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Abstract

How do agricultural policies in the EU need to change to increase the sustainability of livestock production, and what meas-
ures could encourage sustainable practices whilst minimising trade-offs? Addressing such questions is crucial to ensure
progress towards proclaimed targets whilst moving production levels to planetary boundaries. However, a lack of available
evidence on the impacts of recent policies hinders developments in this direction. In this review, we address this knowledge
gap, by collating and evaluating recent policy analyses, using three complementary frameworks. The review highlights that
recent policy reforms, and especially those of the Common Agricultural Policy, have had a large impact on the sustainability
of the livestock sector by contributing to intensification and simplification. This has often resulted in negative impacts (e.g.
on greenhouse gas emissions and animal welfare) and while financial support has enabled production, it can also lead to
a culture of dependency that limits innovation. At the same time, a lack of regulation and concrete targets, and low levels
of stakeholder engagement in policy design have led to delays in the delivery of sustainability objectives. Future policies
could take on-board more innovative thinking that addresses the interrelatedness of society, animals, and the environment,
to deliver effective targets and support.
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HNV High Nature Value

PRISMA Preferred Reporting Items for Systematic
Reviews and Meta-Analyses

SAFA Sustainability Assessment of Food and Agri-
culture Systems

SDGs Sustainable Development Goals

UK United Kingdom

Introduction

Over the last decades, the EU livestock sector has been sub-
ject to profound changes regarding its structure, market and
environmental conditions, consumer expectation, and regu-
lation. Despite these changes and an increasing number of
legislative and normative developments, livestock in Europe
is still far from a sustainable state (Guyomard et al. 2021).

Greenhouse gas (GHG) emissions from agriculture made
up 10% of the EU-28 total in 2017, and over 80% of agricul-
tural GHG emissions are from livestock (ibid.). Regionally
concentrated livestock production also leads to water and air
pollution, although the total livestock population in the EU
declined by 8.9% between 2001 and 2020 (Eurostat 2021).
At the same time, livestock farming provides employment
on farms and in related sectors, representing 36% of the total
EU’s agricultural industry's output in 2021, while support-
ing food security and human nutrition (Albaladejo Roman
2023).

When reflecting on the future of animal production and
enabling policies in Europe, it is necessary to consider the
impacts on economic, environmental, and social domains.
Moreover, to develop strategies that open just and successful
paths for approaching sustainability in the livestock sector, it
is necessary to understand how past policies have impacted
farmers, farming systems and production structures. This
is crucial for informing effective agricultural strategies that
need to consider how measures may affect farming practices,
environmental outcomes, farm viability, and human and
animal wellbeing.

For this reason, a structured review of peer-reviewed lit-
erature on the impacts of EU agricultural policies affect-
ing the livestock sector was carried out to identify gaps in
knowledge and policy, while informing decision-making and
future research directions.

Review structure and concepts

The review uses three complimentary concepts to assess
the impacts of policy on the livestock sector: Sustainability
Trade Offs as outlined in the FAO Sustainability Assessment
of Food and Agriculture systems (SAFA) guidelines (FAO
2014), the One Welfare approach (Pinillos et al. 2016), and
the Leverage Points concept (Abson et al. 2017).
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The SAFA guidelines (FAO 2014) provide a framework
for assessing the benefits and trade-offs of agriculture and
food system practices on different sustainability issues. The
guidelines are organised under the broader categories of
environment, social, economy and governance, which are
used for structuring the results of the review. These are
further distinguished into themes and sub-themes with for-
mulated sustainability objectives and indicators to measure
sustainability criteria. Over the last years, the guidelines
have been used to study the impact of livestock systems in
various contexts (Cammarata et al. 2021; Pérez-Lombardini
et al. 2021; Niloofar et al. 2023). The range and structure of
indicators within SAFA provides an overarching reference
point for structuring the analysis.

Complementing the One Health concept, which under-
lines the strong connection between animal and human
health, the One Welfare approach relates the wellbeing of
animals to that of humans and recognizes their intercon-
nections with the environment (Pinillos et al. 2016). Con-
sidering these interactions makes it possible to detect and
capitalize on direct and indirect benefits of one dimension
on the other and thereby enables a holistic way to increase
both human and animal welfare on a global scale (ibid.).
Adding this concept to the analysis is justified due to its
focus on the interconnected nature of policy implications
which helps to uncover siloed thinking by considering the
analytical categories animal welfare, human wellbeing and
environmental conservation.

The third concept is that of “Leverage Points” , which
builds on the ideas of Meadows (1999) who described
twelve points to intervene in systems to bring on change.
These points differ in their ability to change different
layers of the system and are thus more or less effective to
truly transform prevailing structures. Abson et al. (2017)
further developed this thinking by defining three areas of
deep leverage, which were used for analysis in this review:
re-think, re-connect and re-structure. Re-think questions
the generation, sharing and perception of knowledge to
overcome path-dependencies based on institutionalised
knowledge. This includes considering how goals for
sustainability transitions are derived from available
information, as well as scrutinizing “existing perceptions of
legitimate knowledge in science and politics” (Abson et al.
2017, 35). Re-structure concerns the relevance and role of
institutions and institutional failure or decline in bringing
about system change (Abson et al. 2017). This addresses
informal institutions such as customs or codes of conduct,
and formal institutions such as regulations and laws (i.e.
written rules) and contracts or plans (i.e. agreements)
(ibid.). Re-connect refers to the potential for sustainability
transitions that arise from a reconnection of people with the
natural world, including how it is valued, perceived, and
interacted with, and how much it is understood as crucial for
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human life and wellbeing (ibid.). Furthermore, Abson et al.
(2017) emphasise that a willingness to act more sustainably
within a system is only possible when its design and linked
institutions are changing simultaneously (Kaiser et al. 2010).

Combining these three concepts allows us to consider
sustainability aspects from different lenses and at different
scales. While SAFA gives us a clear framework for classify-
ing the impacts on different sustainability dimensions and
thereby helps us structure the assessment, the One Welfare
concept encourages a consideration of the interplay between
different sustainability dimensions. Finally, the Leverage
Points approach extends the scope of the analysis from the
current state to the drivers and barriers of system change,
and thus helps to see beyond “what is”.

Through an application of these three complementary
guidelines and frameworks, this review addresses the
following research questions: i) How is sustainability
defined in analyses of policies for livestock systems?, ii)
What mechanisms of EU agricultural policy are impacting
the livestock sector?; iii) What are the impacts of EU
agricultural policies on the sustainability of the livestock
sector as discussed in policy assessments? and iv) What
reasons for failure and/or delays in reaching sustainability
objectives in the livestock sector are given in recent policy
assessments?

Fig. 1 Combinations of search
terms used for literature identi-
fication

L c

Methods

A structured review of the published literature was car-
ried out in 2021-2022. The method was informed by the
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines and the framework for sys-
tematic literature reviews in agricultural sciences proposed
by Koutsos et al. (2019).

A review protocol detailed the background, objectives,
and research questions and possible search term combina-
tions (Fig. 1) and inclusion/exclusion criteria (Table 1).

Searches were performed on Web of Science and
CORDIS using Boolean operators (Supplementary Mate-
rials Tables S1 and S2). Initial searches identified 1866
publications (Fig. 2), which were filtered to exclude studies
published before 2012. This was considered an important
point, as the United Nations Conference on Sustainable
Development - birthplace of the Sustainable Development
Goals (SDGs) - took place in 2012. Moreover, the 2013 CAP
reform potentially changed the impacts of policies on the
livestock sector as well as their interpretation (Negre 2022).
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Table 1 Eligibility criteria for literature screening

Inclusion criteria

Exclusion criteria

Publication topic within the geographic scope of the EU (including
UK before Brexit)

Articles published in peer-reviewed scientific journals

Publication focuses on impacts of policies

Publication focuses on impacts on the livestock sector, sub-sectors or
individual livestock systems

Published in 2012 or later
At least half of the data used in the publication is collected after 2012
Published in English

Publications on countries outside the geographic scope of the EU, Swit-
zerland, or the UK

Publications that have not undergone a peer-review process (e.g., books,
proceedings, reports)

Publication does not relate to policies

Publication does not focus on impacts on the livestock sector, sub-sectors
or individual livestock systems but other agricultural sectors or farming
in general

Published before 2012
Less than half of the data used in the publication is collected after 2012
Published in a language other than English

research topic (n=378) and/or focus on impacts of (EU) policies
(n=297). The second screening round eliminated a further 175
sources beyond the scope and timeframe of the study. A total of
60 sources were selected for final inclusion (Fig. 2).

The remaining 60 studies were analysed using a
framework that combined research questions from the review
protocol and the analytical dimensions of the One Welfare
(Pinillos et al. 2016), Leverage Points (Meadows 1999;
Abson et al. 2017) and SAFA concepts/guidelines (FAO
2014) (Supplementary Materials, Tab. S3). Text excerpts
from the studies were collected under each analytical
dimension in Microsoft Excel. These excerpts were then
combined for each analytical dimension and manually coded
in the qualitative data analysis software NVivo 12, further
differentiating the former dimension into 39 codes. In total,
669 codes were collected, which were grouped and analysed
for emerging topics and narratives.

Results and discussion

Of the 60 studies included in this review, over 80% were pub-
lished between 2019 and 2022 (Supplementary Materials,
Fig. S1), aligning with the aim of focusing on recent devel-
opments. Classifying sources by region and livestock type
shows an imbalance in study areas within the EU (and UK
prior to Brexit) (Supplementary Materials, Fig. S2) but a more
even spread across livestock types (Supplementary Materials,
Fig. S3). Many studies did not focus on single or multiple
countries, but analysed policy impacts on an EU level (n=14).
A detailed description of studies per country and livestock
species is included in the Supplementary Materials.

How is sustainability defined in analyses of policies
for livestock systems?

Only a few studies include a specific definition of sus-
tainability (Table 2). While this is likely to be related to
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difficulties in defining the term (Creemer et al. 2019), it may
also be linked to the concept’s ubiquity, which suggests it
is well understood. Furthermore, many papers only con-
sider some aspect(s) of sustainability, e.g., economic and/
or environmental (e.g., Alexandri et al. 2020; Bonazzi et al.
2021; Larkin et al. 2019). It is less common to consider
social impacts only (e.g., Bertolozzi-Caredio et al. 2020),
as they tend to be addressed more in combination with eco-
nomic factors (e.g., Belanche et al. 2021; Ragkos et al. 2017)
(Table 2).

Instead of including a definition of sustainability, many
papers refer to non-sustainable practices within the live-
stock sector such as heavy grazing, conventional tillage
and short crop rotations (Lessire et al. 2019) or goals of
conservation or rural development that are connected to
sustainability (Schermer et al. 2016; Pavi¢ et al. 2020).
Many papers also work with the Ecosystem Services con-
cept (e.g., Mufioz-Ulecia et al. 2021; Schulte et al. 2019)
whilst one study uses the “social-ecological resilience”
concept to understand interactions between social and
environmental aspects (Schermer et al. 2016). In this, the
ecological understanding of resilience as “the capacity of
a system to absorb disturbance and reorganize while under-
going change so as to still retain essentially the same func-
tion” (Walker et al. 2004, 1) is recognised to be influenced
by external social forces.

The papers that do define sustainability typically use
descriptions that encompass the three dimensions of social,
environmental and economic aspects (de Olde et al. 2017;
Rodriguez-Rigueiro et al. 2021) and stress the need to
advance in all three areas at the same time (Creemer et al.
2019).

The concept of “sustainable intensification” is also used
in some studies, with regard to the trade-offs between pro-
duction and environmental impact (Lépple and Sirr 2019;
Gaudino et al. 2018; Burgess and Rosati 2018). Others stress
the need to shift the focus from farms and farming practices
to a food-system perspective (Creemer et al. 2019) and the
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Identification of studies via Web of Science and CORDIS

Identification

Records identified from:
Web of Science (n= 1710)
CORDIS (n= 156)

Records removed before screening
(total n=781):

Screening

Records screened
(n= 1085)

Duplicate records removed
(n=331)

Records marked as ineligible by
automation tools (n= 450)

Records excluded (total n= 841):
Geography (n= 106)
Not livestock focussed (n=37)
Not related to EU policy impacts

Reports sought for retrieval
(n=244)

> (n=297)

Not related to review objective (n=
378)

Language (n= 6)

Other (n=17)

A

Reports assessed for eligibility
(n=235)

Reports not retrieved (n= 9)

Reports excluded (total n= 175):
Geography (n=4)
Not livestock focussed (n=11)
Not related to EU policy impacts

Included

Studies included in review
(n= 60)

(n=44)

Not related to review objective (n=
34)

Language (n= 12)

Data too old (n=47)

Modelled impacts (n= 15)

Other (n= 8)

Fig.2 PRISMA 2020 flow chart of the literature search and screening (Page et al. 2021)

importance of alignment with global goals (Stubenrauch

et al. 2021; Burgess and Rosati 2018).

What mechanisms of EU agricultural policy are
impacting the livestock sector?

The Common Agricultural Policy (CAP) is widely discussed
for its influence on the environment, farm income and

production structures (Gaudino et al. 2018; Martinho 2022;
Popovici et al. 2021; Horrillo et al. 2016). This influence
is the result of mechanisms, that impact the evolution of
farming systems. CAP reforms have, in-particular, decreased
the level of market interventions (e.g., dairy quotas) in
favour of open markets and increased support payments
for environmental measures, but also to support livestock
farmers, who benefit disproportionately from CAP-based
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Table 2 Identified literature and

GO [

representation of sustainability
themes

Re-Connect

Publication

Re-Structure
Re-Think
Environment
Governance

Human
Wellbeing
Environmental
Conservation

Economic

Social
Animal Welfare

Alexandri et al. 2020
Barnes et al. 2016
Bealey et al. 2016
Belanche et al. 2021

Bertolozzi-Caredio et al.
2020

Bonazzi et al. 2021
Brennan et al. 2021
Burgess and Rosati 2018
Creemer et al. 2019

de Olde et al. 2017
Duvaleix et al. 2020

zu Ermgassen et al. 2016
Frith-Miiller et al. 2019
Garske and Ekardt 2021
Garske et al. 2021
Gaudino et al. 2018

Grodea 2020
Guyomard et al. 2021
Horrillo et al. 2016
Ivanov 2020

Jensen et al. 2021
Jitea et al. 2016

Jitea et al. 2021
Karlsson et al. 2021
Kilgarriff et al. 2020
Koninger et al. 2021
Kranjac et al. 2020
Krieger et al. 2020

Kuhn et al. 2018
Kuhn et al. 2019
Kuhn et al. 2020
Lépple and Sirr 2019
Lapple et al. 2022
Larkin et al. 2019

payments for farms in disadvantaged regions (Belanche et al.
2021; Larkin et al. 2019; Némethova and Hudékova 2019;
Guyomard et al. 2021).

The positive relationship between farm size and payments
received was identified as an important influencing factor on
agricultural expansion and intensification (Guyomard et al.
2021; Alexandri et al. 2020; Plieninger et al. 2021). Authors

@ Springer
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of a study of Scottish livestock farmers concluded that their
findings “seems [sic] to infer that payments are not as decou-
pled as policy makers would wish” (Barnes et al. 2016, 556).
Yet, other factors such as the existence of a successor were
also found to have significant effects on the intent to increase
or decrease production despite hypothetical changes in CAP
payment rates (ibid).
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Table 2 (continued) Leone 2020

Lessire et al. 2019
Martinho 2020

Martinho 2022
McDonald et al. 2014
Mufioz-Ulecia et al. 2021

Nemethova and Hudakova
2019

Noll et al. 2020

Ohlund et al. 2017
Olagunju et al. 2020
Paterson and Holden 2019
Pavic et al. 2020

Pieper et al. 2020
Plieninger et al. 2021
Popovici et al. 2021
Ragkos et al. 2017
Rodriguez-Rigueiro et al.
2021

Salou et al. 2017
Santeramo et al. 2020
Sarov and Kostenarov 2019
Schermer et al. 2016
Schulte et al. 2019
Stubenrauch et al. 2021
Stuhr et al. 2021

Valach 2021

Vissers et al. 2021

No. of articles mentioning
concept

16 11 36 32 17 9 13 10 14

Studies also show that the viability of many farms
depends on receiving CAP payments (Mufioz-Ulecia et al.
2021; Guyomard et al. 2021). Guyomard et al. (2021) high-
light that subsidies representing 57, (dairy), 85 (sheep and
goat) and 133 (cattle) percent of farm incomes were paid in
the EU in 2018, with the lowest share of income (30%) being
paid to pig and poultry farms. While this support could give
farms the economic space to implement changes to increase
sustainability, the high subsidy share of incomes has shown
to create stagnation (ibid.).

It is thus not surprising, that the distribution of payments
across farms is still determined by farm size rather than eco-
logical impact (Scown et al. 2020). This incentive to increase
the size of farm holdings (Guyomard et al. 2021) is further
driving land concentration and production intensification.
To address this, and further incentivise the implementation
of farming practices with lower environmental impacts, the
new CAP (2023-2027) includes the introduction of volun-
tary “eco-schemes” of beneficial practices. Simultaneously,
the current obligatory greening and cross compliance will

form part of a “conditionality”” with increased environmental
requirements for receiving direct farm payments (European
Commission 2022a; Meredith and Hart 2019).

Farmers implementing environmentally friendly practices
that go beyond the conditional obligations for direct farm
support can receive payments under Pillar II of the CAP
to compensate for lost income and costs incurred (Schulte
et al. 2019). Participation in any schemes under pillar II is
voluntary, yet they can be critical for farms’ viability, in
cases of revenue and income depending on payments under
agro-environmental schemes (Jitea et al. 2016). The new
CAP (2023-2027) provides environmental measures both as
parts of pillar I (eco-schemes) and pillar IT (Agri-environ-
ment-climate measures), which may be explained by being
able to providing more money for environmental activities
without having to transfer budget (Schulte et al. 2019). In
addition, animal welfare is strengthened in the new CAP
reform, by including it both in conditionality requirements
(Leone 2020) and as parts of eco-schemes under pillar I
(European Commission 2022a).

@ Springer
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In addition to payments, farmers are supported by the EU
through different aids for the development of short supply
chains or certified quality schemes (Guyomard et al. 2021).
Higher incomes can also be achieved by changing to an
organic system, e.g., by receiving organic subsidies from the
EU and higher prices from consumers, yet this often involves
the development of new marketing channels and also needs
to be viewed in the light of increasing prices for organic
inputs or additional infrastructure (Horrillo et al. 2016) and
potentially lower and more variable yields (Knapp and van
der Heijden 2018; de la Cruz et al. 2023). While ensuring
that imported agricultural products fulfil equivalent safety
standards to domestic products and thereby protecting EU
producers from fraud and competition with lower standard
produce, EU food safety policies can also put a strain on
trade relationships where there is disagreement between
trade partners, e.g. on health effects of certain practices
banned in the EU (Guyomard et al. 2021). Simultaneously,
tariffs, e.g., on bovine meat imports, also contribute to keep
domestic price levels high by regulating less expensive com-
petition from third countries (ibid). Additionally, different
directives (e.g., Nitrates Directive, Water Framework Direc-
tive) set out specific targets and allowances that (livestock)
farmers must comply with as parts of national legislation
(Koninger et al. 2021). Formulating Strategic Plans for each
Member State as set out for the new CAP period is consid-
ered useful for increasing the environmental sustainability of
farming systems as these plans are able to translate national
targets, e.g. on carbon sequestration or nitrate emission
reduction, into measures under schemes that are more spe-
cific to and targeted towards the national and regional con-
texts and areas of concern of Member States (Schulte et al.

Fig.3 Frequency of reviewed
categories covered across all
reviewed papers

One Welfare

Environmental Conservation
Human Wellbeing

Animal Welfare

SAFA

Governance

Social

Economic
Leverage Points
Re-Think
Re-Structure

Re-Connect
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2019). However, the challenge of making uptake of practices
attractive to farmers remains despite their potentially greater
relevance (ibid.).

What are the impacts of EU agricultural policies
on the sustainability of the livestock sector?

The reviewed papers cover a wider range of sustainability
topics, with a focus on the economic and environmental
domains, and less on social or governance aspects (Fig. 3).
While sustainability debates initially focused on ecologi-
cal and economic concerns (Leal Filho et al. 2022), some
progress was made to increasingly include the social
dimension in the concept and study of sustainability in the
agricultural context (Janker et al. 2019). However, a lack
of agreement of what social sustainability in agriculture
entails and how it should be measured (Janker and Mann
2020) could complicate increasing research activities in
this area.

The following description of impacts gives a detailed
account of how these themes are represented in the dif-
ferent papers reviewed. While there is some overlap
in papers covered under the SAFA “environment” and
“social” categories with the One Welfare categories of
“environmental conservation” and “animal welfare”,
analysis of the One Welfare concept is focused more
on the interactions between aspects rather than the cat-
egories themselves. Studies that could be related to the
leverage points concept were represented least. Notably,
only two papers deal with “re-connection”, while more
address the realms of leverage “re-think” and “re-struc-
ture” (Table 2, Fig. 3).
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Environmental impacts

Since the CAP regulates most of livestock production on
an EU level (Guyomard et al. 2021), it is not surprising that
impacts of the CAP and related payments make up a large
share of the studies relating to environmental outcomes of
policies.

Land use and soil quality As a result of CAP reforms and
market changes decreasing viability of farming operations
(Horrillo et al. 2016), many extensive systems have experi-
enced an intensification of production and thus an increased
risk of environmental degradation (Lépple and Sirr 2019;
Noll et al. 2020; Horrillo et al. 2016). Intensification pro-
cesses include an increased use of external inputs, changes
in grazing and pasture management and increased stocking
densities (Plieninger et al. 2021). This is linked to payment
rates for Agro-Environmental Measures (AEM) being too
low to stimulate uptake especially in intensive livestock pro-
duction areas (Friih-Miiller et al. 2019). Even systems such
as organic farming, which are considered to increase soil
quality and decrease pollution (Popovici et al. 2021) can
have negative impacts on soil quality due to legislative omis-
sions in restricting the use of conventional manure in organic
systems (Koninger et al. 2021). This may have environmen-
tal consequences for soil biodiversity, e.g. when introducing
heavy metals, micro plastics, or antibiotic gene resistance
(ibid.). Another way of mitigating negative impacts of live-
stock, e.g., on soil pollution and damage due to overgrazing,
could be mitigated by reducing livestock numbers (Néme-
thova and Hudakova 2019).

Water and air quality The main directives focusing on
improving and protecting water quality are the Nitrates
Directive (91/676/EEC) and the Water Framework Directive
(2000/60/EC) but there are also different agri-environmental
measures that can help limit negative water quality impacts
related to livestock farming. Kilgarriff et al. (2020) report
that the exclusion of cattle from watercourses is a cost-effec-
tive measure to reduce pollution, stressing the need for a
targeted approach in the post 2020 CAP. While particularly
intensive farms can improve water quality in areas of high
pollution, those farms could also face relatively high cost for
measures to comply with regulations (Kuhn et al. 2020). As
this is an incentive for non-compliance, support measures
should sit alongside enforcement activities (ibid.).

Policies enabling the transport of manure from regions of
high supply to low supply are another option for lowering
nutrient loads (Kuhn et al. 2018). This is also relevant
with regards to an intensification in dairy farming, and the
associated impacts on eutrophication, acidification and
greenhouse gas emissions (Paterson and Holden 2019),
as, for example, observed in Ireland and the Netherlands

after the milk quota was removed in 2015 (Lipple and Sirr
2019). Manure transport reduces global warming potential,
freshwater and marine eutrophication, mostly as a result
of better efficiency in using nutrients in the exporting and
replacing chemical fertiliser on the importing farm (Kuhn
et al. 2018). Yet, this positive effect is only sustained if the
exporting farms do not need to use manufactured nitrogen
fertiliser as a consequence of manure exports (ibid.).
Enhanced leaching on farms importing manure suggests that
policy makers should limit manure imports within regions
facing high levels of pollutants (Kuhn et al. 2020). Policies
of the Green Deal are also stimulating research on manure
management with the European Commission aiming to
decrease nutrient losses by 50% (Koninger et al. 2021).

Greenhouse gas emissions and biodiversity Lipple et al.
(2022) found a significant reduction of emission intensity
between the milk quota to post-quota phase (2000 to 2017),
possibly because of the negative relationship between pro-
ductivity and GHG emission intensity. Poor animal health
has a negative impact on the productive lifespan, culling
rates (Hristov et al. 2013) and animal performance (de Boer
et al. 2011), which increase production inefficiencies and
per kg GHG emissions (Llonch et al. 2017; Bell et al. 2011).
Creating stress-reducing environments and handling rou-
tines and improving animal health thus has the potential to
improve emissions efficiencies of livestock systems (Llonch
et al. 2017). Furthermore, it was shown that compensating
farmers for improved housing conditions has the potential
to reduce GHG emissions (Santeramo et al. 2020). This is
especially the case where this improvement resulted from
the reduction in livestock numbers, which has previously
been discussed with regards to its positive effect on GHG
reductions (Garnett 2009; Pieper et al. 2020).

There is mixed evidence on the impact of livestock
on biodiversity. Bealey et al. (2016) conclude that plant-
ing trees downwind from livestock housing and manure
and slurry storage facilities, or using trees as shelter for
animals have the added benefit of decreasing ammonia
emissions, as trees are capable of capturing gases and
particulates in their canopies. Another study highlighted
that Irish farms were exceeding targets to retain areas of
wildlife habitat, mostly through linear features and semi-
natural woodlands, which amounted to almost 10% of agri-
cultural holdings for intensively managed farms (Larkin
et al. 2019). Yet, authors stressed that this does not give an
indication on the quality of habitats and the biodiversity
they are able to support (ibid.). Since extensive systems
can have a positive impact, e.g. in the Dehesa or High
Nature Value (HNV) farming systems (Horrillo et al.
2016; Santana et al. 2017), intensification processes and
land abandonment are considered as threats to biodiversity
in HNV farmland areas (Jitea et al. 2021).
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In this regard, support payments are viewed as impor-
tant in ensuring economic sustainability of biodiversity
promoting systems (Jitea et al. 2016; Burgess and Rosati
2018), yet, Koninger et al. (2021) underline that current CAP
protection and enhancement measures for soil biodiversity
(e.g., through eco-schemes or agri-environment-climate
payments) are mostly voluntary and may thus not be used
even though they could have substantial impact in vulner-
able nature areas. At the same time, measures need to be
planned to suit regional conditions. For example, in Ireland,
the ecological focus area (EFA) measure has been success-
ful in rewarding the retention of landscape features that are
uncommon or absent in other European countries. However,
the narrow focus of this initiative might risk losing ineligible
yet valuable habitats (Larkin et al. 2019).

Social impacts including animal welfare

Food security While food security is a stated objective of
the CAP (Schulte et al. 2019), heterogeneous conditions
between countries, affecting the competitiveness of farmers
and value chain actors, can impact self-sufficiency (Néme-
thova and Hudédkova 2019). Supporting the production of
protein crops in the EU could minimise import dependencies
and increase feed self-sufficiency by EU farmers (Jensen
et al. 2021).

Identity and succession Farming may be perceived as
a desirable lifestyle worth continuing, even if it becomes
economically unviable, due to non-monetary advantages
(Olagunju et al. 2020) such as a sense of independence and
pride in owning a business (Key and Roberts 2009). In this
case, decoupled payments are helpful as they allow farm-
ers to maintain a farming lifestyle (Olagunju et al. 2020;
Schermer et al. 2016). Combining on- and off-farm income
is another option for continuing traditional farming prac-
tices, yet there is also a need for ensuring the culturally and
socially desirability of these practices in order for farmers
to perceive them as worth maintaining (Schermer et al.
2016). With regards to succession, low average incomes
(Noll et al. 2020), high costs of investments to comply with
legislation and the administrative load related to receiving
direct payments (Schermer et al. 2016) were some of the
reasons authors quoted for preventing next generations from
continuing farming.

Knowledge and skills A lack of knowledge or understanding
of practices or biological processes is cited as an obstacle for
complying with EU legislation. Therefore, training related
to environmental protection, food safety and animal wel-
fare becomes an important factor for the implementation
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of policies (Grodea 2020; Koninger et al. 2021). Despite
the importance of incorporating local knowledge in decision
making (Plieninger et al. 2021), authors also stress the need
for improving assessment methods, and data availability,
e.g., through annual sampling of farm statistics (Kuhn et al.
2020, 2018; Karlsson et al. 2021; Scown et al. 2020; Muiloz-
Ulecia et al. 2021). Collaboration and inclusion of stake-
holders including civil society and authorities is considered
another way to develop innovative solutions suited to local
demands (de Olde et al. 2017; Jitea et al. 2021; Leone 2020).

Public opinion While a share of European consumers are
questioning how acceptable it is to produce animal prod-
ucts under current systems (Guyomard et al. 2021), farmers’
awareness of how the livestock sector is viewed by the pub-
lic is increasing (Lessire et al. 2019). Reconnecting people
with nature can enable changes to perception of the natural
world and humans within it (Abson et al. 2017). While it
can be strongly questioned if this can be applied to current
livestock systems, changes to values and world views are
still understood to convey the highest potential for levering
change, although these aspects are notoriously difficult to
influence (ibid.). Only a limited number of papers addressing
this re-connection may reveal a lack of ideas and enthusiasm
for changing perceptions and meaning of animals in the food
system but could also have been influenced by methods used
in this review.

The debate on re-structuring on a larger regulatory
scale as well as shifting the underlying norms, e.g., of
the value of animal lives or nature, could be supported
by considering a re-connection of people with the natural
world positively impacting environmental protection and
biodiversity (Ives et al. 2018) in discussions on the future
of livestock systems. Shifting underlying norms is also
linked with discussions on possible reductions of livestock
numbers and changes towards a plant-based diet for reducing
negative environmental and animal welfare impacts (e.g.,
Karlsson et al. 2021; Guyomard et al. 2021), that go as far
as an emissions trading system for livestock products to link
livestock numbers with GHG emission targets (Stubenrauch
et al. 2021).

Legislative instruments such as product labelling could
increase transparency of animal production systems and
create incentives for certain practices, e.g. linked to ani-
mal welfare (Leone 2020). Introducing a climate tax on
food products as an economic incentive could also be an
option for reducing the consumption of livestock products
with higher emissions (e.g., beef), possibly leading to emis-
sion reductions (Gren et al. 2019). However, penalising the
consumption of ruminant meat fails to acknowledge that
ruminant systems use less land, which can produce human
edible crops, compared to monogastric systems on a per unit
of nutrient basis (Lee et al. 2021). Furthermore, a tax on
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ruminant meat carries socio-economic risks such as reduced
human wellbeing due to forced re-allocation of land and
labour, and an economically sub-optimal use of available
land resources (ibid.). The current influence of EU policies
on food consumption is low, also because measures relat-
ing to demand are realised at the Member State level and
while there is, for example, some consensus on the messag-
ing required to reduce meat consumption, recommendations
for specific reduction amounts differ among Member States
(Guyomard et al. 2021; Springmann et al. 2020).

Animal welfare Changes in production structures and prac-
tices have impacted animal welfare in the EU and intensifi-
cation processes have led to growing animal welfare issues
in some regions (Lipple and Sirr 2019; Noll et al. 2020;
Muiioz-Ulecia et al. 2021). While extensive systems, e.g.
agroforestry, can raise animal welfare levels while also ben-
efitting other environmental parameters (Burgess and Rosati
2018), animal welfare improvements are often context spe-
cific (Brennan et al. 2021).

Over time, animal welfare matters have been included
in reforms of the CAP (Leone 2020) and including animal
welfare into the conditionality of Pillar I payments in the
recent CAP reform further strengthens the standing of ani-
mal welfare matters (ibid.). However, for some commonly
kept species such as dairy cows and turkeys, concrete legis-
lation on living standards is still missing, and generally low
enforcement rates present an obstacle to increased animal
welfare across the EU (Leone 2020).

While cross compliance regulations were successful in
influencing farm practices regarding the implementation
of animal welfare and food law, some intensive livestock
systems do not receive direct payments and are thus not
required to fulfil cross compliance regulations (European
Commission 2022b). Furthermore, measures under the
Rural Development Programme have been successful in
improving animal welfare practices particularly around
health management and housing (ibid.). The growing
consideration of animal welfare aspects in the CAP is
a positive development as it can both increase public
trust in EU legislators by recognising the growing public
awareness for animal welfare matters, and support farmers
in reacting to increased public expectations (Leone 2020).
However, based on the evidence reviewed by the European
Commission, the effect of the CAP on improving animal
welfare seems limited to certain locations and sectors, with
the cattle sector making more use of available support and
thus making greater improvements than the poultry and pig
sector (European Commission 2022b).

The option given by recent CAP reforms to include
further labelling systems for animal welfare standards, as
currently only required for table eggs, would increase the
transparency of livestock production, enabling consumers

to make informed purchasing decisions and work as an
incentive to make (technological) improvements for greater
animal welfare (Leone 2020), and can incorporate wider
environmental outcome categories (Duvaleix et al. 2020).
To support transparency on animal welfare through label-
ling, it thus becomes necessary to establish animal welfare
as a part of sustainability assessments, that are practical but
sound and capitalise on potential advantages of outcome-
based indicators (Brennan et al. 2021; Krieger et al. 2020).

However, balancing this with the ability of and incen-
tives for farmers to comply with animal welfare enhancing
measures is crucial for successful delivery. Low levels of
motivation and/or skills regarding animal welfare manage-
ment could become an issue for compliance with EU poli-
cies (Grodea 2020); and higher payment rates to compensate
for improvements made are necessary (Vissers et al. 2021;
Schermer et al. 2016).

Economic impacts

Farm and production structure Farm structural changes
observed through CAP reforms are mostly related to the
intensification and simplification of production. In exten-
sive systems, such developments can lead to the cessation
of production and land abandonment, if investment costs
needed to comply with stricter regulations (e.g., on animal
welfare) are too high (Schermer et al. 2016; Horrillo et al.
2016). While in some countries a concentration of produc-
tion on fewer farms can be observed, a decline in livestock
production and/or land abandonment is common in others,
especially in Eastern countries following EU accession
(Némethova and Hudakova 2019), sometimes exacerbating
already existing disparities between regions (Némethova
et al. 2017). While this can create unwanted consequences
for other sectors, e.g., when less manure is available for ferti-
lisation (Némethova and Hudakova 2019), the administrative
load and eligibility criteria related to the implementation of
CAP measures also benefits specialised systems over their
traditionally lower-intensity counterparts (Jitea et al. 2021).

One of the biggest drivers for structural change in the
dairy sector in the last decade was the abolition of milk
quotas in 2015, which has resulted in decreasing dairy
herds due to lower prices (Lépple et al. 2022). In Belgium,
dairy farm sizes and production increased and the organic
sector grew between 2016 and 2019, while farms with less
than 60 cows ceased to operate (Lessire et al. 2019). The
dairy sector in Ireland and the Netherlands expanded and
production increased through a growing of herd sizes and
increased stocking rates (Lépple and Sirr 2019). Dutch farms
that intensified production recorded below average economic
performance whilst Irish farms show above average results
(ibid.). This is in line with Gaudino et al. (2018), who find
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that reaching economic sustainability is difficult for Dutch
dairy farms due to energy costs increased outpacing price
gains (Oenema et al. 2011). However, Martinho (2020)
stresses that price changes after the quota abolition are
not attributed to the CAP, but rather a result of cyclical
behaviours and market volatilities. Similar results are
reported by Kranjac et al. (2020) who state that the benefits
of Croatia’s EU accession that became apparent after some
years were less the results of CAP measures per se but rather
the result of prices on the single market.

Labour While farming is a profession that for many is con-
nected to a sense of pride over being independent and own-
ing a business (Key and Roberts 2009), it can also return
low incomes for high labour demands, making it unappeal-
ing to young people (Belanche et al. 2021). In this regard,
agricultural subsidies are seen as important in supporting
farmers’ incomes and rural communities as they help main-
tain jobs (Valach 2021), and support young farmers taking
farm ownership for the first time (Pavi¢ et al. 2020). Authors
found statistically significant positive effects on dairy farms’
workforce, revenue and net value added, while also leading
to increases in herd sizes in Slovenia (ibid.). Authors further
found a link between herd sizes and farmer education, with
farmers holding college degrees having significantly more
livestock than colleagues without degrees (ibid.).

Payments and subsidies The impacts of payments domi-
nates the discussion around the economic impacts of EU
policies on the livestock sector. As Guyomard et al. (2021)
point out, livestock production in Europe is confronted with
issues affecting all sustainability dimensions and the pos-
sible positive outcomes of livestock farming are prevented
by an economic situation that does not allow farmers to
make changes. At the same time many authors stress the
importance of subsidies for income support, and that these
businesses can help to stabilise food production and support
rural communities (Olagunju et al. 2020; Pavi¢ et al. 2020;
Ivanov 2020; Valach 2021).

Yet, even with payments, incomes in some regions and
farming systems are still too low, so that farmers might
advise their children to take up other forms of employment
(Noll et al. 2020) or may look for other ways to increase
income, e.g., by converting to organic farming (Horrillo
et al. 2016). Critically, this step of making changes to the
system when is no longer economically viable may be pre-
vented by subsidies which may hinder adaptation and inno-
vation (Valach 2021) and lead to a culture of dependence, in
particular for some extensive grazing systems (Ragkos et al.
2017; Horrillo et al. 2016).

Milk quotas helped maintain dairy production in less
competitive regions with lower efficiencies and on smaller
farms (Schermer et al. 2016; McDonald et al. 2014; Salou

@ Springer

et al. 2017), but they also had a constraining effect on more
productive regions and farms and may have even limited
young entrants into the dairy industry (Institut d'économie
industrielle 2008; Dillon et al. 2005). At the same time,
the removal of dairy quotas led to an increase in milk
production across the EU (Salou et al. 2017), which was
achieved both by increases in herd sizes and milk yields
(Brennan et al. 2021). When the quota was finally abolished
in 2015, concerns were raised about a new increase in
supply decreasing market prices (Martinho 2020) as
seen in France (Salou et al. 2017) where the removal of
quotas contributed to a cessation of milk production, and
an increased risk of abandonment of less accessible land
(Schermer et al. 2016). However, Salou et al. (2017) do
not find that quota abolition has led to a significant shift in
dairy production systems in France and even when taking
into account changes in global market demand, the extent
of redistribution of production towards more efficient farms
is still relatively small.

At the same time, farms taking part in agri-environmen-
tal measures may not receive adequate compensation for
declines in productivity (Jitea et al. 2021; Kilgarriff et al.
2020). In this case, environmental measures designed to
support extensive techniques and thereby maintain farming
systems cannot compete with off-farm income opportunities
(Jitea et al. 2021). While direct payments can have a substan-
tial influence due to farms’ dependency on them (Schermer
et al. 2016), voluntary environmental schemes may become
more appealing if premiums are raised, notably in regions
of high intensity (Friih-Miiller et al. 2019).

Common Agricultural Policy payments have also been
influential in shaping production structures, e.g. through
decoupled payments favouring crop production in Croatia
(Kranjac et al. 2020). Such payments have also influenced
individual farms’ production orientation and outcomes,
through impacting the price of farmland (Olagunju et al.
2020) and payments under the first pillar of the CAP are
considered as a central cause for the intensification of
extensive farming systems (Plieninger et al. 2021). This
intensification took place for example through slaughter
premiums for fattened livestock leading to a rise in on-farm
fattening (Veysset et al. 2005; Garcia-Martinez et al. 2011),
increases in herd sizes, reduction of labour and growing
capital intensity (Mufioz-Ulecia et al. 2021). Grodea (2020)
found a positive impact of coupled payments on the herd
sizes and meat production of goats and sheep in Romania
under simultaneous concentration developments. However,
Ivanov (2020) did not find that direct payments and subsidies
had a large effect on livestock production increases in
Bulgaria, and Sarov and Kostenarov (2019) conclude that
while CAP payments impacted gross margins and profit,
they had no impact on farms’ production structures in
Bulgaria.
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Several authors report on the positive impact of decou-
pled payments on the productivity and efficiency of farms
(Olagunju et al. 2020), which could be related to the income
support generated through such schemes, which could allow
farmers to gain better access to credit for investments to
improve production processes and farm management (Mar-
tinez Cillero et al. 2018; Olagunju et al. 2020; Bertolozzi-
Caredio et al. 2020). At the same time, Alexandri et al.
(2020) conclude that subsidies do not necessarily contribute
to an increase in productivity as they may limit the com-
petitiveness of farms. It is thus difficult to draw overarching
conclusions on the effect of decoupled payments on agri-
cultural production.

Governance

The ‘governance’ category of the SAFA guidelines was the
least represented in the literature, although it can be argued
that governance principles are reflected in the other three
categories to some extent (FAO 2014). Where governance
impacts are more explicitly described, this is in relation to
pressures that changes in the CAP framework have meant for
farmers, e.g. with regard to payments access (Ragkos et al.
2017). It is acknowledged that while the CAP over decades
of reform has changed to include wider societal objectives,
food security remains the CAP’s core aim (Schulte et al.
2019). While this focus has resulted in a decoupling of food
production from other ecosystem services (Schermer et al.
2016), the challenges and risks of transitioning towards
greater sustainability thus needs to be shared by policy
rather than shifting responsibility on farmers alone (de Olde
et al. 2017).

What are reasons for failure or delays in reaching
sustainability objectives in the livestock sector?

It may not be surprising that several challenges preventing a
more sustainable livestock sector in Europe persist despite
the increasing focus of policy and research on this issue.
As Abson et al. (2017) point out, changing and assessing
parameters (e.g., subsidies, targets on protected areas) only
has limited potential for system change.

Even though the last CAP reforms, through greening
requirements or agri-environmental measures, have
increasingly focused on improving the sustainability
of farming systems and businesses (Martinho 2020),
livestock farms across the EU are still faced with a set of
significant issues regarding environmental impacts (e.g.,
GHG emissions, nutrient imbalances causing pollution),
agricultural land expansion at the cost of natural areas,
and increased concerns regarding farm animal welfare
(Guyomard et al. 2021).

Lack of regulation

“Re-structure” is the area of “deep leverage” that was most
represented in the reviewed literature (Table 2), either by
discussing the importance of values and normative under-
standing or needed changes in the regulatory framework.
A possible reason for this could be the overlap of this lev-
erage category with assessing parameters and feedbacks of
the food system and its policies, which is a major focus of
the scientific debate around sustainability of food systems
(Abson et al. 2017). Lacking regulation is described in
the context of extensive production models, animal wel-
fare issues, digitalization and environmental protection.
Some authors conclude that the absence of specific rules
for extensive farming practices (e.g., agroforestry) within
organic regulations is limiting farmers’ ability to distin-
guish their systems from others, making a transition to
organic farming less attractive (Horrillo et al. 2016; Rag-
kos et al. 2017). Authors furthermore criticise the inad-
equacy of existing regulations in reducing livestock num-
bers to reduce environmental problems linked with high
phosphorus loads (Garske and Ekardt 2021), and reach tar-
gets set by the Paris Agreement (Stubenrauch et al. 2021).
This highlights the challenges linked to increased manure
amounts, decreased manure quality and the associated
impacts on soil biodiversity (Koninger et al. 2021). Other
areas described as needing enabling positions are using
food waste as animal feed (zu Ermgassen et al. 2016), and
the design of measures supporting digitalisation on farms
(Garske et al. 2021).

While some authors call for stricter regulation that
aligns with environmental targets (Stubenrauch et al.
2021), others also see the dispersion of regulating
frameworks across different legislations as complicating
progress (Koninger et al. 2021). Koninger et al. (2021)
identify eight EU policies that are dealing with different
aspects of manure management and treatment in the EU,
yet a comprehensive piece of legislation combining the
different parts is missing. This can be problematic if it
creates an impression of an ever-changing legislative
setting, as this can lead to low compliance (Stuhr et al.
2021). Lacking regulation on animal welfare is criticised
with regards to missing legislation on living conditions
of some livestock species, an inaction to follow scientific
recommendations by the European Food Safety Authority
and a low rate of enforcing existing laws (Leone 2020).
Regulating animal welfare legislation on a supranational
(i.e. EU) level is important as this can guarantee a level-
playing field for all actors and avoid unfair treatment
of farmers in different Member States with different
standards (Guyomard et al. 2021; Ohlund et al. 2017).
Similar approaches could be adopted to meet the demand
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for EU wide indicators for soil biodiversity (van Leeuwen
et al. 2017).

Lack of concrete targets and enforcement

Most criticism in relation to targets concerns the lack of
detail on measurable outcomes (Larkin et al. 2019), or
aspects of universality (Ragkos et al. 2017), e.g., neglect-
ing site-specific conditions when it comes to the cap-
ping of nitrogen application rates or livestock densities
(Garske and Ekardt 2021). This lack of consideration for
local characteristics and farmers’ knowledge can result in
low rates of compliance with nitrogen reducing practices
(Stuhr et al. 2021). Difficulties also arise from conflicting
targets, e.g., between agri-environmental measures and the
CAP objective of ‘competitiveness’ (Garske et al. 2021).

A challenge with regards to target definition concerning
manure is the lack of unity across Member States, e.g.,
on defining manure quality, or the significance of soil
biodiversity (Koninger et al. 2021). Greater emphasis
is also required by Member States in improving basic
measures of the Water Framework Directive to further
deliver on reducing diffuse pollution (Kilgarriff et al.
2020). The enforcement of practices and compliance
requirements are further problems (Garske and Ekardt
2021; Kuhn et al. 2020; Guyomard et al. 2021), which
have contributed to unfulfilled environmental objectives
within the Nitrates Directive (Koninger et al. 2021)
and beneficial landscapes features of Pillar I payments
(Burgess and Rosati 2018).

Current policies like the EU Green Deal follow an
ambitious sustainability agenda, with objectives for
farming and food systems, the environment, climate and
health, including concrete targets for farming, for exam-
ple on a reduction of fertiliser and antibiotic used as
well as increases in protected areas and organic farming
(Guyomard et al. 2021). However, some farm types only
showed limited environmental improvements (Cortignani
and Dono 2018) despite sustainability objectives in previ-
ous CAP reforms (Martinho 2020).

The incorporation of local rules and values can help
to compensate for top-down governance side effects and
ensure an equal consideration of economic and social sys-
tem aspects (de Olde et al. 2017; Ostrom 2009). At the
same time, authors also welcome the move away from a
“one-size-fits-all approach” to regulation and incentives,
e.g., within the Water Framework Directive or in the design
of agri-environmental schemes in the post-2020 CAP that
allows for more locally targeted measures (Kilgarriff et al.
2020). Adding quality parameters to assess the performance
of the ecological focus area (EFA) measure would mean
a move towards a result-based approach in accounting for

@ Springer

successful policy implementation (Larkin et al. 2019), and
consequently a fundamental shift in the regulatory system.

Exclusion of farms

Another hindering factor for the wider adoption of more
environmentally friendly practices are narrow inclusion
criteria, that can discriminate against farmers or produc-
tion areas. This can result from policies overlooking the
heterogeneity of livestock farms, as illustrated by the vari-
ous definitions of permanent grassland under Pillar I pay-
ments, which exclude shrublands, even though they were
traditionally grazed in Greece and thus affect a large num-
ber of livestock farms (Ragkos et al. 2017). In Romania,
small-scale farmers also felt disadvantaged by the CAP eli-
gibility rules for Pillar I payments on minimum plot sizes
(Jitea et al. 2021). At the same time, measures for Ecological
Focus Areas exclude over 48% of the farmed EU area due
to a minimum land area requirements (Schulte et al. 2019).
In Germany, the uptake of agroforestry was constrained by
bureaucracy requiring farmers to divide fields in areas with
and without trees, complicating the application for Pillar I
payments (Burgess and Rosati 2018). Bureaucratic require-
ments can also work directly against what makes sense for
the individual environmental circumstances, e.g., when pre-
scribing management measures under agri-environmental
agreements (Schermer et al. 2016).

Unattractive conditions for agri-environmental measures
or Pillar I payments can also create a great bureaucratic load,
and insufficient advice or information, and low payments
that do not compensate farmers adequately, can create bar-
riers to the uptake of more environmentally friendly prac-
tices (Jitea et al. 2021; Guyomard et al. 2021; Popovici et al.
2021; Schermer et al. 2016). Uptake of organic farming can
also be hindered by unattractive payment rates related to the
small CAP budget devoted to the sector (Stubenrauch et al.
2021). Criticism of Pillar I payments also raise issues of
missing education provision that encourages successful farm
strategies that do not rely on payments (Noll et al. 2020) and
a too narrow focus on monocultures and profitability within
the CAP (Plieninger et al. 2021).

Limitations of the review

This review set out to compile the scientific evidence on
how EU agricultural policies impacted the livestock sector
on different sustainability dimensions. The focus on policies
within the CAP was not intentional, but rather evolved
from the papers per se. We are aware of the limitations
this imposes on the “completeness” of the impacts,
e.g., the question of additionality in implementing agri-
environmental measures, is not extensively covered, but
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this is a dis-incentive to farmers already applying more
nature friendly methods. Some authors propose to extend
the EFA measure by habitats not currently covered by
cross-compliance (or conditionality), or to consider the
quality of habitats instead of quantity (Larkin et al. 2019).
Nevertheless, the gathered material allows for a reflection
of how impacts and issues are linked to the three leverage
points described by Abson et al. (2017) and thus relate to
fostering or hindering transformative change in the livestock
sector. At the same time, the small number of papers relating
to the Leverage Points concepts points towards a research
gap of considering change in livestock sector rather than
providing an assessment of the current state of systems.
We furthermore acknowledge the fact that the framing of
farm animals as “livestock” in this review may have limited
findings especially related to reconnecting with the natural
world under the leverage concept or the One Welfare
approach.

Conclusions

A review of peer-reviewed papers of the impacts of EU
agricultural policies on livestock systems has revealed the
following insights:

e Economic and environmental aspects are covered more
by the assessed literature than social topics, which may
be linked to a lack of agreement on what these entail and
how they should be measured.

e Changes to production structures are not homogenous within
the EU. Consolidation, specialisation, and intensification are
occurring simultaneously with decline and abandonment,
e.g., due to eligibility criteria of some CAP measures, spe-
cialised systems benefit more than diverse ones.

e The positive relationship between farm size and pay-
ments received is an incentive to increase the size of
farms and drives intensification, yet this is highly context
specific. Payments for voluntary environmental schemes
are often too low. Thus, increasing premiums can work
as an incentive for greater uptake, especially in high-
production areas.

e Maintaining a farming identity is often perceived as desir-
able even if economically unviable. This identity helps to
stabilise food production and supports rural communities.
Yet, dependence on subsidies, especially for small-scale
extensive systems can prevent necessary innovation.

The various CAP reforms have had a particularly
negative impact on the sustainability of the livestock
sector in the EU. They have contributed to intensifica-
tion and simplification, the increased use of external
inputs, changes in grazing and pasture management

as well as breeds and increased stocking densities,
often with negative impacts on the environment and
animal welfare. More recent EU policy reforms have
focused increasingly on improving the sustainability of
farming systems, however due to a lack of regulation,
enforcement, farmer support, willingness of policy-
makers, concrete targets or target inconsistencies; as
well as the exclusion of farmers, livestock farming in
the EU is still linked to issues across all sustainability
dimensions.

This can be related to a focus on shallow interven-
tions such as cross-compliance regulations or condi-
tionality, environmental focus areas for protection, or
agri-environmental payments, which are unable to trig-
ger profound changes. This limited approach is paired
with scientific analysis which often focusses on single
aspects and favours the measurement of material flows
and feedbacks. Since greater impact for system change is
attributed to changes of its intent, it is worth underlining
that the current challenges related to livestock farming
are also linked to a shortfall in addressing this intent
by policy and science alike. Currently, clashes between
human, animal and environmental interests are limit-
ing progress towards developing and reaching binding
sustainability targets. It seems obvious that the lower
level interventions that are currently observed will not
be sufficient to resolve the environmental, economic
and social challenges facing European livestock sys-
tems, which calls for an urgent and rigid reflection on
the scale and proportionality of human demands on the
food system.

Overall the systematic review of studies on the impact
of EU agriculture policies on livestock farming shows
gaps in research and policy in terms of holistic sustaina-
bility concepts. Furthermore, it highlights the importance
of integrating holistic worldviews in policy design — to
ensure that the relationships between human interest(s),
nature and farmed animals are represented and acted on
accordingly

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10460-024-10595-y.

Acknowledgements We would like to thank the reviewers for their
useful suggestions and helpful feedback.

Funding Every author reports financial support from the PATH-
WAYS project (https://www.pathways-project.com), funded through
the European Union’s Horizon 2020 Research and Innovation
Programme, under grant agreement No 101000395. Pierre-Marie
Aubert’s, Ariane Sans’ and Nathalie Bolduc’s work received support
from the French government in the framework of the programme
“Investissements d’avenir,” managed by ANR (the French National
Research Agency) under the reference ANR-10-LABX-01.

@ Springer


https://doi.org/10.1007/s10460-024-10595-y
https://www.pathways-project.com

N. Adams et al.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

Abson, David J., Joern Fischer, Julia Leventon, Jens Newig, Thomas
Schomerus, Ulli Vilsmaier, Paivi Abernethy Henrik von
Wehrden, Christopher D. Ives, Nicolas W. Jager, and Daniel J.
Lang. 2017. Leverage points for sustainability transformation.
Ambio. https://doi.org/10.1007/s13280-016-0800-y.

Albaladejo Roman, Antonio. 2023. EU feed autonomy - Closing the
gaps in European food security. Brussels: European Parliamen-
tary Research Service.

Alexandri, Cecilia, Bianca Pauna, and Corina Saman. 2020. The Rela-
tionship Between Total Factor Productivity and Subsidies in the
Case of Romanian Farms. Journal for Economic Forecasting 0
(4): 85-98.

Barnes, Andrew, Lee-Ann. Sutherland, Luiza Toma, Keith Matthews,
and Steven Thomson. 2016. The effect of the Common Agri-
cultural Policy reforms on intentions towards food production:
Evidence from livestock farmers. Land Use Policy. https://doi.
org/10.1016/j.landusepol.2015.10.017.

Bealey, William J., Anthony J. Doré, Ulrike Dragosits, Stefan Reis,
David S. Reay, and Mark A. Sutton. 2016. The potential for
tree planting strategies to reduce local and regional ecosystem
impacts of agricultural ammonia emissions. Journal of Environ-
mental Management. https://doi.org/10.1016/j.jenvman.2015.09.
012.

Belanche, Alejandro, Daniel Martin-Collado, Gus Rose, and David
R. Yafiez-Ruiz. 2021. A multi-stakeholder participatory study
identifies the priorities for the sustainability of the small rumi-
nants farming sector in Europe. Animal. https://doi.org/10.1016/j.
animal.2020.100131.

Bell, Matt J., Eileen Wall, Geoffrey Simm, and George C. Russell.
2011. Effects of genetic line and feeding system on methane
emissions from dairy systems. Animal Feed Science and Tech-
nology. https://doi.org/10.1016/j.anifeedsci.2011.04.049.

Bertolozzi-Caredio, Daniele, Isabel Bardaji, Isabeau Coopmans, Bar-
bara Soriano, and Alberto Garrido. 2020. Key steps and dynam-
ics of family farm succession in marginal extensive livestock
farming. Journal of Rural Studies. https://doi.org/10.1016/j.jrurs
tud.2020.04.030.

Bonazzi, Giuseppe, Paolo Camanzi, Giovanni Ferri, Elisa Manghi, and
Mattia Iotti. 2021. Economic Sustainability of Pig Slaughtering
Firms in the Production Chain of Denomination of Origin Hams
in Italy. Sustainability. https://doi.org/10.3390/su13147639.

Brennan, Mary, T. Hennessy, and Emma Jane Dillon. 2021. Embed-
ding animal welfare in sustainability assessment: an indicator
approach. Journal of Agricultural and Food Research. https://
doi.org/10.15212/ijafr-2020-0133.

@ Springer

Burgess, Paul J., and Adolfo Rosati. 2018. Advances in European agro-
forestry: results from the AGFORWARD project. Agroforestry
Systems. https://doi.org/10.1007/s10457-018-0261-3.

Cammarata, Mariarita, Giuseppe Timpanaro, and Alessandro Scuderi.
2021. Assessing Sustainability of Organic Livestock Farming in
Sicily: A Case Study Using the FAO SAFA Framework. Agricul-
ture. https://doi.org/10.3390/agriculture11030274.

Cillero, Martinez, Fiona Thorne Maria, Michael Wallace, James Breen,
and Thia Hennessy. 2018. The effects of direct payments on tech-
nical efficiency of irish beef farms: a stochastic frontier analy-
sis. Journal of Agricultural Economics. https://doi.org/10.1111/
1477-9552.12259.

Cortignani, Raffaele, and Gabriele Dono. 2018. Agricultural policy
and climate change: An integrated assessment of the impacts on
an agricultural area of Southern Italy. Environmental Science &
Policy. https://doi.org/10.1016/j.envsci.2017.12.003.

Creemer, Sarah, Steven Van Passel, Mauro Vigani, and George Vlahos.
2019. Relationship between farmers’ perception of sustainability
and future farming strategies: A commodity-level comparison.
AIMS Agriculture and Food. https://doi.org/10.3934/agrfood.
2019.3.613.

de Boer, Imke J.M.., Christel Cederberg, Sandra J. Eady, Sebastian
Gollnow, Troels Kristensen, Michael J. MacLeod, Marijke Meul,
Thomas Nemecek, Le Thanh Phong, Greg J. Thoma, Hayo M. G.
van der Werf, Adrian G. Williams, and A Zonderland-Thomas-
sen. Marlies. 2011. Greenhouse gas mitigation in animal produc-
tion: towards an integrated life cycle sustainability assessment.
Current Opinion in Environmental Sustainability. https://doi.org/
10.1016/j.cosust.2011.08.007.

de Olde, Evelien M., Gerrit J. Carsjens, and Catharina H. A. M. Eilers.
2017. The role of collaborations in the development and imple-
mentation of sustainable livestock concepts in The Netherlands.
International Journal of Agricultural Sustainability. https://doi.
org/10.1080/14735903.2016.1193423.

de la Cruz, Vera, V. Ysabel, Weiguo Cheng Tantriani, and Keitaro
Tawaraya. 2023. Yield gap between organic and conventional
farming systems across climate types and sub-types: A meta-
analysis. Agricultural Systems. https://doi.org/10.1016/j.agsy.
2023.103732.

Dillon, Pat, John R. Roche, Laurence Shalloo, and Brendan Horan.
2005. Optimising financial return from grazing in temper-
ate pastures. In Utilisation of grazed grass in temperate ani-
mal systems, ed. J. Murphy, 131-147. https://doi.org/10.3920/
978-90-8686-554-3

Duvaleix, Sabine, Marie Lassalas, Laure Latruffe, Vasilia Konstan-
tidelli, and Irene Tzouramani. 2020. Adopting environmentally
friendly farming practices and the role of quality labels and pro-
ducer organisations: a qualitative analysis based on two euro-
pean case studies. Sustainability. https://doi.org/10.3390/sul22
410457.

Ermgassen, Zu., K.H.J. Erasmus, Ben Phalan, Rhys E. Green, and
Andrew Balmford. 2016. Reducing the land use of EU pork pro-
duction: where there’s swill, there’s a way. Food Policy. https://
doi.org/10.1016/j.foodpol.2015.11.001.

Institut d'économie industrielle. 2008. Economic impact of the aboli-
tion of the milk quota regime — regional analysis of the milk pro-
duction in the EU. Study financed by the European Commission.
Contract 30-C3-0144181/00-30. https://agriculture.ec.europa.eu/
common-agricultural-policy/cap-overview/cmef/products-and-
markets/economic-impact-abolition-milk-quota-regime-regional-
analysis-milk-production-eu_en. Accessed 24 November 2023.

European Commission (EC). 2022a. The new common agricultural
policy: 2023-27. European Commission. https://agriculture.ec.
europa.eu/common-agricultural-policy/cap-overview/new-cap-
2023-27_en. Accessed 15 September 2022.


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s13280-016-0800-y
https://doi.org/10.1016/j.landusepol.2015.10.017
https://doi.org/10.1016/j.landusepol.2015.10.017
https://doi.org/10.1016/j.jenvman.2015.09.012
https://doi.org/10.1016/j.jenvman.2015.09.012
https://doi.org/10.1016/j.animal.2020.100131
https://doi.org/10.1016/j.animal.2020.100131
https://doi.org/10.1016/j.anifeedsci.2011.04.049
https://doi.org/10.1016/j.jrurstud.2020.04.030
https://doi.org/10.1016/j.jrurstud.2020.04.030
https://doi.org/10.3390/su13147639
https://doi.org/10.15212/ijafr-2020-0133
https://doi.org/10.15212/ijafr-2020-0133
https://doi.org/10.1007/s10457-018-0261-3
https://doi.org/10.3390/agriculture11030274
https://doi.org/10.1111/1477-9552.12259
https://doi.org/10.1111/1477-9552.12259
https://doi.org/10.1016/j.envsci.2017.12.003
https://doi.org/10.3934/agrfood.2019.3.613
https://doi.org/10.3934/agrfood.2019.3.613
https://doi.org/10.1016/j.cosust.2011.08.007
https://doi.org/10.1016/j.cosust.2011.08.007
https://doi.org/10.1080/14735903.2016.1193423
https://doi.org/10.1080/14735903.2016.1193423
https://doi.org/10.1016/j.agsy.2023.103732
https://doi.org/10.1016/j.agsy.2023.103732
https://doi.org/10.3920/978-90-8686-554-3
https://doi.org/10.3920/978-90-8686-554-3
https://doi.org/10.3390/su122410457
https://doi.org/10.3390/su122410457
https://doi.org/10.1016/j.foodpol.2015.11.001
https://doi.org/10.1016/j.foodpol.2015.11.001
https://agriculture.ec.europa.eu/common-agricultural-policy/cap-overview/cmef/products-and-markets/economic-impact-abolition-milk-quota-regime-regional-analysis-milk-production-eu_en
https://agriculture.ec.europa.eu/common-agricultural-policy/cap-overview/cmef/products-and-markets/economic-impact-abolition-milk-quota-regime-regional-analysis-milk-production-eu_en
https://agriculture.ec.europa.eu/common-agricultural-policy/cap-overview/cmef/products-and-markets/economic-impact-abolition-milk-quota-regime-regional-analysis-milk-production-eu_en
https://agriculture.ec.europa.eu/common-agricultural-policy/cap-overview/cmef/products-and-markets/economic-impact-abolition-milk-quota-regime-regional-analysis-milk-production-eu_en
https://agriculture.ec.europa.eu/common-agricultural-policy/cap-overview/new-cap-2023-27_en
https://agriculture.ec.europa.eu/common-agricultural-policy/cap-overview/new-cap-2023-27_en
https://agriculture.ec.europa.eu/common-agricultural-policy/cap-overview/new-cap-2023-27_en

Assessing the impacts of EU agricultural policies on the sustainability of the livestock sector:...

European Commission (EC), Directorate-General for Agriculture and
Rural Development. 2022b. Study on CAP measures and instru-
ments promoting animal welfare and reduction of antimicrobials
use — Executive summary. Brussels: Publications Office of the
European Union. https://data.europa.eu/doi/10.2762/297287.
Accessed 24 November 2023

Eurostat. 2021. Key figures on the European food chain - 2021 edition.
Luxembourg: Publications Office of the European Union. https://
ec.europa.eu/eurostat/documents/3217494/13957877/KS-FK-21-
001-EN-N.pdf. Accessed 27 September 2022.

Filho, Leal, Amanda Lange Walter, Claudio Ruy Salvia, Portela
Vasconcelos, Rosley Anholon, Izabela Simon Rampasso, Jodo
Henrique Paulino Pires. Eustachio, Olena Liakh, Maria Alzira
Pimenta. Dinis, Raquel Cementina Olpoc, Joseph Bandanaa,
Yusuf A. Aina, Regine Lolekola Lukina, and Ayyoob Sharifi.
2022. Barriers to institutional social sustainability. Sustainability
Science. https://doi.org/10.1007/s11625-022-01204-0.

Food and Agriculture Organization of the United Nations (FAO). 2014.
SAFA Sustainability Assessment of Food and Agriculture Systems
Guidelines Version 3.0. Rome: FAO publications. https://openk
nowledge.fao.org/items/84c84661-7172-415¢c-b66e-7cleee5dbo
75. Accessed 14 December 2023.

Friih-Miiller, Andrea, Martin Bach, Lutz Breuer, Stefan Hotes, Thomas
Koellner, Christian Krippes, and Volkmar Wolters. 2019. The
use of agri-environmental measures to address environmen-
tal pressures in Germany: Spatial mismatches and options for
improvement. Land Use Policy. https://doi.org/10.1016/j.landu
sepol.2018.10.049.

Garcia-Martinez, Anastacio, Alberto Bernués, and Ana M. Olaizola.
2011. Simulation of mountain cattle farming system changes
under diverse agricultural policies and off-farm labour scenarios.
Livestock Science. https://doi.org/10.1016/j.1ivsci.2010.10.002.

Garnett, Tara. 2009. Livestock-related greenhouse gas emissions:
impacts and options for policy makers. Environmental Science
& Policy. https://doi.org/10.1016/j.envsci.2009.01.006.

Garske, Beatrice, and Felix Ekardt. 2021. Economic policy instruments
for sustainable phosphorus management: taking into account cli-
mate and biodiversity targets. Environmental Sciences Europe.
https://doi.org/10.1186/s12302-021-00499-7.

Garske, Beatrice, Antonia Bau, and Felix Ekardt. 2021. Digitaliza-
tion and Al in european agriculture: a strategy for achieving
climate and biodiversity targets? Sustainability. https://doi.org/
10.3390/su13094652.

Gaudino, Stefano, Pytrik Reidsma, Argyris Kanellopoulos, Dario
Sacco, and Martin K. Van Ittersum. 2018. Integrated assess-
ment of the EU’s greening reform and feed self-sufficiency sce-
narios on dairy farms in piemonte, Italy. Agriculture. https://
doi.org/10.3390/agriculture8090137.

Gren, Ing-Marie., Emma Moberg, Sarah Sill, and Elin R66s. 2019.
Design of a climate tax on food consumption: Examples of
tomatoes and beef in Sweden. Journal of Cleaner Production.
https://doi.org/10.1016/j.jclepro.2018.11.238.

Grodea, Mariana. 2020. Coupled support contribution to regional
development of the sheep and goat sector in Romania. Scien-
tific Papers Series “Management, Economic Engineering in
Agriculture and Rural Development” 20: 237-244.

Guyomard, Hervé, Zohra Bouamra-Mechemache, Vincent Chatel-
lier, Luc Delaby, Cécile. Détang-Dessendre, Jean Louis Pey-
raud, and Vincent Réquillart. 2021. Review: Why and how
to regulate animal production and consumption: The case of
the European Union. Animal. https://doi.org/10.1016/j.animal.
2021.100283.

Horrillo, Andrés, Miguel Escribano, Francisco J. Mesias, Ahmed
Elghannam, and Paula Gaspar. 2016. Is there a future for organic
production in high ecological value ecosystems? Agricultural
Systems. https://doi.org/10.1016/j.agsy.2015.12.015.

Hristov, Alexander N., Joonpyo Oh, Cheng-Chia Lee, Robert Meinen,
Felipe Montes, Troy L. Ott, Jeff Firkins, Clarence Alan Rotz,
Curtis Dell, Adegbola T. Adesogan, Wenzhu Yang, Juan Tri-
carico, Ermias Kebreab, Garry Waghorn, Jan Dijkstra, and
Simon Oosting. 2013. Mitigation of greenhouse gas emissions
in livestock production — A review of technical options for non-
CO2 emissions. Ed. Pierre J. Gerber, Benjamin Henderson and
Harinder P.S. Makkar. Rome: FAO Animal Production and
Health Paper 177. https://openknowledge.fao.org/handle/20.500.
14283/i13288e. Accessed 14 November 2023.

Ivanov, Bozhidar. 2020. CAP support policy impact on Bulgarian agri-
culture. Bulgarian Journal of Agricultural Science 26: 268-274.

Ives, Christopher D., David J. Abson, Henrik von Wehrden, Christian
Dorninger, Kathleen Klaniecki, and Joern Fischer. 2018. Recon-
necting with nature for sustainability. Sustainability Science.
https://doi.org/10.1007/s11625-018-0542-9.

Janker, Judith, and Stefan Mann. 2020. Understanding the social
dimension of sustainability in agriculture: a critical review of
sustainability assessment tools. Environment, Development and
Sustainability. https://doi.org/10.1007/s10668-018-0282-0.

Janker, Judith, Stefan Mann, and Stephan Rist. 2019. Social sustain-
ability in agriculture — A system-based framework. Journal of
Rural Studies. https://doi.org/10.1016/j.jrurstud.2018.12.010.

Jensen, Hans Grinsted, Christian Elleby, and Ignacio Pérez.
Dominguez. 2021. Reducing the European Union’s plant protein
deficit: Options and impacts. Agricultural Economics - Czech
67:391-398.

Jitea, Mugurel Ionel, Diana Elena Dumitras, and Vasile Alexandru
Simu. 2016. An ex-ante impact assessment of the Common
Agricultural Policy reform in the North-Western Romania.
Agricultural Economics Czech. https://doi.org/10.17221/116/
2014-AGRICECON.

Jitea, Mugurel Ionel, Valentin C. Mihai, Felix H. Arion, Iulia C. Mure-
san, and Diana E. Dumitras. 2021. Innovation Gaps and Barriers
in Alternative Innovative Solutions for Sustainable High Nature
Value Grasslands. Evidence from Romania. Agriculture. https://
doi.org/10.3390/agriculture11030235.

Kaiser, Florian G., Katarzyna Byrka, and Terry Hartig. 2010. Reviving
campbell’s paradigm for attitude research. Personality and Social
Psychology Review. https://doi.org/10.1177/1088868310366452.

Karlsson, Johan O., Alejandro Parodi, Hannah H. E. van Zanten, Per-
Anders. Hansson, and Elin R66s. 2021. Halting European Union
soybean feed imports favours ruminants over pigs and poultry.
Nature Food. https://doi.org/10.1038/s43016-020-00203-7.

Key, Nigel, and Michael J. Roberts. 2009. Nonpecuniary benefits to
farming: implications for supply response to decoupled pay-
ments. American Journal of Agricultural Economics. https://
doi.org/10.1111/j.1467-8276.2008.01180.x.

Kilgarriff, Paul, Mary Ryan, Cathal O’Donoghue, Stuart Green, O.
Daire, and hUallachain. 2020. Livestock exclusion from water-
courses: Policy effectiveness and implications. Environmental
Science & Policy. https://doi.org/10.1016/j.envsci.2020.01.013.

Knapp, Samuel, and Marcel G. A. van der Heijden. 2018. A global
meta-analysis of yield stability in organic and conservation
agriculture. Nature Communications. https://doi.org/10.1038/
s41467-018-05956-1.

Koninger, Julia, Emanuele Lugato, Panos Panagos, Mrinalini Kochupil-
lai, Alberto Orgiazzi, and Maria J. I. Briones. 2021. Manure
management and soil biodiversity: Towards more sustainable
food systems in the EU. Agricultural Systems. https://doi.org/
10.1016/j.agsy.2021.103251.

Koutsos, Thomas M., Georgios C. Menexes, and Christos A. Dordas.
2019. An efficient framework for conducting systematic literature
reviews in agricultural sciences. Science of the Total Environ-
ment. https://doi.org/10.1016/j.scitotenv.2019.04.354.

@ Springer


https://ec.europa.eu/eurostat/documents/3217494/13957877/KS-FK-21-001-EN-N.pdf
https://ec.europa.eu/eurostat/documents/3217494/13957877/KS-FK-21-001-EN-N.pdf
https://ec.europa.eu/eurostat/documents/3217494/13957877/KS-FK-21-001-EN-N.pdf
https://doi.org/10.1007/s11625-022-01204-0
https://openknowledge.fao.org/items/84c84661-7172-415c-b66e-7c1eee5db675
https://openknowledge.fao.org/items/84c84661-7172-415c-b66e-7c1eee5db675
https://openknowledge.fao.org/items/84c84661-7172-415c-b66e-7c1eee5db675
https://doi.org/10.1016/j.landusepol.2018.10.049
https://doi.org/10.1016/j.landusepol.2018.10.049
https://doi.org/10.1016/j.livsci.2010.10.002
https://doi.org/10.1016/j.envsci.2009.01.006
https://doi.org/10.1186/s12302-021-00499-7
https://doi.org/10.3390/su13094652
https://doi.org/10.3390/su13094652
https://doi.org/10.3390/agriculture8090137
https://doi.org/10.3390/agriculture8090137
https://doi.org/10.1016/j.jclepro.2018.11.238
https://doi.org/10.1016/j.animal.2021.100283
https://doi.org/10.1016/j.animal.2021.100283
https://doi.org/10.1016/j.agsy.2015.12.015
https://openknowledge.fao.org/handle/20.500.14283/i3288e
https://openknowledge.fao.org/handle/20.500.14283/i3288e
https://doi.org/10.1007/s11625-018-0542-9
https://doi.org/10.1007/s10668-018-0282-0
https://doi.org/10.1016/j.jrurstud.2018.12.010
https://doi.org/10.17221/116/2014-AGRICECON
https://doi.org/10.17221/116/2014-AGRICECON
https://doi.org/10.3390/agriculture11030235
https://doi.org/10.3390/agriculture11030235
https://doi.org/10.1177/1088868310366452
https://doi.org/10.1038/s43016-020-00203-7
https://doi.org/10.1111/j.1467-8276.2008.01180.x
https://doi.org/10.1111/j.1467-8276.2008.01180.x
https://doi.org/10.1016/j.envsci.2020.01.013
https://doi.org/10.1038/s41467-018-05956-1
https://doi.org/10.1038/s41467-018-05956-1
https://doi.org/10.1016/j.agsy.2021.103251
https://doi.org/10.1016/j.agsy.2021.103251
https://doi.org/10.1016/j.scitotenv.2019.04.354

N. Adams et al.

Kranjac, David, Krunoslav Zmaic, Ivo Grgic, Petra Salamon, and Emil
Erjavec. 2020. Accession impact and outlook for Croatian and
EU crop and livestock markets. Spanish Journal of Agricultural
Research. https://doi.org/10.5424/sjar/2020181-14669.

Krieger, Margret, Philip J. Jones, Isabel Blanco-Penedo, Julie E. Duval,
Ulf Emanuelson, Susanne Hoischen-Taubner, Karin Sjostrom,
and Albert Sundrum. 2020. Improving animal health on organic
dairy farms: stakeholder views on policy options. Sustainability.
https://doi.org/10.3390/su12073001.

Kuhn, Till, Lennart Kokemohr, and Karin Holm-Miiller. 2018. A life
cycle assessment of liquid pig manure transport in line with EU
regulations: A case study from Germany. Journal of Environmen-
tal Management. https://doi.org/10.1016/j.jenvman.2018.03.082.

Kuhn, Till, Andreas Enders, Thomas Gaiser, David Schifer, Amit
Kumar Srivastava, and Wolfgang Britz. 2020. Coupling crop and
bio-economic farm modelling to evaluate the revised fertilization
regulations in Germany. Agricultural Systems. https://doi.org/10.
1016/j.agsy.2019.102687.

Lipple, Doris, and Gordon Sirr. 2019. Dairy Intensification and Quota Abo-
lition: A Comparative Study of Production in Ireland and the Neth-
erlands. EuroChoices. https://doi.org/10.1111/1746-692X.12213.

Léapple, Doris, Colin A. Carter, and Cathal Buckley. 2022. EU milk
quota abolition, dairy expansion, and greenhouse gas emissions.
Agricultural Economics. https://doi.org/10.1111/agec.12666.

Larkin, Julie, Helen Sheridan, John A. Finn, Hannah Denniston, and
Daire O hUallachin. 2019. Semi-natural habitats and Ecologi-
cal Focus Areas on cereal, beef and dairy farms in Ireland. Land
Use Policy. https://doi.org/10.1016/j.1andusepol.2019.104096.

Lee, Michael R. F., Jodo Pedro. Domingues, Graham A. McAuliffe,
Muriel Tichit, Francesco Accatino, and Taro Takahashi. 2021.
Nutrient provision capacity of alternative livestock farming sys-
tems per area of arable farmland required. Scientific Reports.
https://doi.org/10.1038/s41598-021-93782-9.

Leone, Luca. 2020. Farm animal welfare under scrutiny: issues
unsolved by the EU legislator. European Journal of Legal Stud-
ies. https://doi.org/10.2924/EJL.S.2019.017.

Lessire, Frangoise, Samuel Jacquet, Didier Veselko, Emile Piraux, and
Isabelle Dufrasne. 2019. Evolution of grazing practices in bel-
gian dairy farms: results of two surveys. Sustainability. https://
doi.org/10.3390/sul1153997.

Llonch, Pol, Marie J. Haskell, Richard J. Dewhurst, and Simon P. Turner.
2017. Current available strategies to mitigate greenhouse gas emis-
sions in livestock systems: an animal welfare perspective. Animal.
https://doi.org/10.1017/S1751731116001440.

Martinho, Vitor Jodo Pereira Domingues. 2020. The evolution of
the milk sector in Portugal: Implications from the Common
Agricultural Policy. Open Agriculture. https://doi.org/10.1515/
opag-2020-0061.

Martinho, Vitor Jodo Pereira Domingues. 2022. European Union
farming systems: Insights for a more sustainable land use. Land
Degradation & Development. https://doi.org/10.1002/1dr.4168.

McDonald, Roberta, Aine. Macken-Walsh, Karina Pierce, and Brendan
Horan. 2014. Farmers in a deregulated dairy regime: Insights
from Ireland’s New Entrants Scheme. Land Use Policy. https://
doi.org/10.1016/j.1andusepol.2014.04.018.

Meadows, Donella. 1999. Leverage points: Places to intervene in a
system. The Sustainability Institute.

Meredith, Stephen, and Kaley Hart. 2019. CAP 2021-27: Using the
eco-scheme to maximise environmental and climate benefits.
Brussels: Institute for European Environmental Policy.

Muiioz-Ulecia, Enrique, Alberto Bernués, Isabel Casastis, Ana M.
Olaizola, Sandra Lobén, and Daniel Martin-Collado. 2021. Driv-
ers of change in mountain agriculture: A thirty-year analysis of
trajectories of evolution of cattle farming systems in the Spanish
Pyrenees. Agricultural Systems. https://doi.org/10.1016/j.agsy.
2020.102983.

@ Springer

Negre, Francois. 2022. The common agricultural policy — instruments
and reforms. https://www.europarl.europa.eu/factsheets/en/sheet/
107/the-common-agricultural-policy-instruments-and-reforms.
Accessed 03 August 2022.

Némethova, Jana, and M. Hudakova. 2019. Dynamics of livestock
production development in the Slovak Republic between the
years 2004 and 2017 and potential impact of the changes on the
agricultural sector and landscape. Applied Ecology and Environ-
mental Research 17: 7649-7666.

Némethova, Jana, Alena Dubcova, Ludmila Nagyova, and Hilda
Kraméarekova. 2017. Ecological Farming in Slovakia and Its
Regional Disparities. European Countryside 9: 746-768.

Niloofar, Parisa, Sanja Lazarova-Molnar, Drisya Alex Thumba, and Kamrul
Islam Shahin. 2023. A conceptual framework for holistic assessment
of decision support systems for sustainable livestock farming. Eco-
logical Indicators. https://doi.org/10.1016/j.ecolind.2023.111029.

Noll, Dominik, Christian Lauk, Veronika Gaube, and Dominik Wieden-
hofer. 2020. Caught in a Deadlock: small ruminant farming on
the greek island of samothrace. The importance of regional con-
texts for effective EU agricultural policies. Sustainability. https://
doi.org/10.3390/su12030762.

Oenema, Jouke, Herman van Keulen, Rene L. M. Schils, H. Frans, and
M. Aarts. 2011. Participatory farm management adaptations to
reduce environmental impact on commercial pilot dairy farms
in the Netherlands. NJAS Wageningen Journal of Life Sciences.
https://doi.org/10.1016/j.njas.2010.08.001.

Ohlund, Erika, Monica Hammer, and Johanna B jorklund. 2017. Man-
aging conflicting goals in pig farming: farmers’ strategies and
perspectives on sustainable pig farming in Sweden. International
Journal of Agricultural Sustainability. https://doi.org/10.1080/
14735903.2017.1399514.

Olagunju, Kehinde Oluseyi, Myles Patton, and Siyi Feng. 2020. Esti-
mating the impact of decoupled payments on farm production in
Northern ireland: an instrumental variable fixed effect approach.
Sustainability. https://doi.org/10.3390/su12083222.

Ostrom, Elinor. 2009. A general framework for analyzing sustainability
of social-ecological systems. Science. https://doi.org/10.1126/
science.1172133.

Page, Matthew J., Joanne E. McKenzie, Patrick M. Bossuyt, Isabelle
Boutron, Tammy C. Hoffmann, Cynthia D. Mulrow, Larissa
Shamseer, Jennifer M. Tetzlaff, Elie A. Akl, Sue E. Brennan,
Roger Chou, Julie Glanville, Jeremy M. Grimshaw, Asbjgrn
Hrébjartsson, Manoj M. Lalu, Tianjing Li, Elizabeth W. Loder,
Evan Mayo-Wilson, Steve McDonald, Luke A. McGuinness,
Lesley A. Stewart, James Thomas, Andrea C. Tricco, Vivian A.
Welch, Penny Whiting, and David Moher. 2021. The PRISMA
2020 statement: an updated guideline for reporting systematic
reviews. BMJ. https://doi.org/10.1136/bmj.n71.

Paterson, Kirsty C., and Nicholas M. Holden. 2019. Assessment of
policy conflict using systems thinking: A case study of carbon
footprint reduction on Irish dairy farms. Environmental Science
& Policy. https://doi.org/10.1016/j.envsci.2019.07.008.

Pavi¢, Lazar, Jernej Turk, Ivo Grgi¢, and Jernej Prisenk. 2020. Impact
analysis of the young farmers’ support program on slovenian
dairy sector development using econometric modeling approach.
Agronomy. https://doi.org/10.3390/agronomy 10030429.

Pérez-Lombardini, Fernanda, Karen F. Mancera, Gerardo Suzan, Julio
Campo, Javier Solorio, and Francisco Galindo. 2021. Assess-
ing sustainability in cattle silvopastoral systems in the Mexican
tropics using the SAFA framework. Animals. https://doi.org/10.
3390/ani11010109.

Pieper, Maximilian, Amelie Michalke, and Tobias Gaugler. 2020. Cal-
culation of external climate costs for food highlights inadequate
pricing of animal products. Nature Communications. https://doi.
org/10.1038/s41467-020-19474-6.


https://doi.org/10.5424/sjar/2020181-14669
https://doi.org/10.3390/su12073001
https://doi.org/10.1016/j.jenvman.2018.03.082
https://doi.org/10.1016/j.agsy.2019.102687
https://doi.org/10.1016/j.agsy.2019.102687
https://doi.org/10.1111/1746-692X.12213
https://doi.org/10.1111/agec.12666
https://doi.org/10.1016/j.landusepol.2019.104096
https://doi.org/10.1038/s41598-021-93782-9
https://doi.org/10.2924/EJLS.2019.017
https://doi.org/10.3390/su11153997
https://doi.org/10.3390/su11153997
https://doi.org/10.1017/S1751731116001440
https://doi.org/10.1515/opag-2020-0061
https://doi.org/10.1515/opag-2020-0061
https://doi.org/10.1002/ldr.4168
https://doi.org/10.1016/j.landusepol.2014.04.018
https://doi.org/10.1016/j.landusepol.2014.04.018
https://doi.org/10.1016/j.agsy.2020.102983
https://doi.org/10.1016/j.agsy.2020.102983
https://www.europarl.europa.eu/factsheets/en/sheet/107/the-common-agricultural-policy-instruments-and-reforms
https://www.europarl.europa.eu/factsheets/en/sheet/107/the-common-agricultural-policy-instruments-and-reforms
https://doi.org/10.1016/j.ecolind.2023.111029
https://doi.org/10.3390/su12030762
https://doi.org/10.3390/su12030762
https://doi.org/10.1016/j.njas.2010.08.001
https://doi.org/10.1080/14735903.2017.1399514
https://doi.org/10.1080/14735903.2017.1399514
https://doi.org/10.3390/su12083222
https://doi.org/10.1126/science.1172133
https://doi.org/10.1126/science.1172133
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1016/j.envsci.2019.07.008
https://doi.org/10.3390/agronomy10030429
https://doi.org/10.3390/ani11010109
https://doi.org/10.3390/ani11010109
https://doi.org/10.1038/s41467-020-19474-6
https://doi.org/10.1038/s41467-020-19474-6

Assessing the impacts of EU agricultural policies on the sustainability of the livestock sector:...

Pinillos, Rebeca Garcia, Michael Appleby, Xavier Manteca, Freda
Scott-Park, Charles Smith, and Antonio Velarde. 2016. One
Welfare - a platform for improving human and animal welfare.
Veterinary Record. https://doi.org/10.1136/vr.i5470.

Plieninger, Tobias, Lukas Flinzberger, Maria Hetman, Imke Horst-
mannshoff, Marilena Reinhard-Kolempas, Emmeline Topp,
Gerardo Moreno, and Lynn Huntsinger. 2021. Dehesas as high
nature value farming systems: a social-ecological synthesis of
drivers, pressures, state, impacts, and responses. Ecology and
Society. https://doi.org/10.5751/ES-12647-260323.

Popovici, Elena-Ana., Nicoleta Damian, Ines Grigorescu, and Mihaela
Persu. 2021. Indicator-based analysis of organic farming in
Romania. Regional spatial patterns. International Journal of
Agricultural Sustainability. https://doi.org/10.1080/14735903.
2021.2008194.

Ragkos, Athanasios, Eleni M. Abraham, Artemis Papadopoulou, Apos-
tolos P. Kyriazopoulos, Zoi M. Parissi, and Ioannis E. Hadjigeor-
giou. 2017. Effects of European Union agricultural policies on
the sustainability of grazingland use in a typical Greek rural area.
Land Use Policy. https://doi.org/10.1016/j.1andusepol.2017.04.
049.

Rodriguez-Rigueiro, Francisco Javier, José Javier. Santiago-Freijanes,
Maria Rosa. Mosquera-Losada, Marina Castro, Pablo Silva-
Losada, Andrea Pisanelli, Anastasia Pantera, Antonio Rigueiro-
Rodriguez, and Nuria Ferreiro-Dominguez. 2021. Silvopasture
policy promotion in European Mediterranean areas. PLoS ONE.
https://doi.org/10.1371/journal.pone.0245846.

Salou, Thibault, Hayo M. G. van der Werf, Fabrice Levert, Agneta
Forslund, Jonathan Hercule, and Chantal Le Mouél. 2017. Could
EU dairy quota removal favour some dairy production systems
over others? The case of French dairy production systems. Agri-
cultural Systems. https://doi.org/10.1016/j.agsy.2017.01.004.

Santana, Joana, Luis. Reino, Chris Stoate, Francisco Moreira, Paulo
F. Ribeiro, José L. Santos, John T. Rotenberry, and Pedro Beja.
2017. Combined effects of landscape composition and heteroge-
neity on farmland avian diversity. Ecology and Evolution. https://
doi.org/10.1002/ece3.2693.

Santeramo, Fabio Gaetano, Emilia Lamonaca, Marco Tappi, and Leon-
ardo Di Gioia. 2020. On the environmental impacts of voluntary
animal-based policies in the EU: Technical and political con-
siderations. Environmental Science & Policy. https://doi.org/10.
1016/j.envsci.2020.04.017.

Sarov, Angel, and Krasimir Kostenarov. 2019. The impact of CAP subsi-
dies on the agricultural enterprise’s production structure. Bulgarian
Journal of Agricultural Science 25: 10-17.

Schermer, Markus, Ika Darnhofer, Karoline Daugstad, Marine Gabil-
let, Sandra Lavorel, and Melanie Steinbacher. 2016. Institutional
impacts on the resilience of mountain grasslands: an analysis
based on three European case studies. Land Use Policy. https://
doi.org/10.1016/j.1andusepol.2015.12.009.

Schulte, Rogier P. O., Lilian O’Sullivan, Dirk Vrebos, Francesca
Bampa, Arwyn Jones, and Jan Staes. 2019. Demands on land:
Mapping competing societal expectations for the functionality
of agricultural soils in Europe. Environmental Science & Policy.
https://doi.org/10.1016/j.envsci.2019.06.011.

Scown, Murray W., Mark V. Brady, and Kimberly A. Nicholas. 2020.
Billions in Misspent EU Agricultural Subsidies Could Support
the Sustainable Development Goals. One Earth. https://doi.org/
10.1016/j.oneear.2020.07.011.

Springmann, Marco, Luke Spajic, Michael A. Clark, Joseph Poore,
Anna Herforth, Patrick Webb, Mike Rayner, and Peter Scarbor-
ough. 2020. The healthiness and sustainability of national and

global food based dietary guidelines: modelling study. BMJ.
https://doi.org/10.1136/bmj.m2322.

Stubenrauch, Jessica, Felix Ekardt, Katharine Heyl, Beatrice Gar-
ske, Valentina Louise Schott, and Susanne Ober. 2021. How to
legally overcome the distinction between organic and conven-
tional farming - Governance approaches for sustainable farming
on 100% of the land. Sustainable Production and Consumption.
https://doi.org/10.1016/j.spc.2021.06.006.

Stuhr, Luisa, Benjamin Leon Bodirsky, Melanie Jaeger-Erben, Felic-
itas Dorothea Beier, Claudia Hunecke, Quitterie Collignon,
and Hermann Lotze-Campen. 2021. German pig farmers’ per-
ceived agency under different nitrogen policies. Environmental
Research Communications. https://doi.org/10.1088/2515-7620/
acl8a6.

Valach, Maros. 2021. Support of agricultural sector in the Slovak
Republic. Scientific Papers Series Management, Economic Engi-
neering in Agriculture and Rural Development 21: 793-803.

van Leeuwen, Jeroen P., Nicolas P. A. Saby, Arwyn Jones, Geertrui
Louwagie, Erika Micheli, Michiel Rutgers, Rogier P. O. Schulte,
Heide Spiegel, Gergely Toth, and Rachel E. Creamer. 2017. Gap
assessment in current soil monitoring networks across Europe
for measuring soil functions. Environmental Research Letters.
https://doi.org/10.1088/1748-9326/aa%¢5c.

Veysset, Patrick, Didier Bébin, and Michel Lherm. 2005. Adaptation
to Agenda 2000 (CAP reform) and optimisation of the farm-
ing system of French suckler cattle farms in the Charolais area:
a model-based study. Agricultural Systems. https://doi.org/10.
1016/j.agsy.2004.03.006.

Vissers, Luuk S. M., Alfons G. J. M. Oude Lansink, and Helmut W.
Saatkamp. 2021. Exploring the performance of system changes
in Dutch broiler production to balance animal welfare, ammonia
emissions and particulate matter emissions with farm profitabil-
ity. Agricultural Systems. https://doi.org/10.1016/j.agsy.2021.
103217.

Walker, Brian, Crawford S. Holling, Stephen R. Carpenter, and Ann
Kinzig. 2004. Resilience, adaptability and transformability in
social-ecological systems. Ecology & Society 9: 5 ([online]).

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Nina Adams is a postdoctoral researcher in livestock systems at the
University of Reading on the project “Pathways for transitions to sus-
tainability in livestock husbandry and food systems”. Holding as M.Sc.
in Organic Farming and Food Production Systems from Newcastle
University, UK and a PhD in Geography from Philipps-University Mar-
burg, Germany, she is now involved in livestock policy evaluation,
holistic sustainability assessment and scenario development.

Ariane Sans worked as a trainee researcher at IDDRI. She was
involved in research on the political economy of transitions in the
agricultural and food sectors in the EU. She is currently working on
agricultural issues in the Seine-Normandy water basin, at the Seine-
Normandy water agency (Agence de I’eau Seine-Normandie). Ari-
ane holds a degree in agricultural engineering (AgroParisTech) and
a master’s degree in Economics of Sustainable Development and the
Environment (Paris-Saclay).

@ Springer


https://doi.org/10.1136/vr.i5470
https://doi.org/10.5751/ES-12647-260323
https://doi.org/10.1080/14735903.2021.2008194
https://doi.org/10.1080/14735903.2021.2008194
https://doi.org/10.1016/j.landusepol.2017.04.049
https://doi.org/10.1016/j.landusepol.2017.04.049
https://doi.org/10.1371/journal.pone.0245846
https://doi.org/10.1016/j.agsy.2017.01.004
https://doi.org/10.1002/ece3.2693
https://doi.org/10.1002/ece3.2693
https://doi.org/10.1016/j.envsci.2020.04.017
https://doi.org/10.1016/j.envsci.2020.04.017
https://doi.org/10.1016/j.landusepol.2015.12.009
https://doi.org/10.1016/j.landusepol.2015.12.009
https://doi.org/10.1016/j.envsci.2019.06.011
https://doi.org/10.1016/j.oneear.2020.07.011
https://doi.org/10.1016/j.oneear.2020.07.011
https://doi.org/10.1136/bmj.m2322
https://doi.org/10.1016/j.spc.2021.06.006
https://doi.org/10.1088/2515-7620/ac18a6
https://doi.org/10.1088/2515-7620/ac18a6
https://doi.org/10.1088/1748-9326/aa9c5c
https://doi.org/10.1016/j.agsy.2004.03.006
https://doi.org/10.1016/j.agsy.2004.03.006
https://doi.org/10.1016/j.agsy.2021.103217
https://doi.org/10.1016/j.agsy.2021.103217

N. Adams et al.

Karen-Emilie Trier Kreutzfeldt has a M.Sc. in Environmental Manage-
ment and Sustainability Science from Aalborg University in 2022. She
works at 2.-0 LCA consultants as an LCA consultant. Her interest is
LCAs on different fuel solutions and in the food and agricultural sec-
tor, and how useful communication of LCAs can contribute to various
decision-making processes both for B2B and B2C.

Maria Alejandra Arias Escobar works as a special consultant and interna-
tional advisor at the Innovation Centre for Organic Farming in Denmark.
She holds a PhD in Agricultural Sciences and a MSc in Agriculture and
Resource Management from the University of Bonn (Germany) and has
graduated in Ecology in Colombia. Her research interests are in testing
and implementing the use of recycling and nature-based solutions for
nutrient supply and management in farming systems.

Frank Willem Oudshoorn is a Senior Scientist in Sustainability and
Agricultural Climate Footprint working for the Innovation Centre
for Organic Farming in Denmark. He is also a permanent member
of EGTOP (expert group for technical advice on organic production)
which assist the EU Commission in the preparation of legislative pro-
posals and policy initiatives. He holds a PhD in Innovative technology
and organic dairy farming from Wageningen University. He is also very
active on international networking and project initiation.

Nathalie Bolduc is a senior researcher working on agriculture and

climate policy and an adjunct professor at Sciences Po Paris. With
a background in political science (Sciences Po Paris and Wellesley

@ Springer

College), her research focuses on the political economy of European
climate and agricultural policy.

Pierre-Marie Aubert is the programme leader of “Agriculture and food
policies” at the at the Institute for Sustainable Development and Inter-
national Relations. His activities focus on interactions between agricul-
tural development, food security and biodiversity protection. With his
background in biotechnical sciences (agronomy, forestry) and political
sociology, Pierre-Marie examines the sustainability of agricultural devel-
opment pathways. Alongside his activities at IDDRI, Pierre-Marie teaches
at Sciences Po Paris, AgroParisTech and University Paris Sud. He is also a
member of the Steering Committee of the Société Francaise d’Economie
Rurale (French Society of Rural Economics).

Laurence Graham Smith is a lecturer and researcher at the University
of Reading and at the Swedish University of Agricultural Sciences,
and the coordinator for the PATHWAYS project (www.pathways-proje
ct.com). He holds a BSc(Hons) in Organic Agriculture from Univer-
sity of Wales, Aberystwyth, and a PhD from Cranfield University. He
is interested in agroecology, organic farming, holistic sustainability
assessment and Life Cycle Assessment (LCA).


http://www.pathways-project.com
http://www.pathways-project.com

	Assessing the impacts of EU agricultural policies on the sustainability of the livestock sector: a review of the recent literature
	Abstract
	Introduction
	Review structure and concepts

	Methods
	Results and discussion
	How is sustainability defined in analyses of policies for livestock systems?
	What mechanisms of EU agricultural policy are impacting the livestock sector?
	What are the impacts of EU agricultural policies on the sustainability of the livestock sector?
	Environmental impacts
	Social impacts including animal welfare
	Economic impacts
	Governance

	What are reasons for failure or delays in reaching sustainability objectives in the livestock sector?
	Lack of regulation
	Lack of concrete targets and enforcement
	Exclusion of farms


	Limitations of the review
	Conclusions
	Acknowledgements 
	References


