassland production and subsequently economic
performance. A similar approach holds for the Eco-scheme farm simulation tool, IMF-CAP and SiTFarm.

First of all, it should be highlighted that some of the social indicators are less clearly linked to agricultural production,
Since the origins of many of the models is in the economics of agricultural production, it should not be surprising
that some of these models are not well placed to facilitate the modelling of social metrics.

%6 See, also:
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In terms of the representation of social sustainability within the existing tools (Sections 4.1-4.3), the following key
gaps have been identified:

= The small-scale tools capture more the sustainability indicators in comparison to the large-scale tools,
although both types of tools are more detailed with respect to economic and environmental sustainability
indicators.

= Off-farm labour decisions are currently modelled to a limited extent and very much depend on local
information on off-farm alternatives (Britz et al., 2021).

= Analysing policy effects on potential farm exit might require a long-time horizon and the activation of
modules relating to on- versus off-farm labour, equity use, and farm succession aspects (Britz et al., 2021).

= A criticism may be raised on the degree of certainty about some of the social sustainability indicators (for
example the intention of succession).
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7. Potential contributions of modelling tools beyond ‘usual’ scenario
simulation

The analysis presented in previous chapters has pointed to several gaps in the considered existing body of tools.
Overall, these gaps can be ranked in two broad categories:

= Indicator gaps - Gaps due to the novelty of some objectives/indicators which were not used in previous CAP
programming periods, and therefore, not (yet) included in the existing tools and available statistics;

= Application gaps - Gaps regarding the use of the available tools. In some cases, the existing tools could be
potentially used for assessing some CAP specific issues, but this type of assessment has not been
conducted so far.

Dealing with gaps requires tailored solutions which vary in the degree of complexity and resource intensity related
to their implementation and use.

Dealing with indicator gaps is much more complex than application gaps, since often the ‘root’ of the problem is the
lack of data in the existing statistics. If that is the case, end-users might need to move from EU-wide analysis to
more local approaches and rely on the outcomes of less complex tools that have only regional or MS coverage.
Another solution where data is not available is to rely on the existing body of knowledge. In particular, a literature
review and some meta-analysis relying on the outcomes of existing scientific research could also be useful to support
the evidence-based policy-making process. When none of these approaches are valid, and the collection of data is
challenging or not feasible, the uncertainty and limitations of the analysis should be properly described and taken
into account in the policy process.

Application gaps might only require thinking ‘outside the box’ and using tools in an innovative way, i.e. applying an
existing tool to a different field than before, using an EU-wide tool for an assessment at MS level, conducting
assessment of impacts with a tool that has been traditionally used for market outlook, using two tools in an integrated
manner, etc.

A final remark regarding the specificities of the CAP SOs is also due. In some cases, the definition of the indicators
that are linked to each SO is straightforward (e.g. farm income, GHG emissions per ha). However, in other cases,
coming up with a clear definition is much more arbitrary and uncertain (e.g. farm succession, whereby availability of
successor depends on, for example, age of farm manager and expected farm prospects given an uncertain future).
Defining an indicator is not the only challenge, since in certain cases the complexity also comes from the fact that
some elements which should be taken into account are linked with multiple SOs and indicators.

Besides the analysed large-scale and small-scale models, we also assess several complementary tools (i.e.,
statistical methods, experimental economics, farmer-used modelling tools and other small-scale simulation tools).

7.2.1. Statistical methods

As elaborated on in D1.1 and D1.3, statistical methods can be considered as tools that utilise statistical techniques
to analyse and interpret data to provide evidence-based insights. More specifically, quoting Stock and Watson
(2007), ‘econometrics uses economic theory, mathematics, and statistical inference to quantify economic
phenomena. In other words, it turns theoretical economic models into useful tools for economic policymaking’.
Overall, the use of quantitative techniques can support the policy-making process by translating (qualitative)
hypotheses, e.g. a reduction in fertiliser application will lead to a decline in yields, into quantitative (and much more
specific) insights, e.g. a 1% reduction in the fertiliser application rate can lead to a 0.5% yield decline in the case of
crop X under given conditions.

Providing a comprehensive overview of the available econometric and statistical techniques (Wooldridge, 2019;
Zong, 2022) goes beyond the scope of this document, since the main purpose of this section is to provide an
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illustration on how the design and evaluation of the CAP can benefit from the use of quantitative techniques.
Nevertheless, some references to techniques that are commonly used in the policy cycle or approaches which are
less popular, although they could make an interesting contribution, are mentioned.

To begin with, policymakers can rely on counterfactual analysis (Loi and Rodrigues, 2012) to evaluate the causal
effect of the intervention under consideration on those outcomes that are of importance for the policy-maker.
Examples of techniques that can be used when carrying out impact evaluation of public interventions are propensity
score matching (PSM), regression discontinuity design (RDD), difference-in-differences (DID) or instrumental
variables (IV) among other techniques.

Secondly, policymakers might be interested in understanding the impact of an intervention (or phenomenon) over
time. These effects can refer to relationships between variables that occur within the same period of time
(contemporaneous relations), interventions in the present that have an impact in future periods (the so-called carry-
over effects), relationships in which two interacting elements influence the future behaviour of each other (feedback),
sudden changes in the development of a variable (structural breaks) or long-term adjustments that are easily
captured by means of trend variables. In those cases, time series econometrics provide a wide range of approaches
to capture these type of dynamic relationships, e.g. Vector Autoregressive (VAR) models, Vector Error Correction
models (VEC), Structural Equation Models (SEM). Overall, the chosen technique will depend on the characteristics
of the data, e.g. the presence of a unit root, and the final selection of the estimated model will also consider other
aspects such as the avoidance of multicollinearity or the lack of statistical significance of the parameters amongst
others. The application of time series econometrics for policy-making is not a recent development since its use for
the analysis of public policy has been a topic present in the scientific literature since the 1970s (Gray, 1973).

The Mixed Estimator technique (Theil and Goldberger, 1961; Theil, 1963) which combines sample and non-sample
data deserves special mention. This econometric technique is appropriate when trying to improve the plausibility of
the estimates and increase the efficiency of the estimated parameters. The former is particularly attractive in the
context of scenario simulation (by large-scale models) in which unrealistic impacts based on ‘explosive’ model
parameters are of no use to inform policy-making. Focusing on its potential application within agricultural economics,
the mixed estimator can help to bring together empirical observations, i.e. parameters or elasticities estimated based
on statistical data, with agronomic knowledge regarding elements such as plausible yield responses or maximum
potential yields. An application of this technique in the case of the milk supply module of the AGMEMOD model is
presented in Jongeneel and Gonzalez-Martinez (2022).

Statistical techniques and econometrics can contribute to support evidence-based decision-making in the CAP
context by delivering quantitative insights regarding the potential (or actual) impact of policy interventions. Therefore,
statistical and econometric analysis are important tools when thinking of implementing a policy (e.g. ex-ante impact
assessment) or assessing the actual impact of an intervention following its implementation (e.g. ex-post impact
assessment). Additional insights on the contribution of impact assessments to the policy cycle are provided in OECD
(2014).

Examples of tools

In Bulgaria, the Institute of Agricultural Economics utilised statistical and environmental data analysis during the
design phase, specifically in the SWOT Analysis, and expects to do so again during performance monitoring. This
tool is able to provide accurate and representative insights, leveraging extensive data collection and analysis,
incorporating various statistical methods and environmental data sources. It can yield robust evidence regarding
both performance and compliance, aiding significantly in strategic planning and policy decisions. Similarly, in
Romania, the Ministry of Agriculture and Rural Development also used/is planning to further use statistical data
analysis for a wide range of tasks, from socio-economic analysis through to compliance monitoring. Due to the
infeasibility of creating an interoperable data tool within tight timeframes, this tool used spreadsheets to analyse data
from various sources, offering a comprehensive understanding of the socio-economic landscape. The tool led to
detailed reports that were foundational for SWOT analyses and identifying essential needs. Furthermore, Spain also
utilised data analysis through both the National Ministry of Agriculture and the Regional Ministry of Agriculture,
alongside other national ministries. The urgency of the CSP design phase necessitated this approach, which
extracted insights from an array of sources, heavily relying on spreadsheets for analysis. The outputs provided a
multifaceted view of Spain's agricultural sector, crucial for subsequent SWOT analysis and need identification.

Lithuania's approach, as devised by the Lithuanian Centre for Social Sciences, Institute of Economics and Rural
Development, included statistical socio-economic analysis. This tool, used by the Ministry of Agriculture of the
Republic of Lithuania, dived deep into socio-economic factors using various data sources, including Eurostat, FADN
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data, and national databases. The comprehensive analysis outlined strengths and weaknesses in Lithuania's
agricultural and rural development, assisting in the prioritisation of needs and decision-making during the CSP
formulation. Similarly, Poland employed statistical socio-economic context analysis through the Institute of
Agricultural and Food Economics — National Research Institute. This tool was chosen due to time and budget
constraints and made use of publicly available statistics, primarily from 2012-2018. By presenting this data with
consistent EU-level context indicators, the tool produced a diagnostic report on the socio-economic conditions in
each of Poland's voivodeships, allowing for a more granular understanding of the agri-food sector and rural areas.

Statistical analysis captures modelling tools that rely on the output of econometric analysis.?” At first glance, ‘pure’
econometric modelling tools seem to be rare when searching for a large-scale model in the field of agriculture.
Nevertheless, several tools that are partly econometrically-estimated models are available for policy-makers. More
specifically, models such as AGMEMOD combine a ‘limited’ set of identities, e.g. production = yield*acreage, with a
large number of equations that incorporates behavioural responses econometrically estimated by means of several
techniques (OLS, Mixed estimator).?® As presented in Jongeneel and Gonzalez-Martinez (2022), the milk supply
module of the AGMEMOD model has been recently estimated to better reflect the reality of the EU market in the
post-quota period. By using the Mixed Estimator (Theil and Goldberger, 1961; Theil, 1963), the authors combined
sample and non-sample (agronomic) information to improve the feasibility of the behavioural responses of the dairy
sector at MS level.

In addition, there are also other type of modelling tools which are mainly calibrated models, although they incorporate
a module or component involving statistical analysis. The stochastic analysis carried out by means of the AGLINK-
COSIMO model falls in this category.?® Araujo Enciso et al. (2017) discuss how the deterministic projects of the
AGLINK-COSIMO model are enriched by a Partial Stochastic Analysis tool. The latter permits AGLINK modellers to
generate deeper insights into specific market uncertainties, mainly by simulating counterfactual scenarios to the
baseline. These counterfactual scenarios reflect yields and macroeconomic conditions that are stochastically
generated. This study concludes that a parametric cubic trend method performs best to extract unexplained
variability and a non-parametric hierarchical copula (Clayton) method is more appropriate for the simulation of
alternative yields and macroeconomic conditions.

A reference to the CAPRI model is also required since this mathematical programming model has been combined
with econometric analysis.*® More specifically, Jansson and Heckelei (2010) present the outcomes of estimating the
behavioural parameters of the quadratic regional supply models of CAPRI. For the purpose of this contribution, the
authors estimate the optimality conditions using a Bayesian highest posterior density estimator. For broad crop
categories, e.g. cereals, oilseeds, at the MS level, the estimated own-price elasticities of supply are reported to be
in a feasible range.

7.2.2.Experimental economics

As elaborated on in D1.1 and D1.3, experimental approaches generate data in a controlled setting to analyse
relationships between the intervention of interest and people’s actual behaviour or stated intentions. In this regard,
the experiments differ from other tools, because they rely on primary data collected through a carefully designed
experimental protocol, instead of observed data from ‘naturally occurring’ economic situations. Although
experimental economics is currently more common in other policy domains (e.g. education and development aid)
and in third (particularly developing) countries, it has been increasingly used for agricultural policy evaluations in the
EU as well (Thoyer and Preget, 2019).

Various typologies of experimental tools were developed in the experimental economics literature. However, the
researchers from the Research network on Economic Experiment for the Common Agricultural Policy (REECAP)
have recently proposed four types of experimental approaches for the purpose of CAP strategic planning,
evaluations and monitoring (Lefebvre et al., 2021; Thoyer and Preget, 2019). In laboratory (lab) experiments,
participants are asked to play an economic game, which aims to reveal their behavioural responses to different
decontextualised scenarios. The game takes place in an economic lab (usually a computer room) and can be played
either by students or real economic agents (stakeholders). To simulate real-world behaviour, participants receive a

7 Large-scale tools based on econometric outcomes can be used for scenario simulation.
8 See, also:
2 See, also:
30 See, also:
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monetary incentive depending on the choices they make during the game. With the appropriate infrastructure, lab
experiments provide a quick and flexible tool to test new policy approaches or incentives. However, if the intervention
of interest needs to be tested with the relevant economic context, contextualised field experiments with stakeholders
can be used to more closely simulate a naturally occurring decision-making environment. The third tool is the
randomised controlled trial (RCT), which is used to evaluate interventions during the implementation of the policy in
the real-world setting. To measure the causal effects of the intervention, participants are randomly assigned to either
a treatment or control group.

In contrast to these approaches, which aim to reveal actual behaviour, discrete choice experiment (DCE) is a survey-
based tool for eliciting stated preferences in a hypothetical setting (Mariel et al., 2021). The respondents are asked
to conduct a choice task, where they are typically presented with a series of choice cards. On each card, they need
to make a choice between two or more alternatives. DCE is particularly useful for assessing farmers’ preferences
towards novel policy measures, because it enables a monetary estimation of their willingness to accept alternative
policy design options. They have also been extensively used for assessing public preferences for policy
interventions, particularly in terms of environmental or landscape improvements (Colen et al., 2016).

In addition to the experimental approaches described above, there are also a number of quasi-experimental tools,
which can be employed for CAP evaluation. These tools, however, do not necessarily require primary data collection,
as they use various statistical methods to “create” artificial counterfactual or control group data, which are then
compared with the observation data. Examples include DID, statistical matching, instrumental variables and
regression discontinuity methods (Castafio et al., 2019). Although they are not true experiments, quasi-experimental
tools can be particularly useful when it is not possible to design a more rigorous experimental protocol due to ethical,
administrative or other issues (Thoyer and Preget, 2019).

Experimental approaches can expand and complement the existing CAP toolset for supporting evidence-based
decision-making in at least three ways (Colen et al., 2016; Lefebvre et al., 2021). Firstly, the controlled setting and
randomised assignment of participants enable a robust and verifiable assessment of the causality in both ex-ante
and ex-post evaluations. Experiments can thus help decision-makers to understand if a particular policy intervention
provides measurable net impacts and to justify the public spending. Secondly, experimental approaches can be
used for pre-testing policy measures in order to anticipate farmers’ reactions to policy changes or their compliance
to new regulations. The gathered data can also reveal the potential heterogeneity of the responses and reasons for
it. Finally, economic experiments have been extensively used for discerning the role that behavioural factors, such
as perceived risks, resistance to change and social norms, play in particular decision contexts. By relaxing the
neoclassical assumption that farmers behave as rational economic agents, decision-makers can fine-tune the policy
design to properly address or even make use of these behavioural mechanisms and cognitive biases (Dessart et
al., 2019). This is particularly relevant for the increasingly prominent and diverse set of instruments in the second
pillar of the CAP, because the carefully designed decision context is essential for the effectiveness of voluntary
measures, such as the incentives to adopt agri-environmental practices or risk management tools (Thoyer and
Preget, 2019). In addition, behavioural parameters from such experiments can be used to fine-tune predictions in
the simulation models as well (Colen et al., 2016).

Examples of tools

Despite the evident potential of experimental economics, as outlined in the previous text, during the data collection
on tools, no MSs reported using or planning to use experimental economics in either the design or implementation
phases of their CSPs. The fact that no MSs reported using or planning to use experimental economics could point
to a lack of awareness or expertise in these tools, or only used as circumstantial/indirect evidence when designing
measures. However, as noted above, since experimental economics is common in other policy domains (e.g.
education and development) this could suggest that MSs prefer using more established, non-experimental methods
for CSP design and implementation. For example, since some experimental economic methods (e.g. lab
experiments) often involve decontextualisation, MSs could be concerned that the lack of context could fail to
accurately represent the real-world complexities involved in agricultural policymaking (Samson, 2017). Furthermore,
concerns around external validity could also limit their use (e.g. findings from RCTs or quasi-experimental methods
conducted in one context with a given set of treatment and control groups might not be generalisable to other
contexts). Nevertheless, there appears to be a gap between the available tools and methodologies in experimental
economics and their practical application.

Experimental approaches can expand and complement the existing CAP toolset for supporting evidence-based
decision-making in at least three ways (Colen et al., 2016; Lefebvre et al., 2021). Firstly, the controlled setting and
randomized assignment of participants enable a robust and verifiable assessment of the causality in both ex-ante
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and ex-post evaluations. Experiments can thus help decision-makers to understand if a particular policy intervention
provides measurable net impacts as well as to justify the public spending. Secondly, experimental approaches can
be used for pre-testing policy measures in order to anticipate farmers’ reactions to policy changes or their compliance
to new regulations. The gathered data can also reveal the potential heterogeneity of the responses and reasons for
it. Finally, economic experiments have been extensively used for discerning the role that behavioural factors, such
as perceived risks, resistance to change and social norms, play in particular decision contexts. By relaxing the
neoclassical assumption that farmers behave as rational economic agents, decision-makers can fine-tune the policy
design to properly address or even make use of these behavioural mechanisms and cognitive biases (Dessart et
al., 2019). This is particularly relevant for the increasingly prominent and diverse set of instruments in the second
pillar of the CAP, because the carefully designed decision context is essential for the effectiveness of voluntary
measures, such as the incentives to adopt agri-environmental practices or risk management tools (Thoyer and
Preget, 2019). In addition, behavioural parameters from such experiments can be used to fine-tune predictions in
the simulation models as well (Colen et al., 2016).

Economic experiments can thus be applied for evaluations of several specific objectives both at the design and
evaluation phase of the policy cycle. However, they represent a relatively novel set of CAP evaluation tools (Lefebvre
et al., 2021). Most studies have been conducted in academia and there have been some recent applications in the
studies conducted by the EC (e.g. Dessart et al., 2021). On the other hand, there is currently limited experience with
their use on the MS level. Based on our inventory, none of these tools were used by the MSs in the preparation of
the SPs. That is why we did not carry out the evaluation below.

In academia, most applications have been in the field of agri-environment (Barreiro-Hurle et al., 2023; Schulze et
al., 2023; Thomas et al., 2019). However, other aspects, such as knowledge transfer and information-sharing (Alif
et al, 2024; Chabé-Ferret et al., 2023, 2019), and risk management and preferences (Finger et al., 2023) have been
researched as well. Discrete choice experiments have been widely used to study farmers’ preferences towards
various aspects of agri-environmental prescriptions and contract designs as well as for pre-testing their response to
novel measures (Schulze et al., 2023). First applications of this method in the EU’s agri-environmental policy context
started during the 2007-2013 programming period (e.g. Espinosa-Goded et al., 2010) and have been increasingly
used during the later periods. By contrast, lab and field experiments, and RCTs have been so far relatively rarely
used for studying farmer behaviour in the EU and for evaluating the CAP interventions in particular. Most of the
existing research was conducted during the past programming period (CAP 2014-2020). Some experiments were
also conducted as ex-ante evaluations of farmer behaviour for the interventions proposed in the current programming
period, notably on the farmers’ response and compliance with the CAP mandatory and voluntary measures (e.g.
Thomas et al., 2019).

7.2.3. Farmer-used modeling tools

End-users for the tools under consideration are mainly public entities (e.g., policymakers at national or EU
institutions). However, there is a need for small-scale tools that can be used directly by the end-users of the CAP
(i.e., farmers) to help them to be aware of their behaviour and support decision making.

One exception described in the current analysis is the small-scale Eco-Scheme Farm simulation tool in the
Netherlands. By opting for a multiple points system, the Dutch government has introduced a results-based reward
system for ecosystem services (Jongeneel et al., 2023). In this simulation tool, farmers are (also) the end-users to
test different choices before they make their final decisions on which eco-scheme to apply for and implement
(Appendix 2).

Another example is the Annual Nutrient Cycle Assessment (ANCA) tool in the Netherlands, which is a software tool
describing the complete nutrient flow of nitrogen, phosphorus and carbon on a farm, including an LCA analysis.
ANCA yields a number of key figures that farmers can use to justify their business operations to governments or
processors, and to optimize their farm management. For governments, ANCA offers an opportunity to partly replace
generic legislation by customization. Moreover, processors (e.g. for dairy or meat) can utilize results of ANCA to
give insight in sustainability performance to consumers (De Vries et al., 2020).

Furthermore, a digital farm book is a farm-level tool that will allow farmers to monitor, among others, input use. In
Spain its use will become compulsory from 2025 onwards. The digital farm book allows digital sharing of mandatory
information requested, i.e. for the Integrated Administration and Control System (IACS) e-declarations, as well as a
more detailed tracking of farm operations and use of fertilisers and pesticides, and water consumption. A Geographic
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Information System (GIS) connected to the digital farm book integrates data streams derived from various sources
(e.g., earth observation services, in-situ detection networks, and farm-level data). The digital farm book also allows
cooperative members (farmers) and their advisors to monitor in real-time their performance in terms of fertiliser use
and phytosanitary products, as well as the implementation of sustainable practices (eco-schemes) set within the
new CAP (Van Asseldonk et al., 2024).

7.2.4. Other small-scale simulation tools: Equilibrium Displacement Modelling

Equilibrium Displacement Models (EDMs) are partial-equilibrium models which provide a simplified and stylized
representation of a sectoral (related) market-setting (Wohlgenant, 1993). This market-setting, which corresponds to
an equilibrium situation, is represented by means of the demand and supply curves of a specific commodity. EDMs
make use of demand and supply elasticities to describe the relations between changes in the quantity demanded or
quantity supplied and the price of a commodity (e.g. supply elasticity, own-price elasticity of demand, cross-price
elasticities of demand). In the EDM context, ‘markets’ are broadly defined, i.e. they can be equivalent to a region,
good, etc.

Taking as a starting point the equilibrium determined at the intersection of the supply and demand curves of the
commodity under consideration, the objective of an EDM is to simulate the potential transition of the market into a
‘new’ equilibrium. This new equilibrium position is caused by ‘shifts’ in the supply or/and demand curves related to
an exogenous shock, e.g. changes in consumer preferences motivated by a media campaign that leads to an
increase in the demand of a given commodity since it is now perceived as a ‘healthy’ item. Focusing on the supply
side, climate change, government policies and other regulations are considered to be exogenous shocks that
provoke a movement of the supply curve (Pathiraja et al., 2017). From a theoretical point of view, the EDM approach
assumes a competitive structure of the market (Pathiraja et al., op.cit.).

Drawing attention to the advantages of this modelling approach, EDMs allow us to capture the most essential market
relations of the problem under consideration by means of a reduced number of equations. In other words, EDMs are
not ‘data-hungry’ in the sense that they can be set up using a limited amount of information, i.e. base year
(equilibrium) data on price and quantities and elasticities.3® EDMs are also able to deliver commodity-specific
insights, being suitable for scenario simulation and sensitivity analysis. In terms of their operationalisation, EDMs
can easily be set up in MS Excel or by means of any other optimization software like GAMS. Overall, EDMs are
much more flexible than large-scale sectoral tools, and constitute a useful approach to model very specific aspects
which often escape the attention of large-scale tools.

Moving onto the limitations, an important characteristic of the EDM approach is that it relies on the assumption of
continuous functions. Therefore, the estimated results for price, quantity and economic surplus changes are accurate
when the true demand and supply functions are linear. In other words, EDMs perform well in those cases where the
shift of the curves is parallel and the exogenous shift is small (Pathiraja et al., 2017). This means that the estimates
from linear approximations will likely include error. These errors are minor when exogenous changes are small,
keeping the estimates close to their true values. This concern has also been discussed by Wohlgenant (1993). More
specifically, Piggott (1992) indicates that in the case of small (10% or less) exogenous shocks, the first-order
approximation effects calculated by means of an EDM are likely to be close to the “true” effects. In short, EDMs are
recommended to simulate ‘small’ shocks, e.g. the introduction of a new tax that affects only a certain product, while
the simulation of ‘large shocks’ such as the reorganisation of all the tax/subsidies related to the mentioned market
would require a more detailed representation of the supply and demand curves. Another limitation of EDMs, which
is shared with any other partial equilibrium model, is that they cannot offer insights at the aggregate level.

Focusing on specific applications, Jongeneel et al. (2017) simulates some potential developments of the EU-28
sugar beet sector after the abolition of the EU sugar quota. The objective of the EDM proposed by Jongeneel et al.
(op. cit.) is to maximize the sum of the quasi-rents across all the EU producing countries and the EU-wide consumer
surplus, plus any potential scarcity rent created by the quota regime. This EDM is set up in both GAMS and R and
includes stochastic simulations. Looking at the impacts of the 2018 Asian Swine Fever outbreak in East Asia,
Jongeneel et al. (2020) simulate alternative recovery pathways for the pig sector. This study relies on a combination
of EDM and AGMEMOD simulations in order to provide results at EU and global levels to 2030. The simulated
results point to a short to medium-term expansion of production capacity in response to higher market prices. More

3 Demand and supply functions are calibrated. Therefore, there is no need to econometrically estimate supply and
demand curves which would require long time series.
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recently, Bremmer et al. (2021) also relies on the EDM approach to examine the impact of the Farm-to-Fork Strategy
in the case of commodities such as potatoes, wine, olives and hops.

In the context of Tools4CAP, EDMs could make an important contribution to address the following issues:

= Measurement of vertical relationships. EDMs are useful to examine supply chain phenomena, including
labelling of products, advertisement campaigns and the value this can attribute to agricultural production,
preference for organic products, etc. (see Terluin et al., 2012 for an application).

= Measurement of horizontal relationships. In this case, it is important to consider specific substitution
relationships and interactions with other sectors. EDMs might be relevant to model circularity aspects,
together with vertical relationships. These tools are also helpful to represent farm collaboration via producer
groups and to asses issues regarding the (ab)use of market power, as well as the role of ‘spatial
competition’-issues.

= Modelling the contribution of inputs to the production process, e.qg. different fertilizer types and energy inputs
(Brexter et al. (2023), Chapter 2).

= Assessing the economic value of innovations, e.g. technological progress, including new genetic techniques
and growth promotors.

= Analysis of impacts of regulatory measures (e.g. taxes or incentive payments) which can create price
wedges. For this type of assessment, Brexter et al. (2023) is a key reference for exploring the topic and
developing further applications.

When involving large-scale or small-scale modelling tools in an analysis, end-users should keep in mind that these
tools (as any other methodological approach) have limitations related to their underlying assumptions. These
limitations bring further uncertainty into the analysis and should be kept in mind when interpreting/discussing the
outcomes delivered by the tools.

Focusing on large-scale modelling tools, an issue that deserves further consideration is the treatment of world market
prices. It could be the case that the implementation of policy interventions at MS level leads to changes in world
market prices. This can be expected when the mentioned MS is an important player at global level, i.e. a large
exporter or importer in the international market. Given the case that there is some transmission between world
market prices and prices at national level, not acknowledging this could lead to overestimation or underestimation
of the impacts.® Therefore, when possible, it is important to consider world market prices ‘endogenously
determined’.

Drawing attention to small-scale models, an important issue that is sometimes not properly captured is the pathway
at which measures (or technologies) are adopted. In the case of the 2023-27 CAP, some controversy has emerged
related to the participation of farmers in national eco-schemes, in relation to which payments had to be adjusted in
some MSs due to a number of applications exceeding the expected number at the time of its design.®® A similar
issue could emerge in the case of other agri-environmental measures, e.g. a voluntary buy-out scheme to favour
the abandonment of environmentally harmful practices, in which it is challenging for a priori policy-makers to
anticipate the number of participating farmers. Farmer behaviour is inherently difficult to assess, and the impacts of
the intervention at individual level depend on the collective behaviour. How then do we tailor small-scale tools to
provide meaningful outcomes? The solution is to have tools that include participation rates as an explanatory factor
of the policy intervention. Here, the experience gained in other MSs regarding the development and use of small-
scale (and very specific) modelling tools, such as the Dutch eco-scheme farm simulation tool, could provide
inspiration for end-users in other MSs.

32 Bremmer et al. (2021) point at this as a potential factor that could have led to some overestimation of the trade and
indirect land use impacts identified in their analysis.
33 The opposite case is also possible, as it has happened in Germany (Euroactive, 2023).
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The increasing complexity of policies affecting the agri-food sector, which are often of a multi-dimensional nature,
i.e. involving economic, environmental and social elements at the same time, requires new approaches to support
evidence-based policy-making (Erjavec and Rac, 2023; Haniotis, 2023; Just, 2023). In other words, we have recently
observed a transition from narrow research/policy questions towards more broader ones. At conceptual level, this
reflects the food system approach that is becoming the fundamental framework for analysing the dynamics of the
agri-food sector when considering it from a broad perspective (HLPE, 2017; Hoes et al., 2019).

From a practical point of view, it is also important to emphasise that often the policy-design process faces two
constraints: (i) Constraint 1 - limited budgets and short deadlines; and (iij) Constraint 2 - trade-offs between
objectives, as well as other choices to make regarding the instruments and interventions that could be used. When
Constraint 1 emerges, it could be the case that some tools that are labour/time intensive get ‘disqualified’ as a
candidate for providing evidence-based insights. This could happen even if they captured the indicators that are the
focus of the analysis.®* Constraint 2 relates to the actual coverage of the tools that are used for conducting the
analysis, it being important that the policy tools, target indicators and trade-off between variables are properly
represented within the modelling tool. Overall, Constraint 1 is related to the requirements of the tool at operational
level, while Constraint 2 is related to the characteristics of the policy intervention under consideration and its
conceptual representation.

These constraints or challenges related to the modelling process are closely tied to the notion of ‘fit-for-purpose’
proposed by Hamilton et al. (2022). More specifically, these authors consider ‘fit-for-purpose environmental
modelling’ as the modelling exercise that ‘falls’ under the intersecting space of three elements: usability, reliability
and feasibility. According to Hamilton et al. (2022), models should respond to end-users’ needs (usability), guarantee
a sufficient level of certainty or trust (reliability), while being able to produce the relevant outcomes within the practical
constraints of the assignment (feasibility). In practice, the latter constitutes an important limitation for constantly
extending a given tool with the ‘naive’ thought of developing ‘the ultimate tool that can do it all’.

Drawing attention to the findings of this deliverable, for example Chapter 2 on economic sustainability has already
highlighted the potential synergies/complementarities between tools of a different scale. Let us assume that we are
interested in analysing the potential effects on redistribution between farm types (only captured by small-scale
models) of an intervention at sectoral level (which can only be assessed by means of large-scale tools, e.g. the
implementation of a trade agreement). In this case, only the collaboration of two models is a useful approach.

Moreover, the gap analysis conducted in Chapters 2-4 has pointed out many indicators that are important for the
assessment the CAP, although they are not covered by individual tools. For example, gender equality, animal
welfare, region remoteness, adoption of biocontrols, and use of veterinarian antimicrobials.

Therefore, the end-users of the CAP would need an alternative approach that permits them to ex-ante assess the
potential implications of those tools aiming at achieving progress regarding all SOs included in the CAP framework.
Hence, model users could opt for improving/extending the current capacities of the tools. Alternatively, connecting
or redesigning tools in a modular way permits several tools to cooperate and deliver more comprehensive forward-
looking insights than those provided by a single tool on its own. This second approach was already introduced in
the SUPREMA (Support for Policy Relevant Modelling of Agriculture) project under the label ‘integrated modelling
use’.® However, this concept has been already elaborated on in the literature for quite some time. For example,
Wicke et al. (2015) indicates that model collaboration can improve the quality of information available for policy-
makers and contribute to better-informed decision-making.

The experience of SUPREMA in which some harmonisation and model comparison took place (Bogonos et al.,
2020) has also led to the identification of synergies between models and possible valuable links between modelling
tools. More specifically, the modelling system AGMEMOD-MITERRA was developed in the course of this project in
order to generate a ‘tool’ that translates the market dynamics of selected agricultural commodities into the relevant
environmental impacts (Jongeneel et al., 2020). Subsequently, the tool AGMEMOD-MITERRA was used to simulate
two CAP scenarios, which were also modelled by means of CAPRI. Comparing the outcomes of the two tools

34 This is equivalent to the concept of ‘feasibility’ that is used in the fit-for-purpose’ framework proposed by Hamilton
etal. (2022).
3% The reader is referred to the SUPREMA Roadmap which is available at:
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confirmed that model cross-validation is important to assess the credibility of modelling results. Overall, cross-
validation can take place in different ways (e.g. market expert assessments, statistical tests, client feedback,
academic and professional review processes).

In general terms, SUPREMA focused on illustrating the advantages of developing model linkages between tools
from different domains, i.e. connecting agricultural models with a market focus to biophysical models simulating
environmental aspects. Against this background, Tools4CAP aims at going one step further, demonstrating the
potential of linking a large-scale tool (with sectoral detail) with a small-scale tool (with farm level detail) in order to
downscale sectoral impacts. At this stage, model users intending to pursue ‘integrated modelling use’ or any other
type of collaboration between models might wonder how to bring this into practice. A useful contribution in this regard
is Gonzalez-Martinez and Jongeneel (forthcoming) who present an overview of the existing literature in order to
make an inventory of previous cases in which several tools were used together for a common purpose. In particular,
examples of model comparison, model ensembles, model harmonisation and integrated modelling use are provided.
This contribution also introduces the concept ‘Multi-Model Analysis for Policy (MMA4P) and presents a conceptual
framework to guide the process of establishing a collaboration (of any sort) between models.

The contribution of tools to provide insight into the achievement of EU-wide targets is also another element that
should encourage end-users to apply large-scale models with EU-coverage. For an illustration, we refer to the
achievement of climate neutrality by 2050. In this case, MSs are expected to take individual actions to curb GHG
emissions, which will eventually lead to the intended climate neutrality. Since the ambition, the overall intended
reduction and the measures depend on the particular circumstances of each MSs and are quite heterogenous,
having consistent frameworks that permit us to assess joint progress measuring individual actions in terms of the
same criteria is paramount.

The importance of quantitative tools for evidence-based policy-making also comes from the need to support policy-
making with forward-looking insights. This relates to the need for anticipation and the time horizon that are required
in some cases for a smooth transition towards a more sustainable path.

Some further discussion on the application of tools at MS level is also due. Firstly, we elaborate on the practicalities
of their implementation. Secondly, we elaborate on some conceptual aspects that can limit their use.

When thinking of using a tool, particularly one that has not been developed by the specific MS whose end-users
would like to apply it, it is often the case that the idea is abandoned for the simple reason that there are no internal
resources qualified to use it. Under these circumstances, end-users could commission a project to hire the research
team operating the tool and benefit from their experience in conducting assessments for other MSs or looking at
other interventions. Alternatively, when end-users are highly committed to using a tool, some capacity building
activities could be carried out at national level. More specifically, it is possible to join the AGMEMOD consortium by
signing a Memorandum of Understanding and attending the relevant training courses. Similarly, it is also possible to
join the CAPRI network and enrol in its training sessions.

From a conceptual point of view, a proper representation of local aspects is important, particularly when there are
specific objectives at this level. For example, one could easily imagine that farmers located in environmental or
biodiversity hotspots might face different objectives than those that are located further away. Water quality is also
an important aspect that should be considered when assessing the impacts of farming activities. Although there are
some nationally averaged nitrate concentration indicators,* having a better understanding of nitrate surpluses at
local level is key to design more targeted policy measures. Small-scale tools such as FARMDYN can make a
contribution in this regard. Moreover, when designing agricultural policy interventions, water availability is also
another element that has an important local component which should not be ignored. This is particularly important
in the case of large MSs with large regional disparities such as Spain. This creates some room for the cooperation

36 See, also:
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between agricultural models at sector level and much more detailed hydrological models which capture the
conditions at regional or local level.

In the same way that this deliverable has relied on the outcomes of the work carried out in the context of WP1 -
State-of-the-art conceptualisation, inventory and evaluation, we should think of how this piece of work (as well as
WP2 as a whole) could deliver meaningful insights to other work packages of the Tools4CAP project.

Firstly, the outcomes of this analysis should be considered as ‘food for thought' for the case studies that will be
carried out later in this project. Some ideas are listed as follows: (i) selecting the tools to be applied in the case
studies based on the strength/limitations derived from the present analysis; (ii) further improve the existing tools to
deliver additional indicators not currently covered; and (iii) exploring synergies between tools, e.g. the collaboration
between a large-scale (sectoral) tool with a small-scale (farm) tool.

Secondly, the framework of analysis that has been used for assessing to which extent the selected tools are already
including key CAP indicators, and more specifically, the gaps that have been identified could serve as the starting
point for identifying priorities for future data collection efforts. In other words, data collection technologies should
target ‘indicator gaps’ that are caused by a lack of data in the existing statistics. More generally speaking, data
collection technologies and tools should align to some extent, so that data collection meet support model input
requirements.

Finally, the understanding gained in this project regarding participatory approaches could also help us to identify
additional challenges and priorities for decision-making, allowing us to fine-tune/revise our framework and rethink
about the way we use the available tools and how modelling tools and participatory approached could be integrated.
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8. Conclusions

The present analysis has permitted us to make an overall assessment on how the tools selected in WP1 are fit for
the purpose of measuring the potential impacts of CAP measures in terms of the SOs. Overall, the tools are
reasonably well-equipped to capture economic aspects which have a longer tradition within the CAP. However, the
representation of some environmental indicators and social aspects in general is very limited. More specifically, the
following conclusions can be drawn:

Small-scale tools are in general well-equipped to simulate or optimise the level of farm income. However,
risk and the use of risk management tools are important aspects currently excluded from most tools
regardless their size.

Indicators providing information on farmers’ position in the supply chain constitute an area for further
development, since the existing tools currently do not permit the calculation of concentration ratios. Other
key indicators, such the share of farm output sold as organic, are only captured by means of two small-
scale indicators.

Indicators to report on GHGs emissions per hectare are delivered by most of the tools under consideration.
In contrast, the delivery of indicators on the use of renewable energy per farm remains a challenge for both
set of tools.

When thinking of assessing the impacts on soil, some models include N and P balances. However,
indicators measuring N and P use efficiency, or the use of precision farming technologies, are very limited.
As regards the emissions of ammonia (important for biodiversity preservation), only one of the modelling
tools considered is modelling this. Given the large financial and farm management impacts that reductions
in e.g. nitrate surpluses can have, improvements in modelling in this regard are urgent (Jongeneel et al.,
2023). This is even more pressing as established direct measurement methods are still lacking and thus
there is a strong reliance on modelling to check and assess performance.

Also on-farm dashboard tools could model ammonia and GHG emissions. Their importance can hardly be
overstressed, as they are crucial tools to help farmers to manage their farms in a sustainable way (see, also
Jongeneel et al. (2023) for further reflections in the case of the dairy sector). Moreover, they could well be
tools that have indicators that could be linked to future incentive policies remunerating farmers for good
performance or punishing them in case of bad performance. Also here the argument made above holds that
such tools play an important role as direct emission measurement systems, especially according to a whole
farm approach, while accounting for relevant farm management options, are not yet available, even though
there are many innovations coming (e.g. the use of sensors and farm management action securing
technology).

Indicators on biodiversity and enhanced eco-system services are currently extremely limited in the case of
both large-scale and small-scale models. Currently only CAPRI includes a farm bird index, as well as an
indicator on the presence of high nature value farming. The participation of farmers in agri-environmental
schemes can only be assessed in the case of Germany by means of FARMIS.

Small-scale tools provide a better representation of the social dimension in comparison to the selected
large-scale tools, although both types of tools are more detailed with respect to economic and environmental
sustainability indicators.

There are concerns regarding the appropriateness accuracy of some social indicators, e.g. the intention of
succession. Furthermore, for some of the selected models, specific indicators such as N-efficiency were
missing. Including this type of indicators are key in order to carry out sustainability-oriented policy making.
Hence, there are cases where some of the existing tools need to be fed with insights delivered by
complementary tools that provide additional information to calibrate/fine-tune the conventional model on
this specific aspect. An illustration of this principle is presented in Lesschen et al. (2020). More specifically,
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in this study several forward-looking scenarios were simulated by means of the modelling system
AGMEMOD-INITIATOR, as well as a linear programming model representing the policy constraints in which
agriculture has to take place.

A more general observation concerns the way models capture farmer behaviour. On the one hand several
models assume farmers maximize profits (the classical way). A smaller number of models take into account
the risk preferences of farmers. But there are broader behavioural issues (e.g. the loss-aversion
phenomenon identified by behavioural economics). On the other hand, there are environmental/agronomic
models, which often have a very poor treatment of farmer behaviour (e.g. MITERRA) but are used for
simulating policy changes by implementing an exogenous shift in certain key variables. As adoption
behaviour (e.g. eco-schemes, AECMs) and their compliance behaviour with respect to regulatory
requirements become more important, paying more attention to the drivers of farm behaviour needs
attention. The FARMDYN model is a tool which allows a more broad representation of farmer behaviour,
but then the challenge is to specify this behaviour in a way that reflects the empirical reality.

Based on the current analysis, we draw the following key recommendations for improving the methodological
guidelines and scoping the Tools4CAP case studies:

The organisations collaborating in developing the tools considered in this review could improve or extend
(parts) of the selected models, with respect to both policy representation as well as estimates used in the
tools.

Models can be used in a combined way to increase coverage of issues. This holds for integrating biophysical
and economic models, as well as micro and (meso) sectoral models. An obvious candidate for model
collaboration is the case where sector models provide market signals (prices), which are used by farm level
models as an input, and farm models simulate changes in famer behaviour in response to, say inventive
and regulatory policy changes at farm level, conditional on the (future) market conditions as provided by the
sector models. Moreover, those aspects which are not addressed in the case of large-scale tools but
properly represented in the case of small-scale tools (and vice versa) create room for potential modelling
linkages. As an example of this we refer to structural change, which is often captured by means of a trend
in the case of large-scale tools.

There is a need to improve data collection with respect to trade, value added, sustainability (e.g. precision
agriculture), as well as bio-economy aspects. It would be useful to have a better link of simulation models
with the data that are used for monitoring and evaluation.

There is a need for improvement in access to (EU-wide) large-scale tools, including appropriate training.
Currently, MSs do not often use these tools due to lack of capacity to operate the tool at national level.

There is a need for small-scale tools that can be used directly by the end-users of the CAP (i.e., farmers) in
order to help them to be aware of their behaviour and support decision making. As an illustration of this type
of tools, we refer to the Eco-scheme farm simulation tool and ANCA tool both in the Netherlands and the
Digital Farm Book which will be implemented in Spain from 2025 onwards.
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Appendix 1: Analytical framework per SO
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Figure 13. Scheme of the analytical framework for SO3

Result Indicators
S03: i "'

Improve farmers’ 10 — Better Supply Chain Organisation
position in the

value chain

R.
R.11 — Concentration of supply

Judgment criteria

~

Share of marketed organic production is
expected to increase
ﬁa Share of marketed production by POs and
Fcfors.of success ——> other forms of farmers organisations
supported can xpected to increase
The quality of the supported farms
production can be expected 10 improve

% J/

Source: European Commission et al. (2023)

Figure 14. Scheme of the analytical framework for SO4
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Figure 15. Scheme of the analytical framework for SO5
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Figure 17. Scheme of the analytical framework for SO7
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Figure 18. Scheme of the analytical framework for SO8
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Figure 20. Scheme of the analytical framework for CCO
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Appendix 2: Selected model applications

Table 7. Model applications

Short name of the
application

Large-scale tools

Medium-term  outlook  for
agrifood markets at MS level

Climate scenarios for Dutch

AGMEMOD Agriculture

Update of DE and NL models
with  CAP implementation

3 according to their National
Strategic Plans

EUCLIMIT projects

CAPRI

Economic and Environmental
impacts of the Green Deal on
the Agricultural Economy

Yearly
project
since
early
2000s

2020

2023

Series of
projects
(currently
#7) since
2011

2021

End-user
(e.g.
Ministry,
paying

agency, DG
AGRI, etc.)

JRC/DG
AGRI

LNV

JRC/DG
AGRI

DG CLIMA

OVID elV.
(Grain Club),
Berlin

Description of the application, including key outcomes (5 sentences max)

On a yearly basis, the AGMEMOD consortium supports DG AGRI with the preparation of the
medium-term outlook for agri-food commodities. The contribution of the AGMEMOD teams varies
from year to year, but in general terms, the team delivers 10-year ahead market projections at
MS level for selected commaodities. For example, in its 2023 edition, the focus was on the following
commodities: apples, tomatoes, peaches and nectarines.

In combination with the INITIATOR model, AGMEMOD was used to simulate a series of scenarios
to explore different transition pathways for Dutch agriculture. The simulated outcomes covered
the 2020-2050 period. One of the key outcomes of this project is that limiting livestock numbers
and afforestation are key to meet climate and environmental goals. Apart from that, the study
finds that reducing the size of the livestock sector lead to limited adjustments in prices. Another
important finding is that the trade position of Dutch agriculture could change when pursuing
climate goals.

As part of this assignment, the German and Dutch country models of AGMEMOD were updated
to reflect the CAP Strategic Plans of the corresponding MSs. This update covered financial and
policy data, implementation of the eco-schemes. In the course of this project, the representation
of the dairy sector in NL was also updated in order to better reflect the post-quota reality of the
market.

In a modelling ensemble together with GEM-E3, PRIMES, GAINS, GLOBIOM, CAPRI provides
projections for EU agriculture that feed into detailed GHG assessments in GAINS. The most
important outcomes are details on the livestock sector evolution and fertiliser use. THe projection
horizon has been extended to 2070, reling on inputs from GLOBIOM. The most common
application is a reference run incorporating the relevant policies of the time, but sometimes
alternative scenarios are also prepared like the "lifestyle” sceanrio for a recent impact assessment
of CTP 2040.

The study assessed the effects of the F2F strategy on EU agriculture with a particular focus on
Germany. Impacts from pursuing the key targets of the F2F strategy on mineral fertilizer, pesticide
use, N-balance surplus, ecological conservation areas, and organic farming were analysed in
terms of environmental indicators, market results, income effects on relevant socio-economic
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See, pages 46-48 as an example of the
contribution of the AGMEMOD team to the
EC medium-term outlook. Available at:
https://agriculture.ec.europa.eu/data-and-
analysis/markets/outlook/medium-term_en

https://www.sciencedirect.com/science/articl
e/pii/S0264837721001113

Internal report. Not available online

(1) 2020 Reference run publication:
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(2) 2024 Impact assessment on Europe's
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e02ba09facal en
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groups (farmers, agribusiness and consumers), supplemented by sensitivity analyses on relevant
economic framework conditions (demand, trade policy, economic growth, carbon price).

The SUPREMA project extended CAPRI's capacity to cover LULUCF effects from Europe to the
global scale. Under task 3.3 CAPRI was used in parallel to MAGNET and GLOBIOM to assess
the GHG mitigation potential of the EU’s agricultural sector and related environmental, economic,
socio-economic impacts while assuming different levels of GHG mitigation efforts outside the EU.

Modelling and analysis of greenhouse gas emissions and removals from land use, agriculture,
and bioenergy production using GLOBIOM.

GLOBIOM provided scenarios assessing the impact of implementing shocks to fuel demand in
the United States. The shocks increase US demand for corn ethanol, soybean biodiesel, or both
by 1 billion gallons. The results were then compared to a baseline without increased biofuel
consumption to calculate the impacts of such shocks regarding emissions, land use, and market
impacts, among others.

GLOBIOM examined the impacts of forward-looking socioeconomic trends, climate change, and
environmental policies to quantify the financial risks and opportunities most material to the biggest
livestock companies under three IPCC global warming scenarios, supplemented by data from the
latest company disclosures. The tool provides insights into climate risk in 2030 and 2050.

Within the PATHWAY'S project, the macroeconomic impact of livestock innovation at EU and MS
will be assessed using the MAGNET model. The circular economy module in MAGNET will be
extended by adding key material flows such as manure, connecting livestock sectors with crop
sectors and the use of food loss and waste (from producers, food processing, retail and food
service sectors) as new sources of animal feed.

FOODCoST provides an analytical toolbox to experiment, analyse, and navigate the
internalisation of externalities through policies and business strategies providing tools and
guidance to policy makers and businesses to assess the sustainability impact of their
internalisation actions. MAGNET CGE model is an important element in the FoodCost integrated
toolbox as it can provide a broader macroeconomic assessment of the impact of policies effective
in internalizing externalities.

BATMODEL is organized around 7 topic focussed work packages each combing econometric
and at least one simulation models included in the project (CAPRI, CGEbox, MAGNET, MIRAGE).
Firstly, MAGNET contributes to an ex-ante framework for well-being assessment, moving away
from a consumption-based assessment of trade agreements. Secondly, MAGNET contributes to
an improved database of the increasingly complex international trade network. Finally, the
MAGNET team contributes to the development of open-source BATMODULES that make the
BATMODEL model developments available for wider use.

Deliverable D3.2. reports on the outcomes of simulating two medium-term scenarios (covering
the period to 2050) to explore different aspects of agricultural policy. The first scenario focuses
on a further greening of the CAP, while the second one concentrates on analysing the potential
consequences of reducing meat consumption in the EU. The outcomes of the AGMEMOD-
MITERRA modelling system are compared with the results generated by the CAPRI model for
both scenarios.
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This study quantifies the bioenergy potential from intensifying temporary grasslands in Europe
and the integral greenhouse gas emission effects in 2030. More specifically, MITERRA-Europe
is used to assess the impacts of implementing the key intensification option of using multi-species
grass mixtures. The results showed that 853 kha (or 8%) of temporary grassland could be made
sustainably available for additional biomass production.

The modelling system AGMEMOD-MITERRA will be used in this project to simulate the potential
consequences of reducing fertiliser application (in accordance with the F2F Strategy), rising
fertiliser prices and reducing meat consumption. While AGMEMOD will deliver information
regarding market impacts, MITERRA will focus on the environmental consequences of the the
mentioned market developments.

For the implementation of the eco-schemes, the Netherlands has developed a menu- points-
system. This simulation tool can assist farmers to test different choices before they make their
final decisions.

In order to support the authorities in the policy-making process, an analysis was carried out of the
objectives, needs and challenges for the Netherlands’ agriculture, the effectiveness and cost
effectiveness of available interventions, policy options and the economic, ecological and social
impact of those options.

This study examines the potential effects of the transition on the direct payments that farmers will
receive. Attention is devoted to the consequences for various farm types as well as to farm size
or production intensity. In addition, the study takes into account the fact that various scenarios
are possible for the implementation of the new policy.

Comparative study on direct (negative) income effects resulting from transition from the current
historical determined arm payments to a system of uniform payments per hectare.

Based on the objectives of the Dutch National Rural Area Program (NPLG) with respect to
ammonia, biodiversity, water and climate, packages of measures have been determined and
applied at farm level, which should help to achieve ambitious emission reductions. The
environmental, climate impacts and economic impacts at farm level have been simulated using
the FARMDYN model.

To stimulate transition to more circular agriculture practices, the model toolbox (including
FARMDYN) was applied to assess the economic and environmental impacts of a tax on N from
mineral fertiliser on a representative Dutch dairy and arable farm.

This study assesses the potential economic and environmental impacts of these two policies
affecting legume production. The bio-economic model FarmDyn is applied, representing French
and German dairy farms. The results suggest that relatively low levels of coupled support can
lead to modest increases in legume production, but that more substantial changes require
considerable subsidies.
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This paper examines the challenges that might be faced by dairy producers over the next ten
years, i.e. trade policy reform, other market developments, changes in input costs, etc. It
examines the present competitive position of the dairy sector in a number of EU MSs. Milk price
and input cost projections are developed using the FAPRI-Ireland, FAPRI EU GOLD model and
FADN data on farm level costs. The results suggest that the phasing out of export subsidies, a
reduction in import tariffs for dairy products and rising input costs would have serious ramifications
for the viability of dairy farming across the EU.

As part of this project, the FAPRI-Ireland farm level policy modelling framework has been used to
assess how competitiveness may evolve in the future under baseline and alternative policy
scenarios. Involvement with stakeholders was incorporated through the Teagasc Brexit working
group. The definition of the scenario to be examined was guided by the working group and defined
as a Brexit scenario whereby a Trade Liberalisation (TL) policy is to be adopted by the UK, in
which the UK reduces tariff rates by 50% across the board.

A baseline and scenario analysis was conducted on the impact of a No Deal Brexit on incomes
on a per farm basis for the main systems of farming in Ireland. This analysis assisted the DAFM
to determine the potential impact of alternative Brexit outcomes on the incomes across farming
systems in Ireland. The farm level Brexit impact assessment carried out using Teagasc NFS data
was based on the projected input and output price levels from the FAPRI-Ireland aggregate
model. The changes in output prices received by farmers and changes to the prices of input
purchased by farmers were reflected in changes in Family Farm Income.

This article presents the outcomes of simulating of a policy scenario encouraging permanent
grassland usage on farms in Wales, Germany and Switzerland, through the FARMIS agri-sector
model. Uptake of extensive grassland management schemes is model-endogenous and depends
on (relative) profitability and farm-specific constraints such as potentials and costs of alternative
feed sources to compensate for lower grassland yields.

This report presents selected results of the Thiinen-Baseline 2022-2032, as well as the
assumptions underlying the projections. The Thinen-Baseline describes the expected
developments of agricultural markets under given macro-economic conditions assuming no
change in the current policy framework.

In this study several scenarios in which European consumers' diets approximate the EAT-Lancet
dietary recommendations to varying degrees were modelled. The scenarios were analysed with
different models from the Thinen Modelling network using the underlying baseline (Ref). To
account for the short-term effects in 2030, the modelling team applied the partial equilibrium
model CAPRI to determine price effects for European producers, considering a partial degree of
implementations of EAT-Lancet recommendations. Equilibrium prices from CAPRI are used to
illustrate the impact on farms specialising in certain production systems, using Germany as an
example, using the farm group model FARMIS. As the ambitious EAT-Lancet diet has been
developed as a target for a longer-term projection, the short-term analysis was supplemented by
output from the MAGNET model.
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Further to the description of the IFM-CAP model, this report presents an assessment of the
impacts of CAP on farm economic and environmental performance. More specifically, it shows
an application of the model to the assessment of the effects of the crop diversification measure.
The study concludes that most non-compliant farms (80 %) chose to reduce their level of non-
compliance following the introduction of the diversification measure owing to the sizable subsidy
reduction imposed. Overall, the simulation indicates that the impact on farm income is rather
limited.

The second version of the IFM-CAP model (IFM-CAP V.2) is presented in this report, which
provides a detailed description of the model regarding its design, mathematical structure, data
preparation, modelling livestock activities, allocation of input costs, representation of the CAP
(2013-2020) and calibration process. Examples of model outputs are also discussed.

The farm-level economic and environmental impacts of the post-2020 reform of the CAP are
examined by means of six scenarios. This set of scenarios explores different possibilities of
budget allocations to eco-schemes and the stringency of enhanced conditionality. Results
suggest that the CAP post-2020 can improve environmental performance but at a cost for farms.
Enhanced conditionality seems to be more important than eco-schemes when it comes to
delivering environ-mental improvements.

This study analyses the potential socio-economic effects of several source and nature restoration
measures included in the programme Nitrogen and Nature Improvement. In this study, a basic
version of the KOBALAMI model was used. Only impacts in terms of employment and value added
were provided.

This model-based scenario study quantifies the potential medium-term effects of the war in
Ukraine on agricultural markets (prices) and agricultural production and food consumption in the
Netherlands. Firstly, the AGMEMOD model is used to simulate a set of scenarios, whose
outcomes are subsequently used as input for the KOBALAMI model. Then, KOBALAMI provide
an assessment of the impacts along the Dutch supply chain (value added, employment). The
study concludes that direct consequences of the Ukraine war on production and consumption
volumes in the Dutch agri-food sector are limited despite the disruption to prices.

Four policy scenarios have been simulated in order to provide insight into the potential for
reducing greenhouse gas emissions from the agriculture and land use sector in 2035. The
economic analysis shows that the loss of net added value is larger in the case of the processing
industry than in the primary agricultural sector. The calculated scenarios also provide benefits, in
particular avoided environmental damage (1.6 to 2.8 billion euros per year). The net costs of the
measures (5.4 to 8.5 billion euros per year) do not outweigh the net benefits of avoided
environmental damage.

A very important emphasis was placed on the need to support policy decision-making through
impact assessment analysis with SiTFarm tool. Thus, it was intensively used to support the
preparation of the CAP strategic plan for Slovenia for the period 2023-2027. In addition, it was
used to analyse the impact of price-cost ratios on business economics, economics at the level of
certain types of farms, to assess various environmental indicators at farm and sector level. As
part of two projects, the model provided support for agricultural policy, primarily in the creation of
the CSP for Slovenia (Zgajnar et al., 2022a; Zgajnar and Zadnik Stirn, 2023), as well as the
evaluation of the final form of the CSP, which was accepted for implementation (Zgajnar et al.,
2023).
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The basic idea was to use it to set up a system for additional monitoring of Slovenian agriculture
and individual sectors (Zgajnar, 2022; Zgajnar and Kavéi§, 2022; Zgajnar et al., 2022b). A great
advantage of the tool (SiTFarm) is that it is possible to make sectoral analyses based on farm-
level results (the catalogue format). After conducting farm-level analysis, the tool allows us to
prepare an analysis at the level of either a selected sector or all of agriculture, based on the
obtained solutions (baseline situation) at the typical farms level. The results obtained in this way
can be judged from different viewpoints. What is particularly interesting is the results of individual
typical agricultural holdings, the differences between them within sectors, as well as between
sectors. Such an analysis offers the possibility of an interesting and fairly in-depth benchmark
between sectors, and additionally brings fresh insight into the structure of the entire aggregate in
the Slovenian area.

With the SiTFarm tool we made an exercise of assessing the effectiveness of production and
various possible strategies for farms by reducing risks (Bre¢ko and Zgajnar, 2022). At the same
time, we were also interested in the environmental impacts of such strategies. The latter was
measured using the indicator of GHG emissions. The approach was tested on medium size mixed
agricultural holding, which often faces challenges in light of the structural changes taking place in
Slovenia. Through this research, we concluded that diversification has a positive potential on a
mixed farm, and the farm could achieve better financial results. With flexibility in management,
the farmer could also achieve higher risk management efficiency and better farm results. Another
example where SiTFarm tool was applied was to analyse the impact of the introduction of nature
conservation measures (Alif et al., 2023), determine farm economic viability in a case of a
Slovenian Sub-Mediterranean region facing land abandonment.

Source: Tools4CAP 2023
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