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FOREWORD
The High Level Panel of Experts for Food Security and Nutrition (HLPE) is the science-policy
interface of the Committee on World Food Security (CFS), which is, at the global level, the
foremost inclusive and evidence-based international and intergovernmental platform for food
security and nutrition.
HLPE reports serve as a common, comprehensive, evidence-based starting point for
intergovernmental and international multistakeholder policy debates in CFS. The HLPE draws
its studies based on existing research and knowledge. The HLPE thrives to clarify
contradictory information and knowledge, elicit the backgrounds and rationales of
controversies, and identify emerging issues. The HLPE organizes a scientific dialogue, built
upon the diversity of disciplines, backgrounds, knowledge systems, diversity of its Steering
Committee and Project Teams, and upon open electronic consultations.
HLPE reports are widely used as reference documents within and beyond CFS and the UN
system, by the scientific community as well as by political decision-makers and stakeholders,
at international, regional and national levels.
***
In October 2014, the Committee on World Food Security (CFS), requested the High Level
Panel of Experts (HLPE) to prepare a report on sustainable agricultural development (SAD)
for food security and nutrition (FSN), including the role of livestock. This topic is highly relevant
to the 2030 Agenda agreed by the international community in 2015. The objective of
Sustainable Development Goal (SDG) 2 is specifically to “end hunger, achieve food security
and improved nutrition, and promote sustainable agriculture”. Yet all of the SDGs have strong
implications for the achievement of SAD for FSN. In return, we should expect SAD to
contribute to the fulfilment of all these goals. SAD is also relevant to the role of agriculture and
agricultural development in the implementation of the 2014 Rome Declaration on Nutrition,
and is central to the fulfilment of the UN commitment to the Right to Food.
SAD has been touched on in other HLPE reports, either with a sectoral focus or from a crosscutting perspective. The HLPE Note on Critical and emerging issues for food security and
nutrition (2014) stressed the importance of a food systems’ approach for the realization of
FSN, and provided analysis of livestock issues. The present report draws on these previous
HLPE publications as contributions to its narrative, and the reports are cross-referenced as
appropriate. This process aims to ensure consistency, as well as adding value by providing
SAD with a central role in the overall HLPE analysis.
In this report, agriculture is interpreted in the narrower sense of crops and livestock. Fisheries
and aquaculture were treated in a dedicated HLPE report in 2014, while forestry will be
covered in a report to be released in 2017. Livestock is used to designate domesticated
terrestrial animals raised for food production. Bees, insects and wild foods are not covered.
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Agricultural development plays a major role in improving FSN: by increasing the quantity and
diversity of food; as a driver of economic transformation; and, because agriculture is the main
source of income for a majority of the people who live in the most extreme poverty. Earning
sufficient income from agriculture is key for the 1.3 billion people who work in the sector, and
directly determines their food security. Extensive experience across many countries over
many years shows that both agricultural development and economy-wide growth are needed
to improve FSN, and that the former can reinforce the latter.
Given the breadth of the topic, and as reflected in its title, this report focuses on the livestock
sector because it is a powerful engine for the development of the agriculture and food sector,
a driver of major economic, social and environmental changes in food systems worldwide, and
a uniquely powerful entry point for understanding the issues around sustainable agricultural
development as a whole.
Livestock production is central to food systems’ development and is a particularly dynamic
and complex agricultural subsector, with implications for animal-feed demand, for market
concentration in agricultural supply chains, for the intensification of production at the farm
level, for farm income, land use, and for nutrition and health. Livestock has often set the speed
of change in agriculture in recent decades.
Livestock is strongly linked to the feed crop sector, generates co-products including manure
and draught power, and in many countries acts as a store of wealth and a safety net. It is
integral to the traditional practices, values and landscapes of many communities across the
world. Livestock has significant effects on the environment, both positive and negative,
particularly when indirect land-use changes and feed crop production effects are taken into
account.
As highlighted by numerous contributions to the electronic consultation on the V0 Draft of the
report, the focus on livestock, while legitimate as a way to illustrate the complexity of SAD,
should not hide the critical importance of the crop sectors. The common approach proposed
in this report, to define pathways to SAD in different livestock systems, and the attention paid
to crop–livestock interactions can also be used for the wider agriculture sector.
Changes in consumption and dietary patterns will be critical in shaping SAD for FSN. Those
subjects will be looked at in a specific HLPE report on Nutrition and food systems to be
published in 2017. Taken together, these two reports will provide a significant contribution to
informing debates on sustainable food systems along the food chain from production to
consumption.
The report offers policy-makers and other stakeholders a framework to design and implement
feasible options of sustainability pathways for agricultural development. It will hopefully
contribute to sustainable food systems and to FSN for all, and more broadly to the 2030
Agenda, now and in the future.
***
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SUMMARY AND RECOMMENDATIONS
In October 2014, the Committee on World Food Security (CFS) requested its High Level Panel of
Experts for Food Security and Nutrition (HLPE) to prepare a report on sustainable agricultural
development for food security and nutrition, including the role of livestock, to be presented in its 43rd
Plenary Session in October 2016. This topic is highly relevant to the Sustainable Development Goals
(SDGs) as well as to the implementation of the 2014 Rome Declaration on Nutrition and to the
fulfilment of the universal Human Right to Food.
Agricultural1 development is critically important to improving food security and nutrition. Its roles
include: increasing the quantity and diversity of food; driving economic transformation; and providing
the primary source of income for many of the world’s poorest people. Numerous empirical studies
across many countries over many years show that both agricultural development and economy-wide
growth are needed to improve food security and nutrition, and that the former can reinforce the latter.
The livestock2 sector is a powerful engine for the development of agriculture and food systems. It
drives major economic, social and environmental changes in food systems worldwide, and provides
an entry point for understanding the issues around sustainable agricultural development as a whole.
As reflected in its title, this report is focused on livestock because of the importance and complexity of
its roles and contribution to sustainable agricultural development for food security and nutrition.
The report is structured as follows. Chapter 1 elaborates a conceptual framework and a typology of
livestock farming systems, which are used to structure the report. Chapter 2 describes the main
drivers and trends of agricultural development. Chapter 3 identifies the main sustainability challenges
for agricultural development, with a focus on livestock. Chapter 4 proposes pathways and responses
to address those challenges, both globally and in specific farming systems. The report concludes by
providing a set of action-oriented recommendations addressed to states and other stakeholders.

Summary
Sustainable agricultural development for food security and nutrition:
approach and conceptual framework
1.

The report defines sustainable agricultural development (SAD) for food security and nutrition
(FSN) as follows: “Sustainable agricultural development is agricultural development that
contributes to improving resource efficiency, strengthening resilience and securing social
equity/responsibility of agriculture and food systems in order to ensure food security and nutrition
for all, now and in the future.”

2.

Importantly, FSN and the progressive realization of the right to adequate food do not depend only
on global availability of food but also on access, utilization and stability. Indeed, access to food,
but also to productive assets, markets and services are all critical for FSN. Utilization of food, and
particularly of animal-sourced foods (ASF), from evolving and increasingly complex food supply
chains, is having profound effects on human health and well-being, in some cases supplying
much needed nutrients but in others giving rise to dietary concerns, for example over excessive
meat intake. Finally, conflicts and extreme climate events increasingly threaten the stability of
FSN for all now and in the future.

3.

The report acknowledges the wide diversity of farming and food systems, each of which can and
should improve its contribution to SAD for FSN. To sustainably supply nutritious food to a world
population that is expected to reach 9.7 billion people by 2050, the report proposes the adoption
of context-specific pathways to enable the transition towards more sustainable agricultural and
food systems for FSN. Despite wide acceptance of the imperative of achieving food security and
better nutrition for all, the multiplicity of possible entry points, perspectives and objectives has led
to a coexistence of many narratives and conflicting evaluations about the state of agricultural

1

2

Agriculture is interpreted in this report in the narrower sense of crops and livestock. Fisheries and aquaculture were
treated in a dedicated HLPE report in 2014, while forestry will be covered in a report to be released in 2017.
In this report, livestock is used to designate domesticated terrestrial animals raised for food production. Bees, insects
and wild foods are not covered.
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development and, most importantly, on the directions and policy instruments required to improve
sustainability.
4.

The livestock sector is central to food systems’ development. It is a particularly dynamic and
complex agriculture sector, accounting for around one-third of global agricultural GDP, with
implications for animal-feed demand, for market concentration in agricultural supply chains, for
the intensification of production at the farm level, for farm income, for land use and for human
and animal nutrition and health. Livestock has often set the speed of change in agriculture in
recent decades. Livestock is the largest user of land resources; permanent meadows and
pastures represent 26 percent of global land area and feed crops account for one-third of global
arable land. Livestock is strongly linked to the feed crop sector, generates co-products including
manure and draught power, and in many economies acts as a store of wealth and a safety net. It
is integral to the cultural identity, traditional practices, values and landscapes of many
communities across the world. Livestock has profound effects on the environment, particularly
when indirect land-use changes and feed crop production effects are taken into account.

5.

Livestock production takes place in a wide range of farming systems: extensive (e.g. grazing in
the case of ruminant livestock or foraging in the case of poultry and pigs); intensive (in which
thousands of animals are fed with concentrated feed rations in confined facilities); and in the
many intermediate systems that exist between the two.

6.

Critical issues to be addressed by SAD for FSN are global in nature but the ways by which they
manifest themselves or can be dealt with are very diverse in different livestock systems and
across countries. In order to value and address this diversity of farming systems and their distinct
challenges, the report considers four broad classes of livestock rearing: smallholder mixed
farming; pastoral; commercial grazing; and intensive livestock systems.

Trends and drivers of agricultural development
7.

According to FAO (2012a) projections, growth trends in global population and incomes will
require global agricultural production in 2050 to be 60 percent higher in volume than in 2005–
2007. This increase would come mainly from an increase in crop yield (80 percent of the world
production increase), in cropping intensity (10 percent) and the rest from a limited expansion of
land use. Consumption of ASF is expected to rise till 2050, faster in developing countries.

8.

Yet, such a need for increase will be subject to variation. Over the next several decades,
population increase and income growth (both of which trends are more pronounced in emerging
and developing countries) are expected to drive increased demand for ASF. Population growth
has been the main demand driver in agriculture and food systems in the past but its weight is
declining relative to other drivers such as increasing per capita incomes, urbanization and
changing dietary preferences and patterns. Much of the increased crop demand in the period to
2050 will be for feedstuffs for livestock.

9.

The increasing consumption of ASF in emerging and developing countries has the potential to
significantly improve FSN in many cases. However, the consensus of expert medical advice is
that, in developed and some emerging countries, people should reduce their consumption of a
number of ASF, in particular of red and processed meats. If there were to be a significant
reduction in overall consumption of ASF in richer areas, it would have important implications on
production levels and practices, on land use, and on the geographical distribution of livestock
production. In general, consumption levels of some ASF needs to contract in some places and/or
among some populations, while increasing in others. Such a shift would allow greater
convergence of consumption at the global level.

10. International trade volumes of most agricultural commodities are projected to expand over the
next several decades. While a very high proportion of ASF is produced and consumed locally,
the importance of international trade in the distribution of ASF is increasing. Staple dairy products
(in particular milk powder) are the most traded livestock products; more than 50 percent of total
production is exported. According to OECD–FAO projections, beef will continue to be the most
traded meat in the next decade. At the same time, dairy and beef products are among the
commodities most affected by government policies across the world – the volume and direction
of trade flows, as well as the products traded. Sanitary standards, environmental regulations,
animal welfare rules and certification measures, as well as geographical indications, are all
increasingly important in influencing international trade of agricultural products.
14

11. The food supply chain has experienced fundamental changes during the last two decades. It has
become more globalized, and the scale of production and economic concentration have both
increased. A shrinking number of firms dominate both the distribution and the input side of the
agri-food chain. For example, four agri-business firms are estimated to control 75–90 percent of
the global grain trade, raising concerns about barriers to entry, information flows and the
potential for oligopolistic companies to abuse their dominant market position. Concentration
among multinational companies is increasingly evident in a number of agriculture sectors,
including inputs (e.g. seeds, plant and animal protection products), marketing, food processing
and food retail.
12. According to OECD–FAO Outlook, real world prices of agricultural commodities and food have
followed a long-term declining trend, albeit coupled with significant levels of short-term price
volatility. The latter has been especially marked since the 2007–2008 food price spikes when
compared with the previous two decades. Nonetheless, the underlying downward price trend is
widely projected to continue for the short and medium terms.

Sustainability challenges for livestock in agricultural development
13. Some of the challenges impeding the realization of SAD for FSN for all now and in the future
concern all livestock systems. Others are specific to one or more of the four broad categories of
livestock systems described in the report.
14. The overarching goal for sustainable agricultural development is to ensure FSN for all now and in
the future, in the context of climate change and increasing scarcity of natural resources, given the
rapidly evolving and changing food demand, the growing and more urbanized human population
and the need to “leave no one behind”.
Food security and nutrition
15. While food security concerns historically focused on total calorie intake, today they encompass
the so-called “triple burden” of malnutrition: hunger (deficiencies in dietary energy intake),
estimated by FAO to affect some 792 million people worldwide; micronutrient deficiencies (such
as iron, vitamin A, iodine and zinc), which, according WHO, affect some two billion people; and
increasing overnutrition that now affects more people than hunger does. In 2014, WHO estimated
more than 1.9 billion (39 percent) adults, aged 18 years and over, were overweight, of which over
600 million (13 percent) were obese. The relationships between food systems and nutrition will be
explored in depth in a forthcoming HLPE report (2017).
Environment
16. In a context of increasing resource scarcity, and with the urgent need to reduce greenhouse gas
(GHG) emissions and adapt to climate change, numerous studies have identified livestock as a
key area for action.
17. Resource efficiency in livestock production will have to be improved in order to: maintain
production systems within critical planetary limits; preserve the ecosystem services on which
agricultural production relies; and reduce land degradation, biodiversity loss and pressure on
water use and quality. As a driver of deforestation, demand for feed, and transportation and
processing infrastructure, the livestock sector is directly and indirectly responsible for 14.5 percent
of GHG emissions. At the same time, some livestock systems are among the most vulnerable to
climate change (particularly those in dry areas) and to new environment-related emerging
diseases. These challenges are huge but the livestock sector also has huge potential for
improvement, if the best existing practices in a given system and region can be shared and
learned from more widely.
Economic
18. Livestock plays a crucial economic role in many food systems: providing income, wealth and
employment; buffering price shocks; adding value to feedstuffs; providing a source of fertilizer and
draught power. Agricultural markets face three challenges: (i) imperfect competition, due to lack of
information, barriers to market entry, infrastructure constraints; (ii) externalities that create
significant costs not borne by producers; and (iii) market distortions arising from poor public
policies, including subsidies and taxes that reward unsustainable practices. More specifically,
agricultural markets are subject to unpredictable forces, such as the weather, and to time lags
15

between investments in production and readiness to sell that encourage producers to be risk
averse unless they are supported by safety nets. International trade has introduced opportunities
but also new challenges, including an increased potential for diseases to spread. International
trade has also been accompanied by a growing role for multinational private actors in making
investment decisions in agricultural systems. Concentrated corporate control of agriculture has
also increased in the face of uneven access to market information and technologies, undermining
competition.
19. Different livestock systems face different economic risks and opportunities in this more general
context. Determining factors include: the degree of integration into international markets and
urban distribution systems; the level of dependence on external inputs (such as feed); and the
degree of concentration in the markets upstream and downstream from livestock producers.
Social
20. According to the World Development Report (IBRD/World Bank, 2007), agriculture provides
employment to 1.3 billion people worldwide, 97 percent of them in developing countries. Agriculture
and food systems are among the sectors where informal jobs are the most common, without
adequate work safety, in unhealthy working conditions and for low wages. Children are also
disproportionately employed in agriculture, including in ways that violate their rights. Many
agricultural systems face a serious demographic challenge in failing to attract and maintain the
interest of young people. Conflicts and protracted crises, such as droughts and epidemic
outbreaks, strongly impinge on agriculture and livestock production, affecting feed crop
production, the productivity of rangelands and access to pastures, rangelands, feed and forage.
Gender
21. Women play a vital role in the management of many livestock systems, especially poultry and
pigs. Women’s roles within livestock production systems differ from region to region, and the
distribution of ownership of livestock between men and women is strongly related to social,
cultural and economic norms. Too often, however, women face multiple forms of discrimination,
from lack of access to education and productive resources to discriminatory political and legal
systems that together limit their ability to benefit from the livestock sector. Not enough genderdisaggregated data are available to fully understand the specific challenges faced by women in
this sector.
Animal health and welfare
22. Animal diseases are a major cause of productivity and economic losses in developing countries.
The rapid expansion of the sector as well as increased movements of animals and products within
countries and across borders make it all the more urgent to address infectious diseases. Even
more since the majority of emerging and re-emerging human diseases are zoonotic – they come
from animals and are transmitted to humans. The critical linkages between human health, animal
health and ecosystems are encompassed in the concept of One Health, which highlights the need
for collaboration across sectors.
23. Animal welfare is an increasing public concern, raised by consumers and often by retailers who
are responding to consumer demand. In many countries, legislation provides for a minimum
standard of animal welfare. Where this legislation does not yet exist, the World Organisation for
Animal Health (OIE) provides guidelines.
System specific challenges
24. These global challenges concern the different livestock systems to various degrees. Each system
is also confronted with specific challenges.
a. Smallholder mixed farming systems face limited access to resources, markets and services,
variable resource efficiency and big yield gaps, and have little capacity to adapt to deep and
rapid structural transformation in the agriculture sector and in the wider economy.
b. Pastoral systems: in addition to the challenges they share with smallholders, pastoral systems
must cope with conflicts for land and water, economic and political exclusion, social (including
gender) inequity, poor animal health and high risks of zoonotic diseases.
c. Commercial grazing systems face the degradation of the natural grasslands they depend
upon, conflicts with other sectors over land and resource use, poor conditions for workers
and, in some cases, technical inefficiencies.
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d. Intensive livestock systems face environmental challenges resulting from intensification (land
and water use; water, soil and air pollution); the harm to human and animal health created by
antimicrobial resistance, the emergence of new diseases; the social consequences of
intensification (rural abandonment, poor working conditions, low wages, vulnerability of
migrant labour, occupational hazards); and economic risks in the form of dependence on
external inputs, including feed and energy, market concentration, price volatility, inequitable
distribution of value added, as well as the difficulty of internalizing externalities in price
signals.

Pathways towards sustainable livestock development
25. The report proposes a common approach to elaborate pathways for SAD comprised of eight
steps. These steps de facto outline a process around which to design national SAD strategies:
i.

Describe the current situation in a specific context.

ii.

Agree on the long-term FSN goals and targets at the national level, in line with the SDGs.

iii. Identify the challenges to be addressed to move towards SAD for FSN.
iv. Define a set of operational priorities among these challenges.
v.

Identify available solutions that can be mobilized by stakeholders at different levels.

vi. Define the context specific responses and technical solutions.
vii. Set in place an appropriate political and institutional environment at the national level to
enable the choice of priority actions at the farm level and along the food chain.
viii. Set in place methods to monitor and evaluate progress, to continue to identify constraints,
and to allow for a dynamic and iterative process of learning by doing.
26. Pathways combine technical interventions, investments, and enabling policies and instruments.
They involve a variety of actors, operating at different scales, all working towards SAD for FSN.
The pathways need to be specific to national and local contexts, and to particular scales and time
periods. They can be grounded on very different narratives, each of which drives a selection of
options. Amid this specificity, three interlinked principles help shape those pathways towards SAD
for FSN:
•

Improve resource efficiency. Considerable potential exists to improve resource efficiency
through the transfer and adoption of best available practices and technologies in a given
context and through the adoption of diverse approaches (including “sustainable
intensification”, “save and grow”, “ecological intensification”, and “agro-ecology”), all with a
growing emphasis on ecosystem services. This would make it possible to simultaneously
increase productivity, to preserve and make better use of limited resources, and to reduce
GHG emissions. Resource efficiency can be improved through different technical means
including: improving livestock management, careful breeding, health and feed efficiency;
closing the nutrient cycle; and reducing food losses and waste.

•

Strengthen resilience. To address changing risks and shocks, whether environmental,
economic, financial, or related to human and animal health, requires building resilience in
livestock systems. The diversification of production and integration of crops and livestock at
all levels – from farm to landscape, community, territory and region – will contribute to
strengthen resilience and improve resource efficiency.

•

Improve social equity/responsibility outcomes. The failure to protect social equity and
cultural integrity raises some of the most wide-ranging and politically sensitive challenges for
sustainability. The norms, practices and priorities of social equity/responsibility, the property
rights and land tenure laws and customs, all differ across countries and communities and
change over time. Working conditions need to be improved at all levels of food value chains.
In line with the SDGs, national SAD strategies will have to prioritize the needs and interests
of the most vulnerable populations (which typically include women, children, migrants, and
indigenous peoples).
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27. The report notes the need for appropriate, and where relevant gender disaggregated, data to
enable stakeholders to identify priorities and monitor progress.
28. The report highlights the need for coherence and integration among agriculture, economic,
nutrition, education and health policies at the national level, and to improve the international
coordination across these sectors as well, so as to address sustainability and FSN challenges.
29. The twin problems of under- and overnutrition require local and national governments to
coordinate policies pertaining to nutrition, health and SAD goals, taking into account the level of
socio-economic development and their cultural and religious contexts. The regulation of agrifood
industries and their cooperation are also necessary.
30. While recognizing that farm level is at the heart of decision-making processes, enabling
environments, including good governance and effective institutions, will be critical for an effective
implementation of pathways and for the success of SAD strategies. The framework for developing
strategies needs to ensure that actions taken at a particular level of organization (local
government, territory, value chain, country, region, international) are consistent with actions taken
at other levels and with other non-agriculture sectors, in order to allocate needed resources for
facilitating pathways, to strengthen synergies and to address trade-offs to best achieve SAD for
FSN. In addition, pathways are needed for all farming systems and one of the critical challenges
is to consistently manage the co-existence of systems and their pathways at supra levels.
31. Agriculture merits increased public and private investment and R&D for SAD: this should be a
political and economic priority. This had also been shown by the World Development Report,
which emphasized the specific role of agriculture as a powerful driver of growth and poverty
reduction. SAD strategies must take into consideration: the role and limits of markets; the
universal human right to food; and the challenge presented by the principle of “food sovereignty”,
which emphasizes the importance of subsidiarity and democratic voice in making decisions that
affect food systems.
32. Appropriate technologies for sustainable agriculture need to be made available for all farming
systems and be tailored to particular circumstances and contexts. In all cases, technological
choices must be informed by solid risk assessment and impact evaluations. The application of
information and communications technology (ICT) in agriculture is increasingly important,
especially in the development of new innovations that can empower farmers – including
smallholders – and the value chains that support them. The rapidly declining costs of ICT can
make it an attractive tool for poorer farmers, extending its reach.
33. Genetic resources are a key asset for SAD. They need to be sustainably managed and
appropriately conserved, in situ and ex situ, together with the knowledge associated with them,
including traditional and indigenous knowledge. The means and mechanisms to facilitate access
of smallholders to genetic resources as well as benefit sharing are particularly important. Such
mechanisms are much more developed for plants than for animals.
Operational priorities for action
In addition to these more general principles, orientations and actions, each category of livestock
system has some priority areas of intervention that better take into account its specificities.
34. For smallholder mixed farming systems, the priorities include: ensure better access to markets
and more choice of markets; secure tenure rights and equitable access to land; design feasible
growth pathways taking into consideration available resources; recognize, empower and enable
the role of women; improve animal health management; encourage the use of local, more
resistant, breeds; implement appropriate, tailored and participatory programmes that respond to
farmers’ needs; facilitate smallholders’ participation in political processes; provide good quality
training programmes and information; and redirect development policies and tax incentives
towards the design of diversified and resilient farming and food systems.
35. For pastoral systems, the priorities include: improve governance and security by involving
pastoral societies in participatory governance mechanisms; improve connections to markets and
market choices; provide and protect access to public services, including for animal and human
health, and access to pastoral resources (water and land); implement a fairer taxation system to
enhance value-added activities through the processing and marketing of pastoral products; better
target emergency assistance; and devise development strategies that take into account the
specific needs of pastoral systems, including mobility.
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36. For commercial grazing systems, the priorities include: the maintenance and improvement of
grassland management practices to improve resource efficiency and contribute to climate change
mitigation and adaptation; the development of integrated crop–livestock–forestry systems that
enable several kinds of production on the same land and allow synergies between those
productions; and the protection of native forests from deforestation.
37. For intensive livestock systems, the priorities include: investment in R&D along the complete food
chain to strike a balance between increasing production and reducing environmental harm,
including food losses and waste; the expansion of precision livestock farming; action to reduce
the prophylactic use of antibiotics in animal care and to improve animal welfare; policies to reduce
the environmental impact of intensive systems including systems that promote more recycling of
animal waste to promote efficiency and reduce the harm caused by unbalanced nutrient cycles
(too much depletion where the feed crops are grown and too much addition where livestock are
raised and fed); and increase the sustainable production of feed while improving the ratio of feed
to animal conversion.
These means can be mobilized, as appropriate, to answer the priorities determined according to each
specific situation, in the pursuit of a common objective of SAD.

Recommendations
The following recommendations have been elaborated building upon the main findings of the report
on Sustainable agricultural development for food security and nutrition: what roles for livestock? They
aim to strengthen the contributions of the livestock sector to sustainable agricultural development
(SAD) for food security and nutrition (FSN). They are directed at different categories of stakeholders
as appropriate: states, intergovernmental organizations (IGOs), the private sector and civil society
organizations, and other stakeholders. They should:

1.

ELABORATE CONTEXT-SPECIFIC PATHWAYS TO SAD FOR FSN

States and other stakeholders should:
a) use the common approach presented in this report to elaborate, at all appropriate levels,
context-specific pathways towards SAD. Such pathways should aim to strengthen synergies
and limit trade-offs between the different dimensions of sustainability through improving
resource efficiency, strengthening resilience and securing social equity/responsibility. They
could draw on initiatives such as the Global Agenda for Sustainable Livestock and the Global
Research Alliance on agricultural greenhouse gases. In that respect, in line with SDGs, all
stakeholders should support initiatives that involve multi-stakeholders dialogue, consultation
and collaboration.

2.

STRENGTHEN INTEGRATION OF LIVESTOCK IN NATIONAL SAD STRATEGIES

States should:
a) ensure that their SAD strategies and plans incorporate the integrated approach to FSN
advocated by the CFS and are in line with the SDGs. States should better integrate into their
SAD strategies the contributions that livestock systems make to the achievement of FSN.
Policies, strategies and programmes need to take into account the interlinkages between
different farming systems and their dynamic nature. They should in particular promote crop–
livestock integration at a scale and through means that are adapted to the diversity of
systems.

3.

FOSTER COHERENCE BETWEEN SECTORAL POLICIES AND PROGRAMMES

States and IGOs should:
a) foster greater coherence between sustainable agricultural development, food systems, health,
social protection, education and nutrition policies and programmes, as well as between their
respective institutions, agencies and ministries.
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4.

DEVELOP GENDER-SENSITIVE LIVESTOCK POLICIES AND INTERVENTIONS

States, IGOs and other stakeholders should:
a) collect gender-disaggregated data on women’s roles in livestock production to understand
where gender asymmetries persist in the livestock sector;
b) adopt and ensure implementation of legislation to provide women equal access to and control
of land and resources at the community and household levels;
c) ensure that women, in particular smallholders, have access to credit and develop specific
financial products for women, in order to facilitate the diversification of their economic
activities;
d) improve women’s labour conditions in the livestock sector, including at the processing stage;
e) take measures at the local level to ensure the inclusion of women at every stage of the
livestock value chain, taking account of their productive and reproductive roles;
f) take measures to enhance women’s skill and knowledge by providing inclusive training and
capacity building activities including when introducing new technologies.

5.

BETTER INTEGRATE SAD ISSUES FOR FSN IN TRADE POLICIES

States and IGOs in relation to stakeholders should:
a) better integrate agriculture, including livestock, feed and related technical issues, into
national, regional and multilateral trade rules and policies in order to improve SAD for FSN;
b) establish appropriate national and international food safety and quality standards and ensure
their implementation through capacity building and appropriate resources for compliance.
Governments, producer organizations, the private sector and civil society should:
c) consider all dimensions of SAD in the development and implementation of standards for
animal-sourced foods and livestock feed.

6.

LIMIT AND MANAGE EXCESSIVE PRICE VOLATILITY

States, producer organizations and other stakeholders should:
a) develop tools to limit and manage excessive price volatility, including through the use of grain
storage facilities, insurance programmes and other public policy instruments and private
initiatives. In particular, these tools should address the risks posed by import surges and
volatility in feed markets, and the specific vulnerabilities of smallholders.

7.

PROTECT, PRESERVE AND FACILITATE THE SHARING OF LIVESTOCK
GENETIC RESOURCES

States, IGOs, food producers, the private sector and research organizations should:
a) in order to support SAD, increase cooperation and ensure dissemination, distribution and
creation of knowledge and transfer of appropriate technologies to characterize, conserve and
manage livestock genetic resources both in situ and in germplasm stores and related
facilities;
b) act to minimize genetic erosion of the remaining biodiversity both in situ and in gene banks,
as well as to recognize and protect traditional and indigenous knowledge linked to livestock
genetic resources;
c) create conditions to facilitate access to livestock genetic resources for food and agriculture
and the fair and equitable sharing of the benefits arising from their use;
d) consider the establishment of dedicated international mechanisms to realize these objectives;
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e) promote the recognition and protection of smallholders and indigenous peoples’ livestock
genetic resources as well as the associated knowledge of those resources;
f)

8.

recognize and protect the rights of smallholders and indigenous peoples to determine access
to their livestock genetic resources including their right to determine who should have access
to them and to a fair and equitable share of the benefits that arise from their use.

IMPROVE SURVEILLANCE AND CONTROL OF LIVESTOCK DISEASES

States and IGOs should:
a) implement One Health approaches to improve the surveillance and response for diseases
emerging from livestock systems;
b) cooperate to provide transparent reporting for early warnings on transboundary diseases and
emerging zoonosis;
c) provide adequate means to ensure compliance to international and national laws and rules;
d) provide financial and technical support for improved animal health and welfare in agricultural
development, including for capacity building programmes.

9.

PROMOTE RESEARCH AND DEVELOPMENT

States and IGOs should:
a) integrate a participatory approach when designing an agenda and allocating resources for
R&D, and focus on technologies, practices, metrics and institutions needed to improve
resource efficiency, strengthen resilience and secure social equity/responsibility in diverse
livestock farming systems;
b) enable participatory research in order to promote the integration of diverse knowledge
systems about livestock keeping, including animal breeding;
c) promote the collaboration of researchers in livestock keepers’ and other stakeholders’
innovation processes and platforms to ensure dissemination of research findings and sharing
of good practices.
States, IGOs and the private sector should:
d) leverage the potential of information and communication technologies (ICT) in order to gather,
share and use information in different livestock systems, ensuring broad access, in particular
by women, vulnerable and marginalized communities.

10. REVIEW AND IMPROVE INDICATORS AND METHODOLOGY AND IDENTIFY
DATA GAPS
FAO, in coordination with relevant international and national agencies and other relevant
stakeholders, should:
a) review the data sets, indicators and methodologies that are needed to monitor and evaluate
SAD for FSN, using such tools as the World Agricultural Census and the preparation of
indicators for the SDGs, and identify data gaps;
b) consider ways to improve the monitoring of changes in grasslands and their biodiversity, and
to report on their global state;
c) make available online an inventory of evidence-based policy measures as well as producer
organizations, the private sector and other stakeholders actions that contribute to SAD for
FSN.
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RECOMMENDATIONS RELATED TO SPECIFIC LIVESTOCK
SYSTEMS
States, IGOs and other stakeholders should consider the roles of different livestock systems
in all agricultural, food security and nutrition policies and promote SAD-oriented efficiency
and sustainability pathways that are adapted to the specificity of each of the systems. In
particular, they should:

11. RECOGNIZE THE IMPORTANCE OF SMALLHOLDER MIXED FARMING
SYSTEMS FOR FSN AND SUPPORT THEM BY:
a) enhancing economic viability and access to markets; prioritizing fairer markets and measures
to overcome obstacles faced especially by women, marginalized and vulnerable groups
engaged in managing small-scale livestock operations;
b) creating an enabling environment for collective organizations and actions of smallholders;
investing in market information and infrastructure (including informal markets);
c) strengthening security, tenure and title of customary lands, property rights and governance of
common natural resources building on the CFS Voluntary Guidelines on the Responsible
Governance of Tenure of Land, Fisheries and Forests, and other relevant instruments in the
international legal framework;
d) leveraging the potential of livestock as a means for sustainable livelihoods in smallholder
mixed farming systems.

12. RECOGNIZE AND SUPPORT THE UNIQUE ROLE OF PASTORAL SYSTEMS BY:
a) strengthening the role of local pastoralist organizations in adaptive land management and
governance in order to increase the resilience of pastoral systems and households, in
particular with respect to climate change, conflicts and protracted crises, as well as price
volatility;
b) considering the use of innovative financing mechanisms to invest in the provision of basic
services adapted to the needs and ways of life of pastoralists, including culturally appropriate
education, health, communications, drinking water and sanitation services, and renewable
energy systems;
c) exploring ways to improve the connection of pastoralists to local, national and international
markets;
d) strengthening security, tenure and title of customary lands, property rights and governance of
grazing resources building on CFS Voluntary Guidelines on the Responsible Governance of
Tenure of Land, Fisheries and Forests, and other relevant instruments in the international
legal framework;
e) enabling the mobility of pastoralists, including transboundary passage, through appropriate
infrastructures, institutions, agreements and rules.

13. PROMOTE THE SUSTAINABILITY OF COMMERCIAL GRAZING SYSTEMS BY:
a) supporting sustainable management of livestock, pastures and feed in order to minimize
harmful environmental externalities, including by promoting models of production that
preserve biodiversity and ecosystem services and reduce GHG emissions;
b) exploring context specific technical possibilities and policy initiatives for integration of plants
and animals at diverse scales, such as, for instance, agro-sylvopastoral systems;
c) promoting practices that enhance resource efficiency and resilience of commercial grazing
systems.
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14. ADDRESS THE SPECIFIC CHALLENGES OF INTENSIVE LIVESTOCK
SYSTEMS BY:
a) ensuring that the working and living conditions of workers, especially women and other
vulnerable workers, including temporary and migrant workers, at all stages of production,
transformation and distribution, meet international standards and are protected by domestic
laws;
b) undertaking lifecycle assessment along the complete food chain to identify options for
increasing production while minimizing negative environmental impacts and excessive use of
energy, water, nitrogen and other natural resources;
c) improving technical efficiency by monitoring the individual performance of herds and animals;
d) supporting and improving animal health and welfare by promoting good practices and by
establishing and enforcing robust standards for different species in intensive systems, building
upon the World Organisation for Animal Health (OIE) guidelines and private sector initiatives;
e) exploring and implementing approaches for the reduction of antimicrobial use in livestock
production;
f)

developing innovative approaches, with farmers’ organizations, at diverse scales, in order to
facilitate the use of manure as organic fertilizer – and to promote the use of crop co-products
or residues and waste as feed including through technical innovations.
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INTRODUCTION
Agricultural development plays a major role in improving food security and nutrition (FSN):3 by
increasing the quantity and diversity of food; as a driver of economic transformation; and because
agriculture is the main source of income for a majority of the people who live in the most extreme
poverty. Earning sufficient income from agriculture is key for the 1.3 billion people who work in the
sector, and directly determines their food security. Extensive experience across many countries over
many years shows that both agricultural development and economy-wide growth are needed to
improve FSN, and that the former can reinforce the latter.
Agricultural development, since the Second World War, has enabled impressive progress in food
production. This was mostly due to a combination of economic growth, advances in technology and
knowledge, and improved management along supply chains. This increased production has mostly
occurred through intensification, specialization, and economies of scale that depend increasingly on
inputs including animal feed and non-renewable sources of energy. Nevertheless, extensive grassbased livestock systems, pastoral and smallholder crop–livestock mixed systems that do not rely on
external inputs have also contributed significantly to increased supplies of food.
This indisputable progress has not come about without giving rise to a persistent range of concerns.
Critics question whether the present and future directions of agricultural development are sustainable.
To list just some of the concerns: there is currently a renewed debate about the world’s agriculture
and food systems’ capacity to sustainably supply nutritious food to a growing population given the socalled “triple burden” of malnutrition – the persistence of substantial food insecurity, undernutrition and
overnutrition; there are concerns about the social performance of food systems; about the
degradation of land, freshwater and ecosystems at both local and global levels; about the impact of
agriculture on greenhouse gas (GHG) emissions; and, in turn, the effects of climate change on
agriculture.
Over the long run, world food prices in real terms have tended to fall – although masking much price
volatility in the short run – as a consequence of food supplies increasing faster than demand. This has
given rise to the concern that these past trends may dampen incentives for investing in future
agricultural development, and in particular in hindering its long-term sustainability.
There are contrasting perspectives on whether supporting labour-intensive agriculture or fostering
productivity (and profitability) improvements in agriculture, even at the expense of labour-intensive
practices, is the best pathway for sustainable agricultural development to achieve FSN overall.
Agriculture can trigger economic growth, which in turns facilitates off-farm rural and urban
employment opportunities. However, in many countries, the rural population is increasing, generating
concerns about their livelihoods and FSN, especially for those that are landless and vulnerable. While
urbanization has continued apace (with urban citizens being generally better nourished than rural
people),4 rural people who have moved to cities – especially in the transitional phase of urbanization –
are still food-insecure.
In this context, in October 2014, the Committee on World Food Security (CFS), in its 41st Plenary
Session, requested the High Level Panel of Experts (HLPE) to prepare a report on sustainable
agricultural development for FSN, including the role of livestock, for its 43rd Plenary Session in 2016.
This topic is highly relevant to the Sustainable Development Goals (SDGs) as well as to the
implementation of the 2014 Rome Declaration on Nutrition and to the fulfilment of the universal
Human Right to Food.
This wide-ranging and comprehensive request implies addressing a number of key questions,
including: What is the role and what directions for agricultural development are needed to fully
3

4

“Food security exists when all people, at all times, have physical, social and economic access to sufficient safe and
nutritious food that meets their dietary needs and food preferences for an active and healthy life” (World Food
Summit, 1996). In 2009, the World Summit on Food Security stated that the "four pillars of food security are
availability, access, utilization and stability”. Availability is the supply of food through production, distribution and
exchange; access is the affordability and allocation of food, as well as the preferences of individuals and households
requirements of each member of the household; utilization is the metabolism of food by individuals, resulting from the
diversity and quality of food, good care and feeding practices, food preparation, determining the nutritional status of
the individual; and stability refers to the stability of the three other dimensions over time.
Cross-country evidence consistently shows that children in urban areas are better nourished than those in rural
areas. For example, in 82 out of 95 developing countries for which evidence is available the proportion of
underweight children is less in urban areas (UNICEF, 2013).
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contribute to sustainably supply nutritious food? What can be done to improve the way our food and
agricultural systems perform economically, socially and environmentally? Can agricultural
development restore the already stressed natural systems that underpin food production now and in
the future? What role can sustainable agricultural development pathways play in underpinning decent
livelihoods to achieve the overarching objective of food security and nutrition?
In this report, agriculture is interpreted in the narrower sense of crops and livestock. Fisheries and
aquaculture were treated in a dedicated HLPE report in 2014, while forestry will be covered in a report
to be released in 2017. Livestock is used to designate domesticated terrestrial animals raised for food
production. Bees, insects and wild foods are not covered.
The questions of sustainability and agricultural development are particularly complex ones because,
as most of the topics addressed until now by the HLPE, they require a long-term integrated
perspective. This means looking at the dynamics of the agriculture sector. It also means that a very
broad vision of the sector itself is needed, including its links to economic development as a whole, to
natural resources, demographic, social and cultural issues, and to the trends affecting these aspects
in the long term. Finally, it means to take account of interactions between the three dimensions of
sustainability (environmental, economic and social) that need to be secured and enhanced for future
generations, and to do so at very different scales and in a wide range of specific contexts.
Within the broad issue of agricultural development, as reflected in its title, this report focuses on the
livestock components of agricultural systems, given their role as an engine for the development of the
agriculture and food sector, as a driver of major economic, social and environmental changes in food
systems worldwide, and as an entry point for understanding the issues around sustainable agricultural
development as a whole.
The livestock sector is central to food systems’ development. It is a particularly dynamic and complex
agriculture sector, accounting for around one-third of global agricultural GDP, with implications for
animal-feed demand, for market concentration in agricultural supply chains, for the intensification of
production at the farm level, for farm income, for land use, and for human and animal nutrition and
health. Livestock has often set the speed of change in agriculture in recent decades. Livestock is the
largest user of land resources; permanent meadows and pastures represent 26 percent of global land
area and feed crops account for one-third of global arable land. Livestock is strongly linked to the
feed-crop sector, generates co-products including manure and draught power, and in many
economies acts as a store of wealth and a safety net. It is integral to the cultural identity, traditional
practices, values and landscapes of many communities across the world. Livestock has also profound
effects on the environment, particularly when indirect land-use changes and feed-crop production
effects are taken into account.
There is increasing evidence that some of the major challenges to which agriculture is confronted
depend upon the evolution of the livestock sector. This is the case for human health through both the
burdens of under- and overnutrition. This is also the case for the environment. The pressure on the
agriculture sector, and the consequences for changes in land-use patterns, will strongly depend on
the evolution of animal-sourced food (ASF) demand.
Livestock production takes place in a wide range of farming systems: extensive (e.g. grazing in the
case of ruminant livestock or foraging in the case of poultry and pigs); intensive (in which thousands
of animals are fed with concentrated feed rations in confined facilities); and in the many intermediate
systems that exist between the two.
Defining pathways for minimizing the harmful and enhancing beneficial environmental, economic and
social impacts of livestock is therefore essential. Based upon this assumption, the livestock sector can
also serve as an illustration for the wider agriculture sector to explore possible pathways of
sustainable agricultural development for FSN, with a view to recommending appropriate actions by
policy-makers and stakeholders in different contexts.
Consumption is critical in shaping the feasibility of sustainable agricultural development pathways,
locally and globally. Consumption is considered, in this report on sustainable agricultural
development, as a key driver of agricultural production and agricultural development. Assumptions
about future food consumption patterns are crucial and nutrition and consumption issues will be more
specifically considered in an HLPE report on Nutrition and food systems to be published in 2017.
Taken together, these two reports aim to provide a significant contribution to informing debates on
sustainable food systems, along the food chain from production to consumption.
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The debate around sustainability, and on future directions for agricultural development, is not exempt
from areas of controversy and different views on possible trajectories. One important objective of this
report is to try to clarify the debates for policy-makers and all stakeholders by presenting the current
controversies in a comprehensive and balanced way.
The report is structured as follows. The first chapter outlines an approach to sustainable agricultural
development in the perspective of FSN, including proposing a conceptual framework for agricultural
development for FSN, and a typology of livestock farming systems, which will be used to structure
and analyse the issues addressed throughout the report.
This is followed in Chapter 2 by a discussion of the main trends and drivers affecting the agriculture,
including livestock sector, according to various projection scenarios through to 2050.
Chapter 3 identifies the main sustainability challenges for the development of livestock systems
(including the associated feed crops) and their contribution to FSN goals, pointing to hotspots,
stresses, risks and tipping points that need to be addressed.
Chapter 4 outlines a framework and possible pathways and responses to address those challenges,
both globally and in different farming systems, including constraints to their implementation. It
includes consideration of different perspectives, visions and narratives on the pathways that have the
potential to achieve sustainable agricultural development for FSN. Short case studies illustrate the
wide variety of practical experiences in different contexts.
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1 SUSTAINABLE AGRICULTURAL DEVELOPMENT FOR
FOOD SECURITY AND NUTRITION: APPROACH AND
CONCEPTUAL FRAMEWORK
This chapter aims to build a common understanding of the notion of sustainable agricultural
development (SAD) for FSN. It outlines the approach and concepts used in this report.
Section 1.1 briefly explains the role of agricultural development as a driver of economic and social
development to improve FSN. In doing so it examines the notion of sustainability, in line with
conceptual frameworks established by the HLPE that link food security and nutrition to sustainable
food systems (HLPE, 2014). The section provides a conceptual framework articulating the different
elements of SAD and at the same time establishes the logic of this report.
Section 1.2 explains the key role of the livestock sector in SAD for FSN, giving the reasons for
focusing on livestock in this report. Section 1.3 proposes a typology of farming systems used in this
report.

1.1 What is “sustainable agricultural development for food security
and nutrition”?
Understanding “sustainable agricultural development for food security and nutrition” requires
considering the dynamics of agricultural development: what it does, the outcomes, and how it
performs vis-à-vis the two key objectives of sustainability and FSN.
Agricultural development has a key role to play in relation to poverty reduction, in the context of
economic development and growth as a whole. Also, given the economic and social importance of
agriculture, which provides a livelihood to 38.3 percent of the world total labour force (FAO, 2015a),
and the importance of food as a basic human need, agricultural development is a key domain for the
universally agreed human rights framework, including the progressive realization of the Right to Food.
Considering the crucial importance of agricultural development to ensure FSN, to reduce poverty, and
to ensure sustainable management of natural resources, SAD is central for the implementation of the
17 Sustainable Development Goals (SDG) agreed in 2015.
What are the relationships between food security, sustainable food systems and sustainable
agricultural development? In line with HLPE (2014), “Sustainable food systems are food systems that
ensure food security and nutrition for all in such a way that the economic, social and environmental
bases to generate food security and nutrition of future generations are not compromised”.
In this report, sustainable agricultural development is envisaged in its contribution to achieving food
security and nutrition, and is defined as follows:
Definition 1

Sustainable agricultural development

Sustainable agricultural development is agricultural development that contributes to improving
resource efficiency, strengthening resilience and securing social equity/responsibility of
agriculture and food systems in order to ensure food security and nutrition for all, now and in
the future.

1.1.1 Agricultural development in relation to food security and nutrition
Agricultural development is key to food security in several ways, contributing to food availability,
access and stability and – through the diversity of foods produced – food utilization. It has
accompanied population growth providing a threefold increase in global agricultural production in 50
years, with an increase in the area of land farmed of only 12 percent (FAO, 2014a), thanks notably to
the “Green Revolution”, although with significant variations across countries and regions. The Green
Revolution built on the work of crop scientists and, targeting specific crops, involved the use of highyielding varieties, expanded irrigation and application of synthetic fertilizers and pesticides, as well as
improved management techniques. But the specialization of agricultural systems has resulted in

29

significant levels of biodiversity loss, with potential effects on the environmental sustainability of
farming systems and on the possibility for a diversity of food supplies in the future.5
Today, people are hungry not because there is not enough food overall in the world, but because they
cannot afford food or do not have the means to produce it. It is access to food, the effective demand
for food (meaning demand by people who can pay for it) and how food is distributed across and within
countries, as well as within households and across genders, that ultimately matter (Grafton et al.,
2015). A significant part of the world population produces food for self-consumption.
Population growth, income growth, urbanization and changing diets are seen as the main drivers of
increased demand for agricultural production over the coming decades. Chapter 2 provides an
elaboration of these drivers. Suffice it to note here that, based on 2008 UN projections of a global
population of 9.15 billion in 2050 and continuing trends in consumption, FAO estimates that global
agricultural production in 2050 will need to be 60 percent higher in volume than in 2005/07 (FAO,
2012a). Some livestock products – in particular poultry – could show much greater growth than this
aggregate average figure. Which production systems and market access arrangements will provide
for rising food demand in different regions of the world is a central issue for the future of agriculture
and the global food system. Absolute increases in production of the magnitude projected by FAO will
not be achieved without difficulty as land, water and other resources come under greater pressure. A
shift in diets, as a contribution to healthier diets, and a reduction of food loss and waste could also
dampen the projected rate of demand increase. According FAO, the evidence cautiously suggests
that, globally, there are sufficient resources to satisfy the additional demand projected to 2050, but
that resource availability, income and population growth are unequally distributed and local resource
scarcities are likely to remain a significant constraint in pursuing food security for all (FAO, 2012a).
The relationship between agricultural development and access to food is a central issue, due to the
paradox that most of the 792 million hungry people worldwide6 are found among farmers and rural
people. As recognized by the 2008 World Development Report (WDR), Agriculture for development,
(IBRD/World Bank, 2007) three out of four poor people in developing countries live in rural areas and
most depend on agriculture directly or indirectly for their livelihoods.
The WDR report showed how, in the “agriculture-based” countries particularly, agriculture and
associated industries are essential to reduce mass poverty and food insecurity and will require a
productivity revolution in smallholder farming, a sector that in these countries tends to be dominated
by women. In “transforming” countries, the WDR suggests extreme rural poverty must be addressed
by providing multiple pathways out of poverty, including through a shift to higher-value agriculture,
more rural-based non-farm economic activity and assistance to people transitioning out of agriculture.
In “urbanized” countries too, agriculture can help reduce the remaining rural poverty if smallholders
can be connected to modern food market chains and if jobs can be created in agriculture and agroindustry along with the creation and application of markets for environmental services. The WDR
proposes a revitalization of the agriculture sector by tackling underinvestment and mis-investment in
agriculture, reducing poverty, ensuring economic growth, improving livelihoods and strengthening
food security across the developing world (Box 1).
Concerns about the capacity of agriculture and food systems to enable improved nutritional outcomes
have grown with the progressive recognition of “hidden hunger” or micronutrient deficiency, which
affects those undernourished as well as those who can meet their energy but not their nutritional
needs essential for human health and development. Poor nutritional outcomes are the result of
unbalanced diets, a lack of access to potable water and sanitation (HLPE, 2015), as well as health
conditions. Much of sub-Saharan Africa and the South Asian subcontinent are subject to a high
prevalence of hidden hunger.

5

6
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According to the FAO report The State of the World’s Animal Genetic Resources for Food and Agriculture (FAO,
2007), a total of 1 491 (20 percent) of the breeds were classified as being at risk. But the actual figure could be even
higher as data were unavailable for 36 percent of the breeds.
See FAOSTAT: http://faostat3.fao.org/download/D/FS/E (accessed June 2016)

Box 1

Rural worlds – importance of agriculture in the economy

Agriculture provides employment to 1.3 billion people worldwide, 97 percent of them in developing
countries. Between 60 and 99 percent of rural households derive income from agriculture in 14
countries with comparable data.
Agriculture-based countries – Agriculture is a major source of growth, accounting for 32 percent of GDP
growth on average – mainly because of its large share in GDP – and most of the poor are in rural areas
(70 percent). This group of countries has 417 million inhabitants, mainly in sub-Saharan African
countries; 82 percent of the rural sub-Saharan population lives in agriculture-based countries
Transforming countries – Agriculture is no longer a major source of economic growth, contributing on
average only 7 percent to GDP growth, but poverty remains overwhelmingly rural (82 percent of all
poor). This group, typified by China, India, Indonesia, Morocco and Romania, has more than 2.2 billion
rural inhabitants. (Ninety-eight percent of the rural population in South Asia, 96 percent in East Asia
and the Pacific, and 92 percent in the Middle East and North Africa are in transforming countries.)
Urbanized countries – Agriculture contributes directly even less to economic growth – 5 percent on
average – and poverty is mostly urban. Even so, rural areas still have 45 percent of the poor, and agribusiness and the food industry and services account for as much as one-third of GDP. Included in this
group of 255 million rural inhabitants are most countries in Latin America and the Caribbean and many
in Europe and Central Asia. Eighty-eight percent of the rural populations in both regions live in
urbanized countries.
Source: IBRD/World Bank (2007).

The undernutrition concern has been enlarged to a so-called “triple burden” of malnutrition
(undernourishment, micro deficiencies and obesity). The unprecedentedly large and rapid transition
across countries during the last decades towards the so-called “Western diet” (Popkin et al., 2012)
has meant higher average intakes of refined sugars and carbohydrates, refined fats, oils, and red and
processed meats. The human health concerns associated with the diet include overweight and
obesity, cardiovascular diseases, diabetes and autoimmune diseases, and some cancers (Murray et
al., 2013). The transition to more Western diets is linked to rising incomes and urbanization in the
developing world as well as to social, technological and economic changes in food systems.
Overconsumption (particularly of some food groups) and associated obesity has mainly been a
problem of the rich in low-income countries and the poor in high-income countries; the situation is
evolving, however, and in middle-income and increasingly even in low-income countries there is a
mixed picture, with a tendency for overconsumption and obesity to shift from the rich to the poor,
especially in women (Dinsa et al., 2012). The forthcoming HLPE report on Nutrition and Food
Systems (2017) will deal in depth with these issues.

1.1.2 “Sustainable” agricultural development for FSN
Today’s debates on agricultural development differ in nature and complexity from those of the 1970s
when global efforts to tackle hunger ushered in the Green Revolution. A subsequent wave of
sustainability concerns focused on the environmental dimension, as evidence mounted on the
consequences of inadequate attention being paid to ecosystems and natural resource use linked to
food production, processing and distribution systems. Critical concerns focused on the impact of
agricultural development on water availability and quality, soil degradation, air quality, greenhouse
gas (GHG) emissions and climate change, and on ecosystems and biodiversity. Social inequalities
generated by the Green Revolution were also subject to strong criticism, as the incorporation of the
new practices and technologies was closely associated with processes of social differentiation and
rising land prices, strongly affecting the socio-economic situation of the rural poor.
The persistence of hunger and malnutrition, the fact that malnutrition is taking on new forms and the
food price rises of 2007–2008 have led to a resurgence of anxiety about the “grand challenge” (Hertel,
2015) of sustainably feeding the planet, with an increased attention to the role of all the dimensions –
economic, environmental and social – of the development pathways that should lead to reaching
those overarching FSN goals.
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In this report, SAD encompasses the economic, social and environmental dimensions of
development, including ecosystem conditions and human well-being, in so far as they all ultimately
affect FSN. The importance of a multidimensional approach giving full recognition to social, cultural
and human implications (including human health issues) of agricultural development is reinforced by
the following considerations:
First, there is an increased concern that food insecurity and the constraints to the realization of the
right to food are quite often the result of social inequalities, at different levels, such as unequal access
to production assets, imbalances of power across social groups and discrimination related to ethnicity,
gender, generation, religious beliefs or place of living. For a significant part of the world population,
including smallholders, pastoralists, agricultural workers, artisanal fisherfolk and indigenous peoples,
access to land and security of tenure stand as crucial elements in the achievement of the right to
food. In urban settings, social and economic inequalities affect FSN for low-income households and
minority populations, also with gender and generation gaps, leading to differential access to livestock
products, fresh fruits and vegetables.
Second, there is an increased recognition of the risks and benefits to human health and well-being
associated with the industrialization, intensification and concentration of agricultural production and
expanded international trade with longer, more complex food supply chains. Food-borne diseases
resulting either from biological contamination (pathogens, microbes) or chemicals are still a significant
cause of human health problems related mainly to fresh food products such as animal-sourced foods
(ASF) as well as fruits and vegetables. Surveillance and reporting systems have been improved in
developed countries but remain problematic in many developing countries where capacity is limited
and safety protocols are less well established, especially in informal markets. New and resurgent
zoonotic diseases (those transferred from animals to humans, often in systems where there is close
proximity of humans to animals, including in urban livestock farms) are also a big concern as reflected
in outbreaks of avian and swine influenza, and severe acute respiratory syndrome (SARS), resulting
in deaths, serious illness and very significant costs for containment and eradication. A related risk to
human health of growing concern is anti-microbial resistance linked to the use of antibiotics for farmed
animals, mainly in intensive systems.
Third, there is an increased preoccupation that the way in which food is now produced and consumed
comes with far-reaching human development and social implications. Food is increasingly produced
in larger, more formal and more intensive systems. Food is frequently sold in global markets for
distribution after elaborate transformation and packaging, through supermarkets. The intensification
and industrialization of agriculture and food chains have resulted in a wider range of food at lower
prices becoming reliably available throughout the year to more people, with supply chain
management controls having reduced the risk of food-borne diseases. But there are also concerns:
about the care and welfare of farmed animals and the human and animal disease risk associated with
intensive production; about the consequences of distancing consumers from agricultural production,
making them unaware of the processes that produce their food; and, about the loss of “protective
factors” in the shift from more traditional diets to a modern “Western diet”, with associated risks of
losing nutrient and dietary diversity, including microbial diversity (Miller, 2014).
Fourth, a range of economic and social concerns relate to the growth in market concentration over
recent decades among the companies that sell both food products and agricultural inputs. Many of
these firms are transnational, selling in international markets, with significantly more market power
than the agricultural producers from whom they buy farm products and to whom they sell seeds,
fertilizers and other inputs (Lang, 2004; James et al., 2012). This can further marginalize the most
vulnerable populations. There are also issues for consumers through the extension of what is
sometimes called the “supermarket revolution”, including in developing countries. The largest
companies influence product development and processing technologies, while the relatively few
dominant but competitive retail gateways exert an influence over consumer tastes and choices. While
larger-scale production and distribution put downward pressure on food prices, these trends are also
thought by some to undermine healthy nutrition through the ready availability of cheap processed food
products, often exacerbated by advertising targeted at particular groups of consumers, including
children (Lang, 2004; Nestlé, 2012).
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1.1.3 Conceptual framework
The central objective of this report is to identify the challenges that agriculture has to address and to
propose possible pathways towards SAD for FSN to policy-makers and other stakeholders. The
conceptual framework used in this report (Figure 1) illustrates the elements and relationships that
guide SAD pathways for FSN. It is based on an understanding of the potential contributions of SAD to
FSN in different contexts, on the identification of the challenges from global level to farm level that
agricultural development must address to improve its sustainability, and of ways forward in terms of
“SAD pathways” to contribute to FSN.
This framework is compatible with the definition of FSN, the definition of sustainable food systems
provided by the HLPE (HLPE, 2014), and the definition of SAD elaborated earlier in this report.
Figure 1

Conceptual framework: relationship between sustainable agricultural
development and food security and nutrition
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The framework acknowledges that food systems encompass multiple components, levels, scales and
sectors, affecting and being affected by other systems. It can be applied in several contexts, from
local and national to international levels, and within and across farming systems.
The lower level captures the trends that shape the context of agricultural development, including on
the demand-side, population and income growth, technology, urbanization and changing diets, within
a context of economic and social development, and diverse cultural norms and practices. Trends and
their interactions shape the challenges that SAD has to address.
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The second level identifies the challenges faced by farming systems. These challenges can be either
cross-cutting or more relevant to certain systems and situations. The challenges impinge on food
production, and are shaped by natural resource endowments, technology and farm structures, scale
and management practices, land use and tenure arrangements and the organization of labour in
agriculture.
On the third level, Figure 1 identifies three interlinked principles for SAD: resource efficiency,
resilience, and social equity/responsibility. Resource efficiency denotes the efficiency of resource use:
it includes both the conventional relationship between factor inputs and output, as well as the
relationship between the use of natural resources and environmental impacts, which are not factored
into conventional productivity calculations. Resilience includes the ability of farming systems to
respond and adapt to shocks due to external factors such as climate change and weather events,
diseases and economic events such as price volatility. Social equity/responsibility includes
distributional, gender, tenure and property rights issues, as well as social or corporate responsibility
with respect to ethical business practices and animal welfare. These principles are further elaborated
in Chapter 4.
These principles enable the identification of possible areas for policy intervention. Solutions and
actions can be considered as falling into three overarching categories: linkages within and across
farming and food systems through diversification and integration; economic organization through
markets, trade and food chains; and an enabling framework of governance through collective and
institutional actions. Actions to implement sustainable development pathways can be implemented at
all levels, from the farming system to the national and international levels.
At the top of the diagram appears the overarching objective, FSN in its four dimensions, to which all
SAD pathways will hopefully lead.
Figure 1 does not aim to capture all the complex interrelationships. The conceptual framework is
intended rather as a tool for exploring key decision areas within the food systems relevant for thinking
at the global level as well as for particular regional or local food and agricultural settings across
production systems.
A central aspect of the report is the acknowledgement that food systems are dynamic and evolve over
time. Thus the report recognizes that the transition to more sustainable food systems is made
possible by adopting SAD pathways, which impact on the three interlinked principles for SAD, and, as
a consequence, on FSN. This framework, and the report more broadly, acknowledge the complexities
of the food, environment and social interface as well as the contextual specificities across and within
countries and the differentiated effects of change on different food system stakeholders along the
supply chain, as well as on different social actors. The challenges and priorities for SAD vary across
time and countries and depend on whether the focus is on the farm, or at the national or global levels.
Different perspectives and disciplines, including economics, agronomy, social sciences and
anthropology, all offer insights. There are also many stakeholders operating in and affecting the
system, some of them critically dependent on specific farming systems for their cultural integrity,
livelihoods and food security. Agricultural development is affected both by changes at the farm level
and by those outside agriculture, as well as by a whole range of policies and regulations either
targeted to agriculture or applicable to other sectors of the economy and society.
Despite wide acceptance of the imperative of achieving food security and better nutrition for all, the
multiplicity of possible entry points, perspectives and objectives has led to a coexistence of many
narratives and conflicting evaluations about the state of agricultural development and, most
importantly, disagreement on the directions and policy instruments that could best improve
sustainability. Particularly important among these are the market orientation and food sovereignty
narratives, which are considered in Chapter 4.

1.2 The key role of the livestock sector
This report focuses on the livestock sector, acknowledging the diversity of livestock systems, because
of its critical roles, negative and positive for the FSN status of billions of people; as an engine for the
development of the agriculture sector as a whole; because of its dynamic nature in the face of rapidly
growing ASF demand; and, because of its significance with respect to the sustainability challenges
that agriculture is facing overall.
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Figure 2

Share of rural households keeping livestock
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In 2013, the livestock sector accounted for one-third of global agricultural gross production value
(FAOSTAT). It makes a huge positive contribution to livelihoods and nutrition including for poor and
vulnerable people in the developing world. It is often said that 1.3 billion people depend on livestock
for their livelihoods, among which 600 million poor farmers.7 A study conducted by FAO in seven
African countries, based on the latest National Panel Surveys, shows that between 44 and 79 percent
of rural households keep livestock (see Figure 2).
For these rural households, livestock is integral to their cultural identity, traditional practices, values
and landscapes. Livestock also generates co-products including manure and draught power, and in
many economies acts as a store of wealth and a safety net.
The livestock sector has been one of the fastest growing sectors in global agriculture, due to rapid
demand growth in low-income and emerging economies. Delgado et al. (1999) stressed the
importance of livestock in agricultural development, which led to coining the expression "livestock
revolution". Livestock keeping is also strongly influenced by values and ethics and plays a key role in
shaping many landscapes and communities.
In 2013, the world’s livestock headcount was estimated to be 23 billion poultry birds, 1.6 billion cattle,
2 billion sheep and goats, and 1 billion pigs (FAOSTAT).8 Among milk-producing livestock, cows have
an important significance, and sheep, goats, horses, buffaloes and camels produce milk of particularly
high nutritional value. Livestock also has an important role in providing manure, power, hides, fibres
and medicines, as well as being important capital assets for livestock owners.
In 2010, animal products such as meat, milk and eggs (excluding fish and seafood) globally provided
16 percent of total calories and 31 percent of dietary protein (FAOSTAT). They are sources of
essential micronutrients such as iron, vitamin A, iodine and zinc, thus contributing to optimal nutrition.
All the key micronutrients present in ASF except vitamin B12 can also be found in plant foods but their
density and bioavailability is greater in ASF making them an important nutritional source, especially
for groups with high needs such as young children, pregnant and lactating women and people
suffering from malnutrition (Gibson, 2011). Milk consumption is especially associated with increased
height (preventing stunting) and meat consumption with increased cognitive development.
However, the livestock sector is heavily implicated in negative effects on the state of the earth’s
natural resources, including high GHG emissions, deforestation and land conversion in particular for
7
8

See http://www.livestockglobalalliance.org/
Note that this estimated “head count” is on a “point-in-time” basis, and is used as one indication of the size of the
livestock sector. Because of the short production cycle of some species (e.g. chickens, pigs), the number of animals
used by the global commercial meat industry over one year will be considerably higher.
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monocultures to generate feed, biodiversity loss, and reduced water quality and availability. It is also
implicated in conflicts over land rights and access to natural resources.
Livestock is the world’s largest user of land resources. In 2013, with almost 3.4 billion hectares,
permanent meadows and pastures represented 26 percent of the global land area (i.e. the earth’s icefree terrestrial surface) (FAOSTAT). FAO estimates that between one-third and 40 percent of global
arable land is used to grow feed crops (FAO, Global livestock environmental model – GLEAM9).
Together, permanent meadows, pastures and land dedicated to the production of feed thus represent
80 percent of total agricultural land.10
In broad terms, at the global level, livestock accounts for an estimated 14.5 percent of GHG
emissions, when accounting for all direct and indirect emissions along the production chain, including
land-use change, feed production and transport (FAO, 2013a). Livestock is a major user of water
resources, including irrigation water for animal feed production, but this varies considerably across
countries and production systems and estimates of the level of water use and its impact are still
subject to some dispute, often related to whether the livestock system depends on rainfed or irrigated
water systems.
Various authors (Altieri, 1999; Gliessman, 1997; Thrupp, 2000; Perfecto et al., 2009) have noted that
biodiversity in agro-ecosystems, including the animal component, performs important ecological
services beyond food production. These services include recycling of nutrients, pollination, pest
control, regulation of microclimate and local hydrological processes, detoxification of noxious
chemicals, control of GHG emissions, risk reduction under unpredictable environmental conditions
and the conservation of surrounding natural ecosystems. Agricultural production itself depends on
healthy eco-systems. As suggested by FAO/PAR (2011), agricultural systems cannot be reduced to
simplified input–output systems: they function best when the interconnectedness of the different
ecosystems’ components and functions is preserved and optimized through the promotion of positive
synergies between crops, breeds and natural ecosystem diversity. Animals are often an essential part
of these cycles. However, the wide diversity of livestock systems worldwide means that livestock has
varying impacts on the socio-economic viability of communities, and on natural resources and the
environment, including climate change.
Livestock production and products may also carry important health risks, especially in terms of foodborne diseases, emerging diseases and occupational hazards. There are in addition significant social
and ethical concerns such as human health, animal care and corporate social responsibility
associated with many livestock systems, with attendant social and economic costs, as well as issues
related to lack of tenure and access to credit (especially for women), and the marginalization of
vulnerable, indigenous, migrant and landless peoples.
Some of these concerns are relevant to particular countries and systems, while the diversity of social,
cultural, and political norms and preferences require taking a disaggregated and context specific
approach to SAD for FSN.
Drawing together disparate trends, drivers and opportunities for harnessing SAD for FSN, a recent
paper by the Global Agenda for Sustainable Livestock notes there is a “much needed unifying,
evidence-based ‘all-in-one’ narrative on the role of livestock in sustainable development” (GASL,
2014). The present report aims to addressthat need.

1.3 Typology of farming systems
Diversity in agriculture is the result of the co-evolution, in time and space, of human societies and
ecosystems, through the practice of farming, unfolding in different patterns of resource use and
development trajectories (Ploeg and Ventura, 2014). The heterogeneity of farming systems reflects, in
many senses, the diversity of social, economic and ecological responses to changing adaptive
conditions in different settings (Ploeg, 2010).
The analysis and recommendations presented in this report are built upon the recognition of the
diversity of farming systems worldwide, using a simplified classification of farming systems. The aim
of this classification is not to encompass all the empirical variability of farming systems around the
world, but to help policy-makers and other stakeholders address the various challenges and elaborate
9

See http://www.fao.org/gleam/en/
In FAOSTAT, agricultural land includes: arable land, permanent meadows and pastures, and permanent crops.
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context-specific pathways and strategies at different scales. The pathways towards SAD and
responses to deal with the challenges facing agriculture vary considerably across countries, among
different farming systems and through time.
The diversity of livestock production systems, at the global level, has been captured through different
classification schemes (FAO, 1996; Herrero et al., 2009; Robinson et al., 2011). In most cases,
livestock systems are treated as a subset of farming systems. The livestock classification system
proposed by FAO (1996) encompasses all the cases in which livestock contributes “more than 10
percent to total farm output in value terms or where intermediate contributions such as animal traction
or manure represent more than 10 percent of the total value of purchased inputs”. It divides livestock
production systems in two broad categories: “solely livestock production systems” (either “landless” or
“grassland-based”) and “mixed farming systems” (either “rainfed” or “irrigated”). These broad
categories are further divided to take into account the agro-ecological zones, and to distinguish
monogastric from ruminants.
Subsequent studies, such as Robinson et al. (2011), called attention to the fact that this general
classification includes features that cannot be measured using available spatial datasets, particularly
at a global scale. It is important to highlight, as well, that applying the concept of the farm unit – a
spatial reference – to some livestock systems may be challenging, considering the mobile character
of many livestock systems, as pastoralism, and the fact that, for many of these systems, collective
land use is a central feature.
In general terms, as suggested by Robinson et al. (2011) and Notenbaert et al. (2009), the
classification proposed by FAO (1996) can be used as a starting point as it “provides a relevant
stratification through which to describe, visualize and explore livestock and livestock-related issues,
and constitutes a useful baseline that can be refined, improved upon, and adapted through time”
(Robinson et al., 2011).
For the purpose of this report, a simplified classification in four broad livestock production systems is
used: smallholder mixed, pastoralist, commercial grazing and intensive. Plant-based systems are
gathered in a fifth category to consider their potential links with livestock systems.

Table 1

Share of livestock systems in animals population and in main livestock products
Population heads (percent)

Cattle & Buffaloes
Small Rum.
Pigs
Chickens

Grazing
32.7%
44.2%
n.a.
n.a.

Mixed
64.0%
55.8%
n.a.
n.a.

Feedlots
3.3%
n.a
n.a.
n.a.

Backyard
n.a.
n.a.
45.2%
18.5%

Intermediate
n.a.
n.a.
16.6%

Industrial
n.a.
n.a.
38.2%
81.5%

Production (percent)
Cattle & Buffaloes
Milk
Cattle & Buffaloes
Meat
Small Rum. Milk
Small Rum. Meat
Pork
Chicken meat
Eggs

Grazing

Mixed

Feedlots

Backyard

Intermediate

Industrial

32.5%

67.5%

n.a.

n.a.

n.a.

n.a.

30.7%

57.0%

12.2%

n.a.

n.a.

n.a.

37.6%
44.3%
n.a.
n.a.
n.a.

62.4%
55.7%
n.a.
n.a.
n.a.

n.a.
n.a.
n.a.
n.a.

n.a.
n.a.
26.2%
1.8%
7.9%

n.a.
n.a.
17.6%
n.a.
n.a.

n.a.
n.a.
56.2%
98.2%
92.1%

Source: FAO, GLEAM, base year 2010. In this table, small ruminants (Small Rum.) stands mainly for sheeps
and goats.
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In distinguishing these categories, five guiding principles were considered:
(i) The characteristics of the livestock system;
(ii) The interaction between livestock systems and whole farming systems,
(iii) Consistency with the body of scientific evidence, acknowledging that the precise definition of
boundaries can vary considerably according to different countries’ contexts and conditions;
(iv) As suggested by Robinson et al. (2011), room for investigation of future developments in
response to global drivers; and
(v) Relevance to exploring FSN issues such as access to food, markets and means of
production.
The Global Livestock Environmental Assessment Model (GLEAM), developed by FAO, provides
estimates of the relative weight of those different livestock systems (see Table 1).

1.3.1 Smallholder mixed farming systems
This category covers the following GLEAM systems: “Mixed”, “Backyard” and “Intermediate”.
Smallholder mixed farming systems combine livestock and crops on farm. They are found in all
countries throughout the world, but are most heavily concentrated in Asia and Africa. In developing
countries, most farms are mixed crop–livestock, often managed by smallholders. These small farms,
often keeping only a few animals, produce up to 80 percent of the food consumed in Asia and subSaharan Africa. 11. The diversity inside these systems enables positive synergies between crops and
livestock (such as recycling of animal waste and crop residues) and a multifunctional use of livestock.
Rainfed mixed farming systems occur in the temperate zones of Europe and America and in the subhumid regions of Africa and Latin America (de Haan et al., 2001).
Smallholder mixed farms are the most internally diverse of all farm types, usually employ family labour
and include urban and peri-urban holdings, especially in pigs and poultry and some dairy production.12
Pigs and poultry are often produced under mixed farming systems, where crops provide feed and the
livestock provide manure for crop fertilizers, often in a largely closed system.
They are important in providing food at the local level in short market chains. These livestock systems
provide multiple non-marketed benefits such as food for household consumption, manure, draught
power and fuel. They generate local employment and highly valued social cohesion in many rural
areas.
Access to land can limit the growth of these farm enterprises and thus the ability to reap economies of
scale and improve productive efficiency, which often results in an exodus of young family labour,
particularly men, leaving a population that is often disproportionately female and ageing with less
capacity to adopt new skills.
They often depend on external inputs and are thus sensitive to the variability of the prices of inputs
and outputs. The farms that are less well integrated into financial and commodity markets in long
market chains have some resilience to price volatility but they can be vulnerable to weather shocks
and climate change. Their small scale is often associated with weak financial viability, and
smallholders cannot always meet the sanitary measures and regulations demanded in long chain
markets.
They often rely on ecological processes such as nutrient recycling (in a circular economy), and the
impact of smallholder poultry and pig production, for example, on environmental degradation may be
less important than it is for large-scale livestock systems (FAO, 2008).
Smallholder mixed farming systems are associated with a great variety of livelihood strategies with
different levels of integration into markets (HLPE, 2013a). The diversified agricultural systems
developed by these smallholders are often characterized by the presence of different species of
animals and multipurpose breeds. Under certain circumstances, in response to pressures and
opportunities, mixed farming systems in both developed and developing countries have converted into
specialized farming systems that are highly dependent on the use of external inputs.

11

See: http://www.fao.org/fileadmin/templates/nr/sustainability_pathways/docs/Factsheet_SMALLHOLDERS.pdf
(accessed June 2016)
12
For an in-depth study of smallholder agriculture, see HLPE (2013a).
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1.3.2 Pastoral systems
This category is included in the GLEAM “Grazing” system. Pastoral systems are the result of a coevolutionary process between populations and the environment. They have developed a variety of
modes of land tenure and management that are strongly associated with mobility, the use of common
pool resources and the ability of animals to convert local vegetation into food and energy. Pastoralism
is globally important for the human populations it supports, the food and ecological services it
provides, the economic contributions it makes to some of the world’s poorest regions, and the longstanding civilizations it helps to maintain (Nori and Davies, 2007; WISP, 2008).
Pastoralism occurs mostly in the developing world, in areas where intensive crop cultivation is limited
or physically not possible (FAO, 2001). IFAD estimates the number of pastoralists to reach nearly 200
million (IFAD, 2009a). In different contexts, extensive livestock rearing can be combined with crop
production, mainly for household consumption.
Pastoral systems are found from the drylands of Africa and the Arabian Peninsula to the highlands of
Asia and Latin America, in the Sahel, Sahara, the Horn of Africa, the Middle East, Central Asia and
China, in some parts of Latin America, and in mountainous areas worldwide. They are widespread in
the arid zones with low and irregular rainfall, water and natural forage resources. In these areas, they
are one of the main economic activities on which the poorest populations are dependent as a source
of food and cash income. Pastoral livestock is also the main insurance for millions of poor people
whose livelihoods depend on rainfed agriculture.Pastoral systems have low levels of productivity in
physical terms due to dependence on often poor quality and scarce local resources and limited
access to purchased inputs, resulting in both low levels of overall inputs used and output produced.
They have relatively high levels of biodiversity in the form of livestock species and locally adapted
animal breeds.
They are often traditional, using common land that is enshrined in legal and customary property
rights. This implies that the collateral and assets available to pastoralists are embedded in the
ownership of animals and not in private land rights. Pastoralists’ access to land is under threat from
the often considerable pressure on the environment, competition for land from other economic
activities and the frequency of droughts.
Pastoralists have developed different strategies over time to keep a balance between pastures,
livestock and people, such as: raising a variety of species and breeds in order to make an optimum
use of different ecological conditions; controlling access to water in order to manage the use of
pastures; and investing in animals, particularly in fertile females, as an insurance against drought,
diseases and other extreme events (Hesse and MacGregor, 2006; ODI, 2009). The distribution of
assets according to social arrangements based on systems of reciprocity is also an important strategy
in the social and economic continuation of pastoralist forms of livelihood.

1.3.3 Commercial grazing systems
This category is also included in the GLEAM “Grazing” system. Commercial grazing systems can be
found both in developed and developing countries in areas covered by grasslands, but also in forest
frontiers where pastures expand into forests and woodlands such as in the Amazon Forest in Brazil.
Latin American countries can be characterized as having a small number of commercial farmers, which
produce the bulk of agricultural production and co-exist with a much larger number of small farms.
Commercial grazing (and ranching) systems in Canada, Australia, New Zealand and the western United
States of America are much larger enterprises than in Europe, or in Asia, Africa and the Middle East.
Commercial grazing is important in beef, dairy and sheep production in the agro-ecological zones
concerned.
These systems are predominant where there is abundant pasture and a pool of rural labour for hire. As
grazing and ranching systems intensify, producers can increase production by sowing improved pasture
species. The use of high-yielding animal breeds can also be an important feature of these systems with
different levels of dependency upon external inputs. An important distinction between pastoral and
commercial grazing systems is that the latter has more secure access to land and stronger land property
rights, as well as more fully developed links to global value chains.

39

In different agro-ecological zones commercial grazing is important for beef and sheep production. In
Europe, it is often the principal way by which grasslands are valued. Commercial grazing can also
result from the conversion of forests and woodlands, as has happened in Brazil. The intensification
and the environmental impact of these systems can vary significantly across different biomes.

1.3.4 Intensive livestock systems
This category covers the following GLEAM systems: “Industrial” and “Feedlots”. Intensive livestock
farming systems are most typical in pig and poultry production and are to be found in all regions of the
world, especially in high-income countries and emerging economies. Intensive landless systems can
be found around urban conglomerates of East and Southeast Asia, Latin America or near the main
feed-producing or feed-importing areas of Europe and North America (de Haan et al., 2001).
Intensive livestock systems have a high level of productivity (number of animal units per worker,
animal productivity per worker), which manifests itself in an intensive substitution of labour and land
by capital, high dependence on external inputs, including feed and fossil fuels, and the application of
forms of organization based on a division of labour. Intensive systems seek opportunities to expand
the farm and increase size, exploiting economies of scale to enhance competitiveness. They are
relatively significant employers of hired labour.
Their main objective is to maximize profitability based on: (i) technical and managerial efficiency in the
use of resources (in particular feed resources) by animals with a high yield potential; (ii) finding
cheaper feed resources wherever they are sourced; and (iii) intensifying animal density per unit of
area (per ha, per square metre of buildings), as these operations have high investment and operating
costs.
They are very well integrated into commodity supply chains (input and output, including through
international trade), which favour the lowest possible production costs, standardization of products
and high levels of sanitary rigour. The technologies and practices used tend to be relatively uniform
across the world. As a result, upstream and downstream players exert decisive influence on the
standardization of the technical processes at the farm level and along their supply chains (foodstuffs,
equipment, animal genetics and veterinary products). This also has implications for the regional
concentration of farms and food processing.

1.3.5 Links with plant-based systems
Although mainly focused on livestock systems, this report also acknowledges the complementarity
between crop and livestock systems.
In plant-based systems, where animals represent less than 10 percent of the total farm output in value
terms, livestock is still very important as an outlet for feed crop production and as a potential source of
diversification and value added, in particular where access to land is limited. Chapter 2 describes
more precisely those crop–livestock linkages and Chapter 4 highlights the potential contribution of
integration and diversification to SAD pathways.
Crop and feed-producing systems
This category comprises large areas of land cultivated with a small number of crops using, quite often,
methods that require the intensive use of external inputs. In the case of grain monocultures,
particularly maize and soybeans, the connection with intensive livestock systems is mostly
established through global (traded) commodity chains.
Plant-based smallholder systems
The specialization of smallholder systems in plant production can be a result of agro-ecological
conditions more suitable to farm strategies based on a combination of different crops or the result of
market specialization. The intensive production of fresh vegetables for the market by specialized
smallholders depends on the use of animal manure – which is common in peri-urban settings – and is
a good example of a farming system where the contribution of animal production is negligible but
nevertheless useful and where there is room to increase livestock products (especially poultry).
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1.4 Concluding comments
Sustainable agricultural development is agricultural development that contributes to improving
resource efficiency, strengthening resilience and securing social equity/responsibility of agriculture
and food systems in order to ensure food security and nutrition for all, now and in the future.
Livestock is arguably the most dynamic agriculture sector, with socio-economic implications for
animal-feed demand, for concentration and intensification, and for increased income creation and
nutritional status and health. Livestock systems are also strongly linked to crop sectors, both largescale and small-scale. Livestock raising directly contributes to livelihood and nutrition through the
production and sale of ASF and generates by-products including manure and power, acting as a store
of wealth, and is integral to the traditional practices, cultures, values and landscapes of many
communities across the world. Livestock also has significant implications for the environment, both
positive and negative, particularly when impacts on land-use change and water quality are taken into
account.
Critical issues in SAD for FSN include both cross-cutting issues and issues that vary across different
livestock systems and situations within and between countries. The biological and cultural diversity
embedded in farming systems and the knowledge associated with the practice of agriculture in
different agro-ecosystems must be kept in mind when designing adapted sustainable pathways. This
diversity is an important asset for SAD pathways that support FSN at different levels, as well as for
the capacity to adapt agricultural production to climate change and to diversify diets. Pathways
towards SAD must take into account the important linkages between livestock and crop sectors. This
diversity is captured in this report by four broad types: smallholder mixed farming, pastoral,
commercial grazing and intensive livestock systems.
Chapter 2 looks at the trends and drivers affecting livestock systems.
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2 TRENDS AND DRIVERS OF AGRICULTURAL
DEVELOPMENT
As mentioned in Chapter 1, the last 50 years have been marked by dramatic demographic and
economic changes (including population growth, urbanization, economic and income growth,
changing diets), which have driven a considerable increase in agricultural production and will continue
to shape agricultural development. Agricultural development also interacts with the evolution of
agricultural markets.
In this context, over the same period, farming and food systems have experienced a radical
transformation characterized by: specialization at the farm and territorial levels, which entailed an
important modification of the linkages between crop and livestock production; by the complexification
of food supply chains; and, by growing market concentration in the agro-food industry.
This chapter describes these changes and concludes with an outline of various projections of demand
and supply of agricultural products, which prepares the way for an analysis of the challenges facing
SAD for FSN in Chapter 3.

2.1 External trends affecting agricultural development
2.1.1 Demographic changes, economic growth and their impacts on FSN
The world population has increased dramatically from 3 billion in 1960 to 7.3 billion in 2015
(UNDESA, 2015). Most of this increase occurred in developing countries.
Between 1961 and 2010, global GDP multiplied more than five times, from 9 300 to 52 700 billion in
constant 2005 USD (World development indicators). During the same time, the value of global
agriculture gross production increased faster than population, from 700 to 2 100 billion in constant
2004–2006 USD (FAOSTAT).
While food security concerns have long focused on total calorie intake, today they have expanded to
the so-called “triple burden” of malnutrition: hunger (deficiencies in dietary energy intake), estimated
by FAO to affect some 792 million people worldwide (FAOSTAT); micro-nutrient deficiencies (such as
iron, vitamin A, iodine and zinc), which affect some two billion people, the majority living in developing
countries;13 and over nutrition, which affects a growing number of people. In 2014, more than 1.9
billion (39 percent) of adults aged 18 years and over were overweight, of which over 600 million (13
percent) were obese (WHO, 2015a). These categories overlap: both calorie deficiencies and obesity
can co-exist with nutrient deficiencies, while nutrient deficiencies can occur in people who consume
enough calories. Under nutrition is mainly a problem in low- and middle-income countries. On the
other hand, over nutrition is an increasingly entrenched problem in high-income countries and also an
emerging problem in low- and middle-income countries, with a worldwide shift to “Western-style” diets
(that are characterized in part by a higher intake of animal sourced foods).
The growth in income and in agricultural production at the global level allowed important progress
towards food security and nutrition. In fact, FAO (2012a) estimates that between 1969/1971 and
2005/2007 the average per capita food consumption at the world level increased from 2 373 to 2 772
kcal/person/day (in developed countries, average per capita consumption exceeds 3 300
kcal/person/day). According to WHO (2015a), the proportion of underweight children under five years
declined globally from 25 percent in 1990 to 15 percent in 2013. Over the same period, the number of
children affected by stunting declined globally from 257 million to 161 million, representing a decrease
of 37 percent (WHO, 2015a). However, meanwhile, the burden of over-nutrition and obesity has
grown in importance: at the global level, obesity has more than doubled since 1980. In 2013, 42
million children under five years old were overweight or obese (WHO, 2015b), and the problem exists
not only in developed countries but also in developing countries.

13

Estimate for anaemia worldwide from WHO available at http://www.who.int/nutrition/topics/ida/en/).
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During the next decades, the world population will continue to grow, although more slowly. This
growth at the global level should not hide the differences between regions. Most of the increase in
population will take place in Africa, where agricultural productivity gains have been limited, where
people are already more food insecure and more vulnerable to climate change. Between 2015 and
2050, the population is expected to double in Africa, to increase by 20 percent in Asia and by 12
percent in the rest of the world (UNDESA, 2015).
The share of the world population living in urban areas increased from 30 percent in 1950 to 54
percent in 2014. By 2050, 66 percent of the world’s population is expected to be urban (UNDESA,
2014). In Africa and Asia, the urban population rates are projected to grow faster, from 40 and 48
percent in 2014 to respectively 56 and 64 percent by 2050. However, the rural population will continue
to grow in Africa, in Oceania, and in the least developed countries.14 In Africa, around 122 million
young people will enter the workforce between 2010 and 2020, and even under optimistic off-farm
wage growth scenarios, one-third to one-half will need to find jobs in agriculture (Jayne et al., 2014).
Compared with the less diversified diets of rural communities, city dwellers are more likely to enjoy a
varied diet rich in animal proteins and fats, characterized by higher consumption of meat, eggs, milk
and dairy products. But, according to Ruel et al. (1999), there is a steady shift in the locus of poverty
in developing countries, where food insecurity and malnutrition are moving from rural to urban areas.
Urbanization in developing countries is posing new questions regarding economic and social policies
in general, particularly in the case of food security, as it is proceeding quickly while policies, and agrifood and institutional structures, are adjusting more slowly (Díaz-Bonilla, 2015).
Urbanization and income growth create new opportunities for food products. It also stimulates
improvements in infrastructure, including cold chains, food safety and quality standards, which
facilitate trade and transportation of perishable foods. Smallholders and family farmers can benefit
from these opportunities as long as there is an enabling environment to facilitate access to markets.
Urbanization also results from rural-urban migration that can entail an ageing and feminization of the
agricultural workforce that stays behind.
Urban agriculture does not escape from such a deep transformation. Recent studies suggest 450
million people keep livestock in urban areas. Poultry is the most common type of livestock kept in
urban areas, followed by dairy cattle. Pig keeping is common in Southeast Asia, and sheep and goat
fattening in West Africa and the Middle East (Grace et al., 2015). Most of the 2.5 billion people who
live in developing country cities buy their food from urban live animal markets, wet markets and
slaughterhouses (Grace et al., 2015). Urban livestock keeping can make important contributions to
FSN and livelihoods but requires careful management to mitigate pollution, diseases, accidents and
social tensions (Correa and Grace, 2014).
With economic growth and urbanization, there is a long-term tendency for average farm size to
increase, as young workers seek employment outside farming, and farms amalgamate and
modernize. However, in some developing countries, particularly in Africa, the lack of off-farm
employment opportunities, and the increase in rural population, is associated with land fragmentation
and smaller farm units. This phenomenon undermines traditional farming cultures and social cohesion
in rural areas. Some of the most dramatic changes, over a relatively short period of time, have been
seen in China and some countries in Southeast Asia.
The case of China presented in Box 2 illustrates some of the links between economic growth,
demographic change, transformation of the agriculture sector and food security and nutrition.
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The least developed countries gathers 34 countries in Africa, 9 in Asia, 5 in Oceania, and 1 in Latin America and the
Caribbean.

Box 2

Economic growth, demographic change and adjustment in China’s agriculture
sector

China’s economy has experienced strong GDP growth, at 9.8 percent per year, on average, from 1978
to 2013, with the demographic dividend acknowledged as one of the major contributors to the fast
growth. In particular, the massive migration from rural/agriculture to urban/non-farm sectors has
improved labour productivity to a great extent.
The rural–urban migration of more than 300 million people since 1978 is the largest of its kind in
peacetime in human history. It has contributed greatly not only to the national economy, but also to the
welfare of the immigrants themselves and their families. Income from agriculture sources accounted for
about 75 percent of rural households’ net income during the mid-1980s; however, it declined to about
one-third in recent years, while the share of wages increased to about one-half of household net
income in rural areas. Partly due to the increase of income from non-farm sources, per capita income in
rural households has grown at an annual rate of 7.5 percent from 1978 to 2012.
This rural urban migration is expected to continue in the next decades and, between 2014 and 2050,
the rural population in China should fall drastically from 635 to 335 million (UNDESA, 2014).
The joint effect of income growth and labour out-migration is a dramatic shift of the supply curve in the
rural labour market. As a result, rural wage rates increased by more than four times in 13 years, from
20.8 yuans/day in 2000 to 109.8 yuans/day in 2013. As the recorded wage rate is an annual average,
the actual wage during peak season would be much higher, due to the seasonality of labour demand in
agriculture.
Farmers have two options when facing continuous increases in labour costs: they may shift to high
value products, or substitute machinery for labour if they wish and are able to continue grain
production. Due to strong demand resulting from income growth in the urban areas, the areas sown to
vegetables have increased from 2 percent to 12 percent in total, at the cost of grain production, despite
labour inputs required in vegetable production being about 5–6 times greater than for grain production,
and rapidly rising labour costs. The relatively high price of vegetables covers the high labour costs
involved.
Grain production has been the least profitable option due to relatively low prices, which could not go up
with labour costs. Therefore, one major option for continued growing of grain crops is to substitute
machinery for labour, if technical and economic conditions permit. One of the major technical
constraints is topography, which determines feasibility of machinery services.
Reflecting these factors, in the four southeastern coastal provinces, over the last 20 years grain
production has reduced by 45 percent in Zhejiang, between 25–30 percent in Fujian and Guangdong,
and has kept at the same level in Jiangsu. The four provinces have experienced the same dynamics:
relatively faster economic growth and demographic change, and higher income and labour costs,
compared with other provinces. However, while crop sown area accounts for about half of the total land
surface in Jiangsu, the share of sown area in the other three provinces is less than 20 percent, implying
a large portion of the arable land is likely to be located in hilly regions, not easily accessible for
machinery.
Source: NBSC (National Bureau of Statistics of China), various years and State Bureau of Statistics,
2015

2.1.2 Changing diets: evolution of ASF consumption
Between 1961 and 2010, to meet the growing demand, global meat production has quadrupled from
71 million tonnes to 292 million tonnes; milk production (excluding butter) more than doubled from 342
to 720 million tonnes; and eggs production rose from 15 to 69 million tonnes (FAOSTAT).
FAO (2012a) draws attention to the rapid increase in consumption of ASF and vegetable oils. ASF
and vegetable oils together provide 22 percent of total calories in developing countries, up from 13
percent in the early 1970s. This share is projected to rise to 26 percent in 2030 and 28 percent in
2050 (in the developed countries the share has been flat at around 35 percent for several decades
now).
According to FAO (2012a), global average meat consumption in 2005/2007 amounted to 39
kilograms/capita/year (28 kg/capita/year in developing countries and 80 kg/capita/year in developed
countries). Figure 3 shows the relationship between meat consumption and GDP in different
countries. While milk and dairy consumption (excluding butter) was 83 kg/capita/year globally, with a
greater difference between developing and developed countries than in meat (52 and 202
kg/capita/year respectively).
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Figure 3

Relationship between per capita meat consumption and income in 2011
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In recent years, the growth in the demand for ASF has come mainly from the rapidly expanding
economies among developing countries. Much of this growth has been concentrated in East Asia, and
in poultry and pigs. In developed countries, production and consumption of livestock products are now
growing either slowly or are stagnating, although they have reached high levels. Red meats (in
particular beef and sheep meat) have experienced a lower rate of demand growth. In developed
countries, and to some extent in developing countries and transition economies, changes in diet have
exerted a growing influence on food demand – in particular livestock.
Dietary advice from governments and nutritional scientific communities – advice that is remarkably
similar across countries – have played a more significant role in food demand choices, but to some
extent the advice has evolved and changed over time while often in conflict with the marketing and
promotion efforts of the post-farm sectors of the agri-food supply chain. The trend towards a larger
role for nutrition advice in consumer food choices is most noticeable in developed countries but is also
starting to have an impact in developing countries and transition economies. Yet the evolving advice
(together with sometimes misleading media reporting) has led to some confusion among consumers.
There is also considerable controversy over the role of the agri-food industries. Some commentary
emphasizes their role in feeding more people at lower cost over time, while others draw parallels
between the food and tobacco industries and conceptualize overconsumption as a “profit driven”
disease (Buse and Kent, 2015). Despite isolated areas of improvement, there has been little overall
progress in shifting “Western-style” diets to healthier alternatives or decisively reversing overweight
trends (Roberto et al., 2015). Poor diet and non-communicable disease are increasingly associated
with poverty in both developed and developing countries, but it is not clear to what extent this is driven
by food availability and price, by retail marketing, or by consumer preferences for heavily flavoured,
convenient and cheap food.
Consumption of ASF is expected to rise till 2050, faster in developing countries, with meat
consumption reaching 49 kg/capita/year globally (respectively 42 kg/capita/year in developing
countries and 91 kg/capita/year in developed countries) while milk and dairy consumption will reach
99 kg/capita/year globally (respectively 76 kg/capita/year in developing countries and 222
kg/capita/year in developed countries).
46

The evolution of the consumption of ASF is projected to vary considerably by region. It is estimated
that demand for livestock products will nearly double in sub-Saharan Africa and South Asia, from
some 200 kcal/capita/day in 2000 to around 400 kcal/capita/day in 2050. In member countries of the
Organisation for Economic Co-operation and Development (OECD) (currently at 1000 kcal/capita/day
or more), consumption levels will barely change, while in South America and countries of the former
Soviet Union it is expected to increase to OECD levels (Van Vuuren et al., 2009).

2.2 Evolution of agricultural markets
2.2.1 Real prices follow the long-term declining trend
Price levels affect both the production and consumption of food. There is often tension between
producers’ preference for higher prices and that of consumers for lower prices; much of the debate
regarding different policy approaches to agricultural production and food security has revolved around
the policy dilemma of whether governments should support profitable prices for producers with
important associated benefits for the wages of farm workers (Wiggins and Keats, 2014) or affordable
prices for consumers (Díaz-Bonilla, 2015).
Despite the sharp price spikes in recent years, in the light of the evolution of real prices over the last
century, prices are projected to continue on a trend of long-term decline. Prices during the early
2000s were below the trend, while current and projected prices are closer to trend.
The annual OECD–FAO Outlook provides an assessment of prospects in agricultural commodity
markets – including nominal and real prices – for the coming decade. The latest edition (OECD/FAO,
2015) covers the years 2015 to 2024. It identifies the drivers and trends influencing agriculture prices
in the medium term at a global level. The following paragraphs summarize some of the Outlook
findings with regard to SAD, including the livestock sector.

Figure 4

Medium-term evolution of commodity prices in real terms
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In real terms, world prices for all agricultural products are expected to decrease over the next decade,
consistent with the long-term secular decline trend. They are projected to decline from their 2014
levels but remain above their pre-2007 levels. When considering only the last 15 years, projected
prices appear to be on a higher trend (Figure 4). The period of low prices in the early 2000s was
followed by a period of high and volatile prices starting in 2007. Prices started to moderate in 2013,
but are not expected to drop to the levels witnessed in the early 2000s.
Rising demand for animal feed remains the core driver of cereal consumption growth. Poultry, widely
considered to be affordable meat, with low fat content and few religious and cultural barriers,
dominates meat consumption with an average annual growth rate of 2 percent. It is expected to
account for half of the additional meat consumed in 2024. Although the emergence of biofuel and
other industrial uses was an important driver of rising demand for cereals throughout the past decade
(coarse grains use for biofuels almost tripled from 2004 to 2014), current stagnation in biofuel demand
implies feed-use will become the more significant driver of cereal demand (see Box 4 on Biofuels).
Favourable meat-to-feed price ratios over the coming period will favour production growth, particularly
in poultry and pork, which rely on intensive use of feed grains. A short production cycle allows the
poultry sector in particular to respond quickly to improved profitability and, underpinned by robust
demand, production is projected to expand by 24 percent over the outlook period to 2024. In 2024,
developing countries (but excluding the least developed among them) will account for 58 percent and
77 percent of the additional global poultry and pigmeat production, respectively. However, in many
developed countries, production growth is projected to be slower.
Consumption of dairy products has expanded rapidly over the past decade and constitutes an
important source of dietary protein. At a global level, the demand for dairy products is expected to
expand by 23 percent over the ten-year projection period. Growth remains strongest in the developing
world and, in light of the preference for fresh dairy products within these regions, almost 70 percent of
additional dairy production will be consumed fresh.
Rising milk production throughout the past decade was a result of dairy herd expansion, as average
yields declined by an annual average of 0.2 percent, due to fast increasing dairy herds in low-yield
regions. Over the outlook period, milk production is projected to increase by an annual average of
1.8 percent, with the bulk of the additional milk produced in developing countries, notably India, which
is expected to overtake the EU to become the largest milk producer in the world. Within developing
countries, growth in milk production will result from both herd expansion and productivity gains. In
contrast, dairy cow numbers are projected to decline in most developed countries, reflecting
productivity gains as well as constraints in water and land availability.

2.2.2 Price volatility
There is a consensus that price volatility has been higher in recent years than in the previous two
decades but is much lower than it was in the 1970s (see Figure 4 and HLPE, 2011a). Higher price
volatility is associated with price spikes. This has been the case in the four commodity booms
associated with food crisis since the First World War: 1915–17, 1950–57, 1973–74, and, most
recently, in 2007–08 (World Bank, 2009). Price volatility thus interacts with the price level to affect
FSN and increases risks to producers with implications for resource allocation and for investment
decisions. Price volatility is argued by some economists to be readily absorbed by poor consumers
because their time horizons are very short (Barrett and Bellemare, 2011) but poor consumers have to
make difficult choices when food prices rise sharply, which are likely to compromise longer-term
investments in such things as children’s education and productive resources (Heltberg et al., 2012).
Huchet-Bourdon (2011) found more price volatility in staple products such as wheat and rice
compared with beef, dairy and sugar during a study period of 50 years. To some extent, livestock is
“opportunistic”, absorbing surplus calories when food is plentiful and yielding value (e.g. through
slaughter) when crops fail. This is an important dimension of livestock for FSN, in particular for
pastoral and smallholder mixed livestock systems.
Price volatility in developing countries can be imported from world markets or result from domestic
changes in supply and demand. In countries whose staple foods are not traded internationally,
domestic sources of price volatility are clearly dominant. The main local factors that exacerbate price
volatility in developing countries include weather (especially in regions that are dependent on rain-fed
agriculture), high internal transport costs, failures in the functioning of domestic agriculture markets
and policies, including macro-economic instability (HLPE, 2011a). Over time, however, as markets
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have been opened, imported volatility has become increasingly important in many countries
(Konandreas, 2012).
Even though real prices are projected to decline over the long-term (see above), this does not
preclude the likelihood that prices will experience bouts of volatility, including upward price spikes, in
the coming period. Such price spikes have a demonstrable effect on production and investment
decisions.

2.2.3 Trade, SAD and FSN
The liberalization of agricultural markets and increasing role of international trade has had significant
effects on food security and nutrition. Some of the trends have been positive for FSN, while others
have undermined desired outcomes (FAO, 2015b).
The pattern of food trade has changed in the last twenty years. The large cereal exporters are largely
the same but the US share of the growing global total has declined, as South American countries (in
particular Brazil) have expanded their production significantly. Despite the growth in exports,
especially from Latin America and from some parts of Asia, developing countries as a whole went
from net food exporters to net food importers in 1990. Since then, the level of food imports to the
global South has increased steadily, driven by two quite distinct sources of demand. The first is rising
incomes, primarily in Asia, that have changed diets and increased demand for processed foods, and
for ASF in particular. The second, predominantly in Africa and the Near East, is driven by a rising gap
between the demands of a growing population and too slow growth in agricultural production.
According to the OECD–FAO Outlook 2015–2024, international trade volumes of most agricultural
commodities are projected to expand over the next ten years. While a very high proportion of ASF is
produced and consumed locally, the importance of international trade is increasing.
Skim milk powder is the most traded ASF, with more than 50 percent of total production currently
exported. According to the OECD–FAO projections, beef will continue to be the most traded meat in
the next decade (with less than 20 percent of total production currently exported).
The growth in livestock production impacts on the demand for feed grains and oilseeds, with trade of
coarse grains for feed having risen faster than the trade in some ASF products. For some producers,
such as in the European Union (EU) and China, availability of imported feed is vital for their livestock
sectors.
Exports of livestock products are concentrated in fewer than ten countries and regions, in particular
Australia and New Zealand (dairy and sheep), the EU (dairy and pork), United States of America
(beef, poultry, pork and dairy products) and Brazil (beef and poultry). India is currently the country that
exports the largest volumes of beef.
National trade-related policies such as some subsidies and domestic support measures, that are
provided mainly by developed countries, but increasingly also in some developing countries including
India and China, and tariffs have a major impact not only on national agriculture and food systems,
but also on the agricultural performance of other countries. It is worth noting that dairy and beef
products are among the most protected commodities across the world. Moreover, sanitary,
environmental and animal welfare certification measures are of increasing importance for international
trade.
The relationship between trade reform and food security has been a topic of long-standing debate
among governments, stakeholders and in the academic literature, which has resulted in different
prescriptions and policies, ranging from those prioritizing national self-sufficiency to those that rely
heavily on open markets and freer international trade. Many analysts argue that environmental and
social concerns resulting from freer trade need to be addressed with well-targeted complementary
domestic policies. Others do not think such complementary measures enough, in particular for lowincome countries that lack the revenue to invest significantly in social protection. The controversy over
trade has deepened in the wake of the commodity price spikes of 2007/2008, which pushed a number
of net food importing developing countries to change their food security strategies to increase either
domestic production or production overseas on leased plantations. The recent FAO State of
Agricultural Commodities Markets (FAO, 2015b) is focused on international trade and reviews the
debates in some detail. The implications for SAD and FSN of price volatility and the impacts of trade
reform policies are examined in the discussion of pathways in Chapter 4.
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2.3 Radical transformation of farming and food systems
Over the last two decades, the global food and agriculture system has undergone rapid restructuring
and transformation, with important differences among regions, nations and in local contexts
(McMichael, 1993; Goss et al., 2000; Busch and Bain, 2004; Konefal et al., 2005; Thompson and
Scoones, 2009, Sumberg and Thompson, 2012).

2.3.1 Structural transformation in agriculture and the livestock
revolution
Structural transformation in agriculture describes a broad development trend in which agricultural
productivity grows while agriculture’s share in GDP and employment declines. Structural
transformation has historically been accompanied by rural-to-urban migration, the development of an
industrial and service economy, and a demographic transition from higher to lower birth and death
rates (Timmer, 2007).
However, other paths of structural transformation have also been observed (Dorin et al., 2013). In a
number of lower-income countries (especially in Africa), the demographic transition is delayed, offfarm opportunities are limited and substantial agricultural productivity gains remain elusive (HLPE,
2013a). Unlike other regions of the world, sub-Saharan Africa has seen urbanization without
industrialization (Losch, 2014) and a recent review found evidence of “premature de-industrialization”,
with de-industrialization starting at low levels of GDP (Rodrik, 2015).
The HLPE (2013a) has shown that the agricultural sectors in some countries are facing economic
divergence; in other words, per capita agricultural incomes are declining relative to other sectors while
the population working in agriculture is increasing. This divergence creates social and economic
tensions, as the value added from agriculture has to be shared among more, relatively poorer, people.
Within such a context, the “livestock revolution” (Delgado et al., 1999) accounts for the accelerated
growth in demand for livestock products, particularly in the developing world, tied to human population
growth, rising incomes, continuing urbanization and changing food preferences. The notion of the
livestock revolution – with its promise of dietary diversity, improved nutrition and health; economic
opportunities for small-scale producers; and growing, often negative, effects on natural resources – is
considered to be one of the most powerful ideas to emerge in the areas of food, nutrition and
agricultural development in recent decades (Sumberg and Thompson, 2012).
Analysis by Delgado et al. (1999) identified seven characteristics of the livestock revolution:

•
•
•
•
•
•
•

“rapid worldwide increases in consumption and production of livestock products;
a major increase in the share of developing countries in total livestock production and
consumption;
ongoing change in the status of livestock production from a multipurpose activity with mostly
non-tradable output to food and feed production in the context of globally integrated markets;
increased substitution of meat and milk for grain in the human diet;
rapid rise in the use of cereal-based feeds;
greater stress put on grazing resources along with more land-intensive production closer to
cities; and
the emergence of rapid technological change in livestock production and processing in
industrial systems”.

Such substantial increases in global demand and supply for food, and ASF in particular, if it continued
at the same pace, would have profound implications for livestock production systems and for land-use
changes over the coming decades. FAO (2012a) estimates that between 2005/2007 and 2050 the
global cattle and buffaloes population would increase from 1.5 billion to 2 billion, and the global goat
and sheep population from 1.9 billion to 2.9 billion. Crop production growth in the future would come
mostly from yield increases rather than from area expansion (see Section 2.4 on projections). The
increase in livestock production would be mainly the result of expansion in the number of animals,
although increased animal productivity is also essential if natural resources are to be used wisely.
And the expansion of herds will occur largely in developing countries (Thornton, 2010). These
livestock changes would impact on land-use patterns, both locally where the livestock is raised and at
a distance, through the production and trade of animal feedstuffs.
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As noted by Erb et al. (2012), production of meat, milk and eggs requires large amounts of animal
feed. The shift towards more intensive livestock production systems has had a profound effect on the
composition of agricultural land-use (Taheripour et al., 2013).
At the global level, grass, which is mostly grown on land unsuitable for crops, represents 48 percent
of the biomass eaten by livestock, followed by grains (28 percent of biomass consumed), and by
occasional feeds and stovers (fibrous crop residues). However, in most developing countries, stovers
are a key feed resource, comprising sometimes up to 50 percent of the diet of ruminants (Herrero et
al., 2013). Many smallholder mixed-systems in developing countries rely on local crop residues to
provide the basic diet for livestock, resulting in a very low-cost feed although these feeds, especially
cereal straws, have low nutrient values. In these systems, improving the nutrient content and
digestibility of feed in a cost-effective manner is a priority (Wright et al., 2011). Attempts have been
made to upgrade the fodder quality of crop residues by chemical, biological and physical treatments,
but few of these interventions have been widely adopted.
Between 1961 and 2013, arable, permanent meadows and pastures increased by 9 percent
(FAOSTAT), mainly to provide crops for livestock feed and grasslands for cattle-raising. The demand
for protein sources for animal feed has led to a considerable increase of cropland planted with feed. In
Latin America, for example, soybean area has risen from 0.3 to 53 million ha between 1961 and 2013
(FAOSTAT). Between 1990 and 2013, South America’s agricultural land increased by 66 million
hectares (12 percent) while forest area decreased by 85 million hectares, an area that included 29
million hectares of primary forest (FAOSTAT).
Globally, the area devoted to maize and soybean – the dominant feed used in concentrated livestock
diets − has risen by 56 million hectares over the first decade of the twenty-first century (FAOSTAT).
Meanwhile, the area devoted to permanent meadows and pastures – typical of extensive livestock
production − fell by 57 million hectares (FAOSTAT), with the use of animal feed crops such as hay
and fodder falling as well (Taheripour et al., 2013). In turn, ruminant grazing intensity on rangelands is
projected to increase, resulting in more intensification of livestock production in the humid and sub
humid grazing systems of the world, particularly in Latin America and the Caribbean.

2.3.2 Intensification and specialization of farming systems
Over the last 20 years, increasing demand for livestock products has been met primarily through a
shift from extensive, small-scale, subsistence, mixed crop and livestock production systems towards
more intensive, large-scale, geographically-concentrated, commercially oriented and specialized
production units (Robinson et al., 2011).
The intensification of animal production, however, is not necessarily associated with the
industrialization process. For example, small-scale livestock keepers may intensify their production by
increasing labour productivity; using improved management practices such as feeding with crop
residues or using manure as fertilizer; by procuring services off-farm; or, by adopting improved
breeds. Diversification generates opportunities to increase land productivity and to improve the
resilience of the system. The dairy sector in India is a good example, where large numbers of
smallholders contribute to the provision of milk for the surrounding urban markets. Milk production in
India increased from 78 million tonnes in 1999 to 116 million tonnes in 2009, an increase of 49
percent (FAOSTAT), with an average herd size (cows and buffaloes) of only 3.3 head (Wright et
al., 2011).
Intensification may lead to a degree of mechanization of operations on the farm, at which point
production may become industrial. This enables farmers to invest in more targeted technologies and
enables greater market integration, offering the possibility of improved economies of scale.
Monogastric species (pigs and poultry), in particular, due to their high feed conversion ratios and short
reproductive intervals, are well suited to the rapid intensification of production.
Developed countries – and increasingly developing countries - have experienced considerable
specialization, intensification, and economies in agricultural production, driven by economic growth,
policies directed at increasing production, careful use of new and existing technologies and a
substitution of capital for labour. This has led to a decrease in mixed farming systems: most cereals
are produced on specialist arable farms, and large-scale industrial units dominate the monogastric
livestock sector. The dairy sector, especially in North America and to some extent in Europe, is also
rapidly moving towards industrial-style production systems. This trend has been accompanied in
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some countries, such as The Netherlands, with the release of land for green spaces to enhance
biodiversity.
In developing countries, on the other hand, mixed crop–livestock systems produce 65 percent of beef,
75 percent of milk and 55 percent of lamb, the vast majority from smallholder systems. Mixed crop–
livestock farming systems are crucial to contributing to the livelihood of almost 2 billion people in
developing countries, half of whom are poor, and to global food security (Wright et al., 2011).
With limited land and water resources and environmental concerns relating to the impact of
agricultural practices, more production in developing countries will come from increasing the
productivity of existing resources (intensification). A key question is whether this intensification in
developing countries will result in more specialization and industrialization, as is the case in
developed countries, or in the intensification of smallholder mixed systems. The answer will depend
very much on country situations and trajectories, economic drivers, and public policies (see HLPE,
2013a).
As production systems become more efficient, less feed is needed to produce a given unit of livestock
product, with positive effects on the environment. Consequential changes in stover production are
expected to occur, but vary widely from region to region. It is foreseen that large increases will occur
in Africa mostly as a result of productivity increases in maize, sorghum and millet. Yet it is expected
that stover production will stagnate in areas such as the ruminant-dense mixed systems of South Asia
(Herrero et al., 2009).

2.3.3 Evolution of crop–livestock linkages
Livestock can feed on a wide range of crop products, by-products, residues and roughage. Trends
towards industrial specialized livestock systems have increased the demand for crop product feed
and changed the interlinkages between crop and livestock production at farm and territorial levels.
Ruminants can graze on land that is generally unsuitable for growing arable crops but have a larger
overall area requirement, whereas monogastrics have a smaller overall area requirement but
indirectly require more cropland. This can potentially lead to land-use competition (food versus feed
production). The corollary to the expansion of cropland for providing increased quantities of affordable
food and feed are the associated harmful ecological, social and cultural consequences, such as
deforestation, reduced biodiversity, forced displacement of indigenous people and pastoralists from
their customary lands, loss of livelihoods, cultural decimation and related trans-generational trauma.
Other elements that form part of the localized crop–livestock nexus, particularly in developing
countries, include the contribution of livestock as draught animals, and as providers of manure, which
is an important source of plant nutrients in developing countries and in organic farming worldwide.
Animal draught power
According to FAO, the term “agricultural mechanization” generally refers to the application of tools,
implements and powered machinery as inputs to achieve agricultural production. In general, three
sources of power are used in agriculture: manual, animal and motorized (FAO, 2013b). If engine
power (electric or fossil fuel) tends to be more appropriate for large-scale farming and long-distance
transport, animal power is a renewable and affordable source of energy particularly suited for
smallholders, family farming and local transport.15 Animal power is accessible and sustainable in rural
areas with little dependence on external inputs. Many different species are employed, particularly
cattle, buffaloes, horses, mules, donkeys and camels (FAO, 2010).
The use of animal power in mixed farming systems can improve crop–livestock integration and
encourage sustainable farming practices. Draught animals can assist directly with crop production
(ploughing, planting and weeding), but also for transport of water, fuelwood, agricultural inputs or
products. Draught animals contribute directly to food production through milk, meat, manure and
offspring. They contribute to improved livelihood and strengthened resilience of smallholders mixed
farming systems through time saving,16 increased productivity, income growth and diversification.17
Women in many countries can particularly benefit from transport animals (FAO, 2010).

15

On the benefits of transport animal, please refer to FAO (2009b)
The rates of work achieved by work animals range can be 5 to 20 times greater than manual labour (FAO, 2013b).
17
See: http://teca.fao.org/read/7306 (accessed June 2016).
16
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Farm power systels are a major determinant of smallholders livelihoods (FAO, 2005). Although there
is unfortunately no updated global database on the relative importance of human, animal and engine
power, it is often said that a huge majority of farmers, particularly smallholders, still use only human
power. In the first years of this century, the number of tractors worldwide was estimated to be 28
million, and 450 million of agricultural workers had no access to engine or animal power (Mazoyer,
2002). In sub-Saharan Africa, human power is estimated to account for 65 percent of the power for
land preparation (FAO, 2006a) and between 50 and 80 percent of cropland is still cultivated manually
(FAO, 2013b).
In 1997/99, according to FAO, 25 percent of cropland was cultivated using animal power in subSaharan Africa, 35 percent in South Asia and 40 percent in East Asia (without China). By 2030, the
shares of human and animal power are expected to decrease in all regions, except in sub-Saharan
Africa, as they will be replaced by tractors. However, the sustainability of such tractor-based systems
will be highly dependent on farm size, profitability of agriculture and infrastructure allowing access to
fuel and maintenance. Where those conditions are not fulfilled, farmers could revert to human and
animal power (FAO, 2014b).
Manure
Prior to the 1950s, organic manures were almost the only sources of soil and plant nutrients in most
countries. Manure is not captured in FAO statistics but remains undoubtedly a major source of soil
fertility in many countries (FAO, 2014b). Potter et al. (2010) estimated that, in 2000, manure
accounted for about 60 percent of global nutrients. The proportion of manure used as fertilizer
depends on the dung collection efficiency and is difficult to estimate, but is probably less than 50
percent in most regions (FAO, 2003; Harsdorff, 2012). In some countries, manure can also be used
as a source of energy, through methanization.
Feed and food production
In 2010, about 34 percent of world production of cereals (2.2 billion tonnes) went to feed (FAOSTAT).
According to FAO (2012a), this proportion could reach nearly 50 percent by 2050. At the global level,
maize is the principal feed cereal, while wheat and especially rice are used only to a small degree as
animal feed. Oilseed cakes, a co-product in the production of vegetable oils, form a crucial protein
feed input for livestock. A large share of this market feed is traded internationally (Erb et al., 2012).
Most crop production is used to feed humans and animals (Figure 5), but in highly variable
proportions, depending on the region.
Figure 5
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Source: Paillard et al. (2011); updated figures in 2016 by B. Dorin.

In sub-Saharan Africa and Asia, over 70 percent of available plant food in 2003 was used to directly
feed humans, whereas this rate was only 35 percent in OECD countries, which for a long time have
devoted over 55 percent of available plant food to feeding animals. This share of plant calories used
for feed has been increasing since the early 1960s in Latin America (LAM), the Middle East and North
Africa (MENA), and Asia, where it now ranges between 20 percent and 40 percent. The share of plant
calories used neither for food nor feed (a category that includes biofuels), has increased in most
regions, especially since the 1990s. The growth is primarily in LAM and OECD countries, where nonfood or feed use of crops now accounts for over 5 percent of production (Paillard et al., 2011).
Herrero et al. (2015) place the livestock sector at the heart of agricultural development, showing the
importance and the multiplicity of crop-livestock linkages (Figure 6). Their analysis suggests, inter
alia, that livestock consume about 45 percent of global cropland products (on a dry matter basis), and
occupy about 80 percent of agricultural land.
Among the drivers and trends leading to the projected feed/food requirements in 2050, a number of
alternative scenarios, as to changes in human diets have been examined. Le Cotty and Dorin (2012)
have developed an empirical analysis on feed crop needs for livestock in 2050, based on three very
distinct diet scenarios (from no animal sourced foods in the human diet to a uniform extension of the
Western diet to all regions of the world). These scenarios are not meant to be plausible but to
generate values that can be used for foresight purposes. In one extreme scenario, if the world adopts
the average consumption of developed countries, the daily total use of food plant calories to feed
animals would need to increase by 50 percent at present and by 117 percent (i.e. more than double)
in 2050.
Within developing regions, almost 60 percent of total cereal use was consumed as food between
2012 and 2014, in contrast with the developed world, where food use accounted for only 10 percent of
total cereal use (OECD/FAO, 2015). Developing countries now account for 42 percent of the global
feed use of coarse grains, up from 30 percent ten years ago. They are expected to continue to
increase their share of consumption of coarse grains for feed, up to 56 percent by 2050, as their
livestock sector grows. In contrast, feed consumption in developed countries is not projected to
increase much (FAO, 2012a)
Over the last 50 years, the proportion of food use in soybean world domestic supply decreased from
17 percent in 1961 to 4 percent in 2010. In 2010, 6 percent of soybean global domestic supply is
directly used for feed and 85 percent is processed. Worldwide, the soybean cake is predominantly
(98 percent) used for livestock feed (FAOSTAT).
A point of interest is the increased trade flows of livestock feeds, particularly soybeans (Box 3).

Box 3

Trade flows of livestock feeds in China

Given China’s focus on becoming self-sufficient in food grains, it is foreseen that feed grain imports will
increase further, with China becoming the second largest importer of coarse grains with barley and
sorghum imports becoming larger than maize. China is the world’s largest import market for soybeans,
having seen a phenomenal expansion from just over 2 million tonnes of soy imports in 1990 to 65.5
million tonnes in 2013.18 Brazil is China’s largest supplier of soybeans, having overtaken the United
States of America in 2013 (OECD/FAO 2015). The majority of the soy imported by China is in the form
of whole soybeans, which are then processed by domestic soy crushers to produce meal, oil and other
soy products. China’s soybean tariffs encourage this trend and protect the domestic value-added
crushing process by applying a 3 percent tariff on whole soybean imports, 9 percent on soybean oil, 5
percent on soybean meal and 9 percent on soybean flour. As a consequence, China is now a net
exporter of soy meal.

18
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See http://faostat3.fao.org/browse/T/TP/E. Accessed June 2016

Figure 6

Land-use and major flows of biomass and its derivatives in the global food and
agriculture system (circa 2000)
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2.3.4 Complexification and growing concentration in food systems
Agro-food industries produce, sell and promote products responding to market incentives (in particular
relative prices), consumer behaviour, policy signals (such as taxes and subsidies) and regulations.
Currently, incentives in general tend to favour:

•

selection of varieties for high and consistent yield rather than nutrition or health properties;

•

production of poultry and pig meat and milk from intensive farms relying on purchased feed;

•

processing that increases shelf-life, reduces food preparation time and still tastes palatable, which
often entails increased fat, sugar and salt content, although in some regions the industry has
responded to criticism by marketing foods with lower fat, lower sugar, and, more recently, lower
salt content as well; and

•

vigorous marketing especially to children, which can contribute to overconsumption and increased
consumption of less healthy foods.
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The food supply chain, which encompasses all those activities that lie between on-farm production
and the point of consumption, has experienced fundamental changes during the last two decades. It
has become more globalized and marked by upward trends in scale of production and economic
concentration. Farmers are increasingly confronted with substantial concentration, as a small number
of large, often multinational, firms have come to dominate the retail, distribution and the input side of
the agri-food chain. This concentration has raised concerns about the risk of abuse of dominant
market positions and unfair trading practices.
Concentration in virtually all sectors of the food and agriculture industry has been documented
(Hendrickson, 2014; Wise and Trist, 2010; GIPSA, 2011; James et al., 2012). Four agribusiness firms
undertake 75–90 percent of the global grain trade (Murphy et al., 2012). For example, in the United
States of America, in 1967 the four largest firms controlled one-quarter of the non-poultry animal
slaughtering industry. By 2007 the top four controlled more than 50 percent of the market. In 1990,
the top four firms in the pork packing industry controlled 40 percent of the market; by 2010 the four
firm concentration ratio had increased to 67 percent (James et al., 2012; GIPSA, 2011; Wise and
Trist, 2010). For steers and heifers, the corresponding figure in 2010 was 85 percent (marginally up
from 81 percent in 1996, but considerably up from 36 percent in 1982). The level of concentration in
the EU food processing sectors has also been an on-going concern (Fischer and Hartmann, 2010). In
meat production, however, concentration levels are significantly lower than in North America (the top
15 companies account for 28 percent of EU meat production [Brown, 2012]) and the firms are not
present outside the EU, unlike the major firms in North America (and increasingly in China and Brazil
as well). Concentration is nonetheless growing rapidly (Brown, 2012).
Three-quarters of food sales in most industrialized countries are now channelled through
supermarkets. The role of supermarkets is rapidly increasing in developing countries. FAO (2015b)
notes that the proliferation of supermarkets in developing countries is driven by multiple factors,
including: trade, urbanization, increases in incomes, changes in lifestyles and women’s participation in
the labour force, liberalization of foreign direct investment, increasing use of refrigerators and other
domestic appliances, and changes in information technology that facilitate better organization of
supply chains.
Despite rapid growth, supermarket expansion in most developing regions is still lower than the
development in richer countries. In Latin America, grocery sales through supermarkets are still less
than 50 percent of total grocery sales, in comparison with figures above 70–80 percent in Western
Europe and the USA. Only in Chile, are more than half of the grocery sales made through
supermarkets (65 percent), while the average of the Latin American countries is 43 percent (OECD,
2015). Modern retail, essentially supermarket chains, hold on average about a 10 percent market
share of overall food in Eastern and Southern Africa (Tschirley et al., 2013). In India, supermarkets
shares are currently very low (around 2 percent) and supermarkets food sales would have to grow at
an annual rate of 20 percent for 20 years to reach just 20 percent of market share (Tschirley, 2007;
Tschirley et al., 2010). This suggests traditional retail outlets are likely to dominate in some
developing countries for the near future.
Consumers in developed and developing countries have benefited from the lower prices and the
larger variety of products on offer at which supermarkets excel. These are benefits of the economies
of scale that supermarkets with a large market share can offer consumers. Moreover, the increased
competition that supermarkets bring has increased the pressure on producers to supply higher-quality
goods at lower prices.
Changes in the retail sector may therefore have mixed or negative effects on farmers. Although the
supermarkets offer new and possibly larger markets for their production, the investments and
organizational adjustments to meet volume, cost, timeliness, quality and consistency standards may
be challenging for many farmers and processing firms, particularly small ones.
From the governance perspective, according to Lang and Barling (2012), the locus of power and
decision-making has moved steadily away from farmers to retailers and traders, and from the state to
the private sector, whose power within the food supply chain and intergovernmental policy regime is
growing.
This introduces a shift in the control of food systems. The state, or government, is no longer as
dominant. Corporations now have an overarching influence in the industry. The governance of food
supply chains has consequently become more complex and multiscalar, involving many public,
private and civil society actors (Lang et al., 2009).
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At the same time, advances in improved infrastructure and integration of markets in many developing
countries (Rashid et al., 2008) have increased with urbanization. Important structural modifications in
the processing and marketing of food products linked to the expansion of supermarkets, even in poor
urban and rural areas (Reardon and Timmer, 2012), have contributed to the diversification of
consumption and a decline in the percentage of calories and proteins associated with traditional
staple crops, although these are still dominant in country’s food security stocks.

2.4 Projections and scenarios for agricultural development,
focusing on livestock supply and demand
Although there are few certainties when forecasting, informed analysis provides a valuable
assessment of likely levels of consumption and production. A broadly accepted expectation of future
requirements can provide for an informed debate and help determine the challenges and potential
pathways/responses for SAD. The best known, and most widely quoted, of the various agricultural
projections are those of Alexandratos and Bruinsma in World agriculture towards 2030/2050: the 2012
revision (FAO, 2012a), which is used as a baseline for this section. They are supplemented with
analysis from other sources.

2.4.1 FAO projections
As mentioned in Chapter 1, FAO (2012a) projects that, in response to the growth in global population
and incomes, a continuation of recent trends implies global agricultural production in 2050 will need to
be 60 percent higher than in 2005–2007 in volume. Upon disaggregation, FAO’s broad projection
reveals some interesting regional, country or commodity particularities.
This 60 percent increase in world production volume would come mainly from an increase in crop
yields (80 percent of the production increase at the world level), some increase in cropping intensity
(the number of cropping seasons per year) (10 percent of the total increase) and limited land
expansion (the remaining 10 percent). It is worth noting that within the overall 60 percent increase in
agricultural production, livestock's contribution to the total will rise slightly from its current 36 percent
of gross agricultural value to 39 percent in 2050. This reflects a projected increase in meat production
by 76 percent, from 258 million tonnes in 2005–2007 to 455 million tonnes in 2050, most of which will
occur in developing countries.
FAO projections foresee global milk production rising between 2005–2007 and 2050 at an annual
growth rate of 1.1 percent. This rate will be greater in developing countries (1.8 percent per annum)
than in developed countries (0.3 percent per annum). Given the still low consumption levels in
developing countries, this provides scope for nutritional gains.
Alexandratos and Bruinsma’s analysis (FAO, 2012a) includes population growth, income growth,
urbanization and changing diets as drivers of the projected production requirement in 2050. Their
analysis cautiously suggests that there are sufficient global resources available to satisfy the resulting
anticipated additional demand. This result suggested at the global level is, obviously, not equivalent to
saying that food insecurity will be eliminated, which also depends on the distribution of incomes.
Moreover, this conclusion assumes that the necessary investments are undertaken, and appropriate
incentives and policies are put in place but does not examine the environmental or social impacts of
the implied production increase. Their findings might also be questioned by:

•

the possibility of greater than expected population growth: the latest UN (UNDESA, 2015)
estimation of the world population in 2050 (9.7 billion people) is greater than the 2008 estimation
(9.15 billion people) used by FAO (2012a);

•

the effects of climate change on production (particularly in developing countries), which were not
explicitly modelled in the projections; and

•

the possibility of greater than assumed use of crops in biofuel production and novel biomaterials.

Concerning biofuels, there are uncertainties both in energy markets and in biofuel policies (mandates
and subsidies) and Alexandratos and Bruinsma opt for the OECD-FAO Outlook figures up to 2020
(see Box 4) after which they assume no change in quantities.
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Box 4

Biofuels

In the period from 2001 to 2014, world biofuel production increased six times to nearly 130 billion litres
(HLPE, 2013b).
A pertinent question is whether such high growth (from a small base) will continue, and under what
circumstances. Particularly within the developed world, the emergence of biofuel and other industrial
uses was an important driver of rising demand for cereals over the past decade. The use of coarse
grains (predominantly maize) for biofuels almost tripled from 2004 to 2014, with almost 40 percent of
additional coarse grains consumed over the past decade processed for biofuels. Over the OECD–FAO
2015–2024 Outlook period, however, the significantly lower crude oil prices projected result in biofuel
demand staying closely tied to the policies mandating their use because the market conditions do not
favour their use (OECD/FAO, 2015). The International Energy Agency (IEA) forecasts global biofuel
production of 139 billion litres in 2020 (OECD/IEA, 2014). Although the first commercial advanced
biofuel plants (using ligno-cellulose as feedstock) opened in 2014 in the United States of America,
food-crop based feedstocks are expected to continue to dominate ethanol and biodiesel production
over the coming decade, with the inherent competition for land, water and crops that have alternative
uses directly as food and as feedstuffs for livestock production.
However, biofuel production creates valuable by-products, such as distillers’ dried grains (DDGs) and
oilseed meals that can be used as animal feed and can substitute for grain in animal rations. Dairy and
beef producers traditionally use DDGs in their feed rations, as it is well digested.

2.4.2 Other projections and scenarios
FAO’s definition of food and nutrition security covering its four dimensions (availability, access,
utilization and stability) was agreed at the 1996 World Food Summit. However, there is no global
scenario study dealing with these four dimensions of food security. Most studies deal with availability,
sometimes with access and stability analysed as co-products of availability (e.g. increased availability
contributing to decreased food prices and thus improved economic access to food and contributing to
less volatile prices). The utilization dimension is rarely dealt with in the global scenarios except
through the consideration of dietary adjustments that could contribute to reducing the prevalence of
non-communicable diseases associated with overconsumption (obesity, diabetes and cardiovascular
diseases, for instance).
Several recent scenario studies (e.g. Reilly and Willenbockel, 2010; van Dijk, 2012; Wise, 2013; von
Lampe et al., 2014; van Dijk and Meijerink, 2014; Foresight, 2011) focus, at least partially, on global
food security. Reilly and Willenbockel (2010) propose a typology of scenarios, which is a useful way
to classify studies.
They distinguish three types of scenarios:
1. “Projections”, which are usually used either to estimate the future of a system under “business
as usual” assumptions (baseline projections) or to assess the reaction of a given system to a
set of “what if” assumptions (what if projections).
2. “Exploratory scenarios”, which are designed to explore possible futures, allowing for changes in
the structure of the system and boundary conditions.
3. “Normative scenarios”, which are designed to support vision building and develop narratives for
the agri-food system to meet specific targets.19
Of the exploratory scenario studies, the Millennium Ecosystem Assessment (MEA) is probably the
most well known (Carpenter et al., 2005). The MEA was undertaken by an international network of
scientists and other experts, under the auspices of the United Nations, with a procedure modelled on
the Intergovernmental Panel on Climate Change (IPCC). The objective was to “assess the
consequences of ecosystem changes for human well-being and the scientific basis for action needed
to enhance the conservation and sustainable use of those systems and their contributions to human
well-being”. The MEA proposes four exploratory scenarios developed along two axes: one describing
global governance for international cooperation and trade (globalized versus regionalized), the other
covering attitudes towards ecosystem management (pro-active versus reactive). Among the four
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For further comments on the difference between normative and exploratory scenarios, see Iversen (2006).

scenarios, global orchestration (globalized, reactive ecosystem management) was the reference
scenario in the Agrimonde study.
The Agrimonde foresight study is a normative scenario exercise that was undertaken by two French
agricultural research institutes, INRA and CIRAD (Paillard et al., 2011). It focuses on feeding the
world in 2050. It considers two scenarios: a baseline scenario (“business as usual”), which relies
closely on the “global orchestration” scenario from the MEA foresight study, and a normative scenario
involving less food consumption inequalities and more sustainable agricultural production across the
world, implying breaks in both diets and agricultural yield trends. The assumption of uniform diet
worldwide up to 2050, resulted in projections of reduced consumption of animal products in developed
countries and increased consumption in developing countries, and stagnant or only slowly increasing
agricultural yields in most regions in the world.
From the “what if” projection scenarios, the International Assessment of Agricultural Knowledge,
Science and Technology for Development (IAASTD) study, Agriculture at a crossroads (IAASTD,
2009), is probably one of the most well known. The IAASTD study was the result of an international
effort initiated by the World Bank and FAO with the objective of assessing the impacts of agricultural
knowledge, science and technology (AKST) on food security and sustainable development. The
IAASTD was relatively close to the MEA regarding the process and method used. But both exercises
differed as regards the type of scenarios they proposed: the IAASTD did not propose global
exploratory scenarios as in the MEA study, but a baseline projection and a set of “what if” projection
scenarios. In the baseline projection, current trends were projected to 2050. The baseline and the
variant scenarios were simulated with a wide set of quantitative models, in particular using the
IMPACT model designed by IFPRI.
Another “what if” study, Eating the planet (Erb et al., 2009) is of special interest for the present report
since it explores the consequences of combinations of various assumptions on four aspects of
agricultural and food systems. First, land-use change: massive change, or business as usual; second,
yields: intensive, intermediate, or relying on organic production; third, on diets: “Western high meat”,
current trends, less meat, or far less meat (which reduces the assumed share of protein from animal
sources to 20 percent instead of 30 percent); and, fourth, on different livestock systems: intensive,
humane or organic. It analyses the interrelationships and possible trade-offs among the resulting 72
possible scenarios, the feasibility of which is tested through a biomass balance model.
The “Western high meat” scenario is defined in Eating the planet as: high calorie intake (3 171
kcal/cap/day), rich in animal protein (44 percent of protein intake) assuming economic growth beyond
the current trends, and a globalization of the Western trend towards high consumption of animal
products. The feasibility analysis reveals that the “Western high meat” would require a combination of
massive land-use change, intensive livestock production systems and more intensive use of existing
arable land (reaching intensive crop yields as defined by FAO as crop yields forecasted to grow by 54
percent on average and cropland area by 9 percent by 2050).
It is interesting to note that, more generally, the feasibility analysis in this study indicates that the
additional costs of humane and organic livestock rearing systems, in terms of feeding efficiency and
demand for additional area, seem to be relatively low. Differences in the livestock systems assumed
in the scenarios play only a minor role in determining whether a scenario was feasible or not.
However, the study also shows that the data uncertainties and the current limited scientific
understanding of the feeding efficiency of humane farming systems demonstrate the need for better
data to enable more robust conclusions to be drawn on that issue.

2.5 Concluding comments
Population growth has been the main driver in agriculture and food systems during the twentieth
century, but its relative weight is declining, relative to other drivers such as increasing per capita
incomes, urbanization and changing dietary preferences. If the current trends towards westernization
of diets continue, the demand for animal-source foods will increase strongly in the coming decades
with significant implications for more resource use worldwide, unless moderated by advances in and
adoption of resource efficiency raising technologies.
Livestock production is currently and will be central to developments in food systems. Much of the
increased crop output required over the period to 2050 will be in the form of feedstuffs for livestock as
consumers seek to enrich their diets based on increased purchasing power, mainly in developing
countries.
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This increase in ASF demand can affect FSN positively in many ways: first, by providing opportunities
for increasing the incomes of smallholders; and second, by facilitating the correction of nutrient
deficiencies and addressing under nutrition. However, it also raises considerable challenges.
Sustainability challenges and the possible contributions to FSN are quite different for each livestock
production system. This makes it more difficult but also opens important possibilities to identify
pathways to achieve sustainable livestock systems in contributing to FSN.
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3 SUSTAINABILITY CHALLENGES FOR LIVESTOCK IN
AGRICULTURAL DEVELOPMENT
The overarching goal for sustainable agricultural development (SAD) is to ensure food security and
nutrition (FSN) for all now and in the future, in the context of climate change and increasing scarcity of
natural resources. The growing and rapidly evolving demand for food, and particularly ASF, creates
huge opportunities for agricultural development, including livestock. However, the expected growth in
production to meet this demand will also raise challenges if agricultural development is to become
more sustainable.
This chapter focuses on the challenges for SAD and looks at both the cross-cutting challenges that
affect all livestock production, and the more specific challenges faced by different livestock systems,
using the typology outlined in Chapter 1: smallholder mixed farming, pastoral, commercial grazing,
and intensive livestock systems. The challenges are further disaggregated according to whether they
are mainly environmental, economic or social. In order to facilitate the design of system specific
pathways to SAD, addressing all the challenges faced by each farming system, challenges that have
more importance or are more visible in a specific system are considered within this system, which
does not mean that they are irrelevant in other systems.

3.1 Cross-cutting global challenges
3.1.1 Environmental challenges
Many studies have identified livestock as a key area for action in efforts to reduce stresses on natural
resources (in particular land and freshwater), as well as to reduce GHG emissions and adapt to
climate change (Foresight, 2011; FAO, 2006b).
Resource efficiency of livestock production systems:
There are numerous claims that in terms of calories harvested per hectare the resource efficiency of
ASF is much lower than that of edible plants. In a forthcoming paper, Mottet et al. (in press) analyse
global feed rations and feed conversion efficiencies. One of their salient findings that challenges the
assumption that ASF rely on an inefficient use of plants is that 75 percent of global livestock’s dry
matter feed intake consists of products such as leaves, grass, fodder crops, crop residues and swill
that are non-edible to humans. Grains represent just 12 percent of global animal feed, with an
additional 9 percent derived from by-products that can be considered edible to some extent.
The Mottet et al. (in press) analysis reports that to produce 1 kg of animal-source protein requires an
average of 8.8 kg of protein feed (17.3 kg for ruminants and 7.4 kg for monogastrics). However, when
accounting for the source of animal feed (whether human-edible or non-human-edible feed), the
requirement for human-edible protein feed in animal rations is lower for ruminants than for
monogastrics, as the typical ruminant eats plants that humans cannot.
Reflected within these figures are considerable variations by production system and by level of
productivity, which permit scope for overall efficiency improvements if appropriate technical and
management improvements are implemented.
Likewise, the carbon footprint of ASF per gram is higher than in crop-based foods and the reduction in
ASF consumption is often recommended as a measure to mitigate climate change. However, this
recommendation does not take into account the higher micronutrient levels and better protein quality
found in ASF (linked to ASF’s higher nutrient density), or the fact that livestock, in particular
ruminants, consume feed that is non-edible by humans (in particular, grass) and recycled waste. It is
true that improvements in the feed conversion efficiency component of livestock production will be
important to meet global environmental challenges (Revell, 2015).
Improving the efficiency of livestock production systems would, in turn, require addressing a range of
associated challenges and, for instance, to reduce animal mortality rates, which are still very high in
some developing countries (see Figure 7 and Section 3.1.4). The most obvious and important way to
do this will be to improve farmers’ access to veterinary and extension services.
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Figure 7

Mortality rate of calves (%)

Percentage

Source: FAO (2016a), GLEAM, http://www.fao.org/gleam/resources/en/

Sustainable management of natural resources:
Keeping production systems within critical planetary limits: Agricultural ecosystems provide
humans with food, animal feed, fuel and other material and non-material goods and services essential
to collective and individual well-being. Production relies on ecosystem services including pollination,
biological pest control, the maintenance of soil structure and fertility, and nutrient and water cycling
(Power, 2010). One major assessment identified 24 such ecosystem services, approximately 60
percent of which are being degraded at an unsustainable rate (MEA, 2005). This degradation is
putting the resource base of future agricultural production at risk (Steffen et al., 2015). Livestock
production, particularly when concentrated in a small geographical area, can have significant negative
effects on the associated ecosystems, ranging from pressure on water availability and quality, to
eutrophication and acidification, to land degradation, reduced air quality, increased GHG emissions,
biodiversity loss, and a reduction of genetic diversity. Agricultural production is the largest cause of
human alteration of the global nitrogen, phosphorus and carbon cycles, and in some regions livestock
is the major agricultural contributor to this disruption. (Leip et al., 2015).
Pressure on land-use: Livestock is the world’s largest user of land resources (see Chapter 2). As
such, the livestock sector is a major driver of deforestation and other changes in land use. In
particular, livestock expansion is the main reason that previously uncultivated land is brought into
production, which some analysts believe is a process that has reached critical limits (Steffen et al.,
2015). According to several authors, extensive cattle raising in the Amazon region accounts for 65–80
percent of the deforestation in the region (this represents a rate of forest loss of 18–24 million
ha/year) (Herrero et al., 2009). Up to 600 000 ha/year are reported to be cleared for feed crop
production for pigs, poultry and dairy (UNEP, 2007; Thornton and Herrero, 2010). Deforestation has
also occurred in Southeast Asia and Central and West Africa, some of which has directly or indirectly
been driven by livestock production (Thornton, 2010).
Pressure on water use and quality: The water footprint of livestock products (per calorie produced)
is much higher than for crops. When the nutritional value of protein is considered, however, no plant
protein is significantly more efficient at using water than the protein produced from eggs, and only
soybean is more water-efficient than milk, or goat and chicken meat (Mekonnen and Hoekstra, 2012;
Schlink et al., 2010). Water quality is an issue mainly linked with intensive livestock systems: animal
products from industrial, feed-based systems are generally more water-intensive and generally
consume and pollute more ground- and surface water resources than animal products from grazing or
mixed systems (Mekonnen and Hoekstra, 2012).
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On average, almost one-third of the total water used in agriculture is used by the livestock sector:
feed from cropland uses 37 percent of the water used for crop production; biomass grazed by
livestock represents 32 percent of the evapotranspiration from grazed lands; while direct consumption
for livestock drinking represents less than 10 percent of total water use (Herrero et al., 2012). There
are, however, considerable regional differences in livestock’s share of water use (HLPE, 2015); for
example, in the United States of America, livestock uses less than 1 percent of total freshwater use,
whereas in Botswana livestock accounts for 23 percent (FAO, 2006c). In any case, water scarcity is
not an issue in many temperate countries, which leaves space for the sector to develop. However,
increasing livestock production in the future will add to the overall demand for water, particularly in the
production of livestock feed.
Significant land degradation is a major challenge for SAD. Livestock production drives the
transformation of natural ecosystems into pastureland, and from pastureland to other agricultural
uses, such as feed crop production. Livestock production is also too often accompanied by significant
land degradation, by soil erosion, drought, salinization, waterlogging and desertification (UNEMG,
2011). Land degradation affects more than 20 percent of all cultivated land and touches all types of
farming systems. Globally, some 20 000–50 000 km2 of potentially productive lands are lost annually
through soil erosion and degradation, and 2.9 million km2 are considered at very high risk of
desertification, most of those areas being in developing countries (UNEP, 2007).20 An estimated 20
percent of the world’s pastures and rangeland have been degraded to some extent, and the
proportion may be as high as 73 percent in dry areas (FAO, 2006b). Projections indicate that less
water may be available and more droughts and other extreme weather events may occur in coming
decades, exacerbating the loss of agricultural land. If current trends in increasing population density
continue, then by 2030 urban land cover will increase by 1.2 million km2, nearly triple the global urban
land area in 2000. Most of this urban growth is concentrated in a few areas of Asia and Africa (Seto et
al., 2012). This expansion will increase pressure on productive agricultural land and on a number of
biodiversity hotspots.
Many of the natural grassland ecosystems around the world suffer from overgrazing and degraded
vegetation (Carvalho et al., 2011). Dryland ecosystems, in particular, are extremely vulnerable to
overexploitation and inappropriate land use. Grassland degradation, often accompanied by soil
degradation and erosion, reduces the productive and ecological contribution of grasslands (Zhang,
1995). Such degradation leads to a decline in biological diversity (Wu, 2008), reduced grass and
animal production from pasture, a deterioration of human living environments, soil erosion (Zhang,
1995), and the displacement of biodiversity-rich mixed farming systems. Land degradation contributes
to reduced FSN over the long term.
Biodiversity loss: Biodiversity underpins the ecosystem services that supply benefits to agriculture
and people. The principal causes of biodiversity loss are habitat degradation, overexploitation, alien
invasive species and climate change. Agriculture is the single most important threat to vertebrate
diversity (MEA, 2005). While biodiversity loss and land degradation are global phenomena, they are
now most pronounced in the tropics and subtropics. Africa, followed by Latin America and the
Caribbean, has experienced the highest biodiversity losses as a result of major land-use changes
(especially in increases in pastureland and biofuel production) combined with increasing land
degradation (UNEP, 2007).
Climate change
Climate change is a major challenge for agriculture and for food security (FAO, 2016b). Its impacts
can differ widely among latitudes, regions, countries and agro-ecological zones. Most poor livestock
keepers live in Africa and South Asia – regions especially vulnerable to climate change. Drylands in
Africa and the Middle East may be severely affected by climate change, with significant impacts on
the availability of water and forage resources (IPCC, 2014) and on the evolution of transhumance
routes. Therefore, pastoralists and smallholders in these areas will be highly vulnerable to climate
change and to the conflicts it is likely to trigger. Commercial grazing is also vulnerable to climate
change. There is evidence that development of agriculture combined with climatic warming patterns
have pushed the grassland agro-ecosystem in the Great Plains of North America and Queensland,
Australia, into a more fragile status (Dong et al., 2011).
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See: http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/use/?cid=nrcs142p2_054028 (accessed June 2016)
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Box 5

Global climate change, food supply and livestock production systems: A
bioeconomic analysis

In their assessment, Havlík et al. (2015) not only account for changes in crop yields but also for
changes in grass productivity and feed rations. They also consider different systems and environments:
grass-based (arid, humid, temperate/highlands), mixed crop–livestock (arid, humid,
temperate/highlands), urban and other, for ruminants; and, smallholder and industrial production for
monogastrics. Feed rations are defined as consisting of grass, stover, feed crops aggregates and other
feedstuff. Outputs include products, as well as environmental factors (manure production, nitrogen
excretion and GHG emissions).
From an initial distribution of livestock across the different systems, the projections that have been
modelled show that:

• Climate change impacts on crop and grass yields are projected to have only a small effect on
global milk and meat production by 2050, which remains under any climate scenario within +/-2
percent of the projected production without climate change.
• Effects can be more pronounced at regional level. In sub-Saharan Africa, effects are both the most
uncertain and potentially the most severe; for example, ruminant meat production could increase by
20 percent or it could decrease by 17 percent.
• Effects on regional consumption are less pronounced because the impacts are buffered through
international trade. Virtually all the negative effects are smaller than 10 percent.
• Adjustment in the structure of production systems will be key to adaptation. Grass yields benefit
more (or are hurt less) from climate change than crop yields. Climate change would hence favour
grazing systems, leading potentially to a change in the current trend towards more intensive
systems.
• Optimal adaptation strategies (such as switching among production systems, feedstuff substitution,
intensification or extensification) can be very diverse and heavily depend on the underlying climate
change scenario, complexifying the search for robust strategies that are effective under many
different future climate scenarios.

Climate change affects livestock systems in many ways, through: adversely affecting the quality and
quantity of feed; exposing livestock to heat stress and extreme events (such as, severe winters in
Mongolia, El Niño-associated flooding in east Africa, and droughts in southern Africa); reducing water
available for livestock; and modifying the distribution of livestock pests and diseases (Thornton et al.,
2009). These include many diseases that are transmitted by insects or that have a life stage outside
the animal host (Grace et al., 2015). Among the livestock diseases that most affect poor communities,
more than half could be spread farther and faster by climate changes (Grace et al., 2015).
Climate-associated changes are complex and difficult to predict. Some changes may be beneficial to
livestock production (for example, growth in carbon dioxide concentration will increase pasture
productivity; reduce some heat-sensitive diseases; and, produce indirect effects on livestock from
changes in feed-crop productivity). However, the consensus is that the likely negative effects of
climate change may outweigh the positive and create an increasingly difficult environment for
livestock production in most systems (Thornton et al., 2015), and livestock systems will all need to
adapt to climate change. A recent study by Havlík et al. (2015) provides a detailed global assessment
of climate change impacts on the livestock sector (see Box 5).
Reduction of GHG emissions
With emissions estimated at 7.1 gigatonnes CO2-equivalent per annum, when including all direct and
indirect emissions through a life cycle analysis, representing 14.5 percent of human-induced GHG
emissions (FAO, 2013a), the livestock sector plays an important role in climate change. Livestock, in
particular grass-fed ruminants, account for significant emissions of methane, a particularly potent
GHG. Emission intensity varies among species, by product and according to the system of
production. In general, the higher the level of productivity (output per unit of input) the lower the
emissions per unit of product (FAO, 2010). Numerous studies have shown that, in general, ASF from
animals reared in more intensive and specialized systems have a relatively lower carbon footprint per
animal than those in extensive systems, and dairy products, eggs and meat from monogastrics have
a lower footprint than meat from ruminants (Garnett et al., 2015). Ruminant systems operating at low
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productivity in Africa, South Asia, Latin America and the Caribbean are major contributors to GHG
emissions (FAO, 2013a). In developing countries, industrial systems are less GHG intensive, and
these are followed by mixed crop–livestock systems and by grazing systems (Herrero et al., 2012).
However, extensive pigmeat and poultry systems have generally low GHG emissions per unit of
output (FAO, 2013a).
Feed production and processing, and enteric fermentation from ruminants, are the two main sources
of emissions, representing 45 and 39 percent of sector emissions, respectively. Manure storage and
processing represent 10 percent, with the remaining 6 percent attributed to the processing and
transportation of animal products. These emissions could be reduced by between 18 and 30 percent if
producers in a given system, region and climate adopted the practices currently applied by the 10 to
25 percent of producers with the lowest emissions intensity in the system considered (FAO, 2013a).
The challenges are to develop breeding (genetics) and feeding regimes to achieve a lower level of
GHGs per animal, and reduce deforestation (to increase soil carbon and biomass) while maintaining
livestock production, and increasing resource efficiency and resilience, thus addressing at the same
time the need for adaptation and contributing to mitigation.

3.1.2 Economic challenges
Markets: Well-functioning markets are important for SAD and FSN. Price signals are crucial though
they play out in sometimes complicated ways. For example, the recent period of higher crop prices
benefited many producers and triggered an increase in agricultural investment in most regions. But
higher and more volatile prices were hard on livestock producers that depend on purchased feed, in
particular the pig and poultry sectors. Higher food prices for consumers can be negative for FSN in
the short run, in particular for low-income rural people, many of whom are net food buyers, and the
urban poor. In the longer run, however, higher prices can bring important benefits to rural economies,
including higher average levels of purchasing power.
Markets do not always give the price signals that lead to SAD and improved FSN status. There are
three main reasons for this. First, markets are imperfect and sometimes non-competitive as a result of
information gaps, poorly defined or enforced property rights and regulations, and because some
livestock farmers, particularly smallholders, are not connected to supply chains or lack bargaining
power in the markets they do access. Second, the social and environmental externalities (both
positive and negative) of agricultural production and food consumption, as well as the natural
resources used in production, are either not priced or under priced and therefore marginalized or
ignored in farmers’ decision-making. Third, some government policies distort price signals through
poorly designed subsidies, and trade, investment and tax policies (OECD, 2005; 2012).
The time lag in agriculture – and in particular in the livestock sector – between prices, investment and
production responses is a factor that makes many farmers risk-averse, sometimes leading to resource
use that is suboptimal from a long-term sustainable development and FSN perspective. Together with
the unpredictability of weather, the time-lag is also a cause of the price volatility commonly observed
in agriculture.
While large or rich farms can often hedge against volatile prices, using financial resources to cushion
a downturn in prices or entering into long-term contracts with food processors to reduce risk, smallscale farmers do not have the means to hedge their risks, unless they are part of a larger collective,
whether voluntary or organized by the state. The vulnerability of poor farmers and consumers to price
levels and price volatility has been extensively discussed with respect to agricultural development and
FSN objectives (HLPE, 2011a; 2013b).
Trade-related risks: As shown in Chapter 2, international trade in feed and livestock products is
growing, which brings new opportunities and challenges. The challenges include competition from
subsidized imports, the failure of states to equitably redistribute the gains from trade in the economy
(Rodrik, 2015), the risk of spreading emerging or reviving diseases (Thow, 2009; Grace et al., 2012),
and the difficulty of conforming to a range of sanitary and phytosanitary standards, both private and
governmental.
Lack of agreement over deepening international trade integration: Rules governing international
trade of agricultural products have evolved considerably over the last four decades, in particular with
the conclusion of the Uruguay Round of negotiations under the auspices of the General Agreement
on Tariffs and Trade in 1994. The Uruguay Round launched the World Trade Organization (WTO) and
created, for the first time, dedicated international trade rules for agriculture. Trade rules and policies
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can affect FSN positively or negatively and there is little consensus on how trade rules should be
adapted to support FSN objectives (FAO, 2015b).
Constraints due to small-scale farm size: Average farm size has fallen in most low- and middleincome countries, where the majority of smallholders live (FAO, 2014c). This can be a significant
constraint on providing sustainable livelihoods for smallholders and their families. Although it does not
necessarily demonstrate that small-scale farms have low productive efficiency, smallholders do face
significant challenges when competing with heavily capitalized farms, which in many countries access
public subsidies and many of whose costs are externalized through poor regulation of labour
conditions and the environment (Quan, 2011).
Low levels of investment in agriculture research and development (R&D): Public investment in
agriculture had been stagnant for some time, with subsidies claiming the larger share of public
expenditures on agriculture in many countries (IBRD/World Bank, 2007). Private investment remains
concentrated in a handful of developed and emerging countries. Overall investment in R&D of new
technologies and their adaptation to smallholder farmers remains inadequate.
Corporate concentration in the livestock sector: Nearly all the predicted growth in livestock
production is expected to occur in developing countries, where food systems tend to be
heterogeneous and fragmented, with large numbers of actors, many of them small-scale and with little
by way of formal organization. In China, for example, food production is said to be dominated by
“elephants and mice”; in other words, there are a few large companies with incentives to evade or
exercise influence over regulation while the great majority of the rest are in the informal sector and
thus are difficult to monitor and are poorly regulated (Alcorn and Ouyang, 2012). As discussed in
Chapter 2, there are concerns related to growing concentration all along the agri-food supply chain,
from artificial insemination and the provision of young chicks to contract farmers, of phytosanitary and
veterinary products, to food processing, distribution and retail networks. Livestock farmers are often
dependent on a few suppliers for their inputs and a few buyers for their production. The challenge is
primarily that the gains from production are increasingly concentrated in the hands of the dominant
economic actors, reducing farmer and farm worker income. Other problems arise linked to the narrow
profit margins on farm, from neglect of investment in future production and inability to address
externalities, for example with strong environmental management. To some extent farmer
cooperatives can rebalance the relatively weaker bargaining position of farmers – such cooperatives
have been especially successful in the dairy sector, whereas in some livestock sectors the effects
appear to be mixed.21 However, concentrated corporate control over different links of the livestock
value chains raises challenges for sustainability in particular in the more intensive production
systems.

3.1.3 Social challenges
Providing security and satisfactory working conditions.
Agriculture and food processing are among the sectors that employ the largest share of low-income
people. Forty percent of the agricultural workforce is waged, working on someone else’s land or with
someone else’s animals (ILO/FAO/IUF, 2007). The work is physically demanding and repetitive.
Although new technologies have reduced the physical strength required for the work, new risks have
been introduced and safety measures, information and training are too often lacking. The number of
fatal and serious accidents and illness among agricultural workers is high, yet they often have access
to inadequate or no social safety nets, even in developed countries (ILO/FAO/IUF, 2007).
According to the International Union of Food, Agricultural, Hotel, Restaurant, Catering, Tobacco and
Allied Workers’ Associations (IUF)22, occupational health and safety issues are by no means confined
to the Global South. For instance, in the United States of America, there are detailed studies showing
that agricultural and food industry workers are among the most disadvantaged groups in the country,
with lower than average educational status, greater than average likelihood of being migrants, and
more likely than average to speak English as a second language23 (Maloney and Grusenmeyer,
2005). Some studies focus on the situation of workers in meat and poultry industry, which is
considered particularly difficult (see Box 6).
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See for instance: http://www.fao.org/docrep/T3080T/t3080T0a.htm; http://ec.europa.eu/agriculture/externalstudies/2012/support-farmers-coop/leaflet_en.pdf; (accessed June 2016).
22
See : http://www.iuf.org (accessed June 2016)
23
See: http://www.ers.usda.gov/topics/farm-economy/farm-labor/background.aspx (accessed June 2016).
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Box 6

Occupational health in the meat and poultry industry in the United States of
America

According to the US Bureau of Labor Statistics (BLS), although the majority of workers in the US meat
and poultry industry are citizens, an estimated 26 percent of them are foreign-born non-citizens. They
work in hazardous conditions involving loud noise, sharp tools and dangerous machinery. Many
workers must stand for long periods of time wielding knives and hooks to slaughter or process meat on
a production line that moves very quickly. Workers responsible for cleaning the plant must use strong
chemicals and hot pressurized water. While, according to BLS, injuries and illnesses have declined
over the past decade, the meat and poultry industry still has one of the highest rates of injury and
illness of any industry in the country (US GAO, 2005). An estimated 71 percent of US poultry growers
have annual incomes below the US federal poverty limit (NCFH, 2014).
In the framework of the Health Hazard Evaluation Programme, a study conducted in a poultry
processing plant of South Carolina by the National Institute for Occupational Safety and Health showed
that 42 percent of the workers had evidence of carpal tunnel syndrome, 41 percent performed daily
tasks above the thresholds recommended by industry experts and 57 percent reported at least one
musculoskeletal symptom, not including hand or wrist symptoms (Musolin et al., 2014)
Alabama produces more than 1 billion broilers per year – ranking it third among states behind Georgia
and Arkansas. It is an industry with an USD8.5 billion impact on the state – generating about 75 000
jobs and 10 percent of Alabama’s economy – and one that plays a vital economic role in numerous
small towns. However, for the poorly paid workers who face the relentless pressure of the mechanized
processing line, the jobs come at a high price. Nearly three-quarters of the poultry workers interviewed
by the Southern Poverty Law Centre for a recent report described suffering some type of significant
work-related injury or illness. In spite of many factors that lead to undercounting of injuries in poultry
plants, the US Occupational Safety and Health Administration (OSHA) reported an injury rate of 5.9
percent for poultry processing workers in 2010, a rate that is more than 50 percent higher than the 3.8
percent injury rate for all US workers. (SPLC and Alabama Appleseed, 2013).

Child labour
Agriculture is the largest sector where child labour is found: of the 215 million child labourers
worldwide in 2008, about 60 percent (129 million) were engaged in the agriculture sector, including
farming, livestock, forestry, fishing and aquaculture (FAO, 2013c). Agriculture is also one of the most
dangerous sector in terms of accidents and occupational diseases: almost 60 percent of girls and
boys (aged 5–17 years) in hazardous work are found in agriculture (FAO, 2013c). Children can be
gainfully employed in agriculture but all too often the work is at the expense of education and in
unsafe working conditions. By endangering the health and education of the young, child labour in
agriculture is an obstacle to SAD and food security.
Addressing gender inequalities
In many societies, social and cultural norms tend to determine distinct and complementary roles for
women and men in livestock production and processing. For example, in the majority of traditional
societies, women manage poultry and small animals while men work with the larger animals, such as
cattle and camels (FAO, 2012b). Although women’s typical roles within livestock production systems
vary from region to region, economic, legal, social and cultural factors tend to marginalize women’s
place in the livestock value chain (IFAD, 2010).
Women account for a significant and growing share of the workforce in agriculture worldwide, as men
are much more likely than women to move to non-farm jobs (Agarwal, 2012). In developing countries
women comprise approximately 43 percent of the agricultural labour force, ranging from 20 percent in
Latin America to 50 percent in South Eastern Asia and sub-Saharan Africa (FAO, 2011a). Despite a
determined push to generate disaggregated research – revealing, for example, that female-headed
households are as successful as male-headed households in generating income from their animals –
the available data remain uneven and inadequate. For example, while the role of women in smallscale livestock production is well recognized, there is much less documentation of their engagement
in intensive production and in the market chains associated with large commercial enterprises.
Women face a number of forms of exclusion: they have less access to technologies, extension
services, markets, financial services and productive resources, especially land. This discrimination is
a result of restrictions imposed through local customs and national laws (FAO, 2011a; Herrero et al.,
2012; IFPRI, 2012; Njuki and Sanginga, 2013). The modernization of agriculture and the integration of
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agricultural systems into international markets have sometimes deepened women’s exclusion. For
example, new crops may rely on the use of technologies that require capital inputs and some level of
education, both of which women have less access to than men. As livestock enterprises scale up, and
cash plays a greater role in the farm operation, the control of decisions and income and sometimes of
the entire enterprise often shifts to men. There are however some exceptions, for instance in Viet
Nam, where women manage many medium-sized duck breeding enterprises (FAO, 2011a). In fact,
ownership of livestock is particularly attractive to women in societies where access to land is restricted
to men; livestock can provide a relatively simple source of income for resource-poor producers
(Bravo-Baumann, 2000).
Male and female livestock producers do not necessarily face the same risks, nor do they experience
shared risks the same way. In a recent study, IFAD underlines some of these differences (IFAD,
2010). For example, if women are denied access to externally purchased productive inputs, they may
not be able to take advantage of markets for new crops. In many cultures women are not encouraged
to participate in collective organizations that can bring economies of scale and a stronger political
voice. Women also face specific risks because of their greater vulnerability to sexual harassment and
even violent attack, which in many places curtails their freedom of movement in public. The
discrimination girls face in education reduces their ability as women to take advantage of new
opportunities, and to use support services or adopt new farm technologies. Women and men are
likely to be differently affected by household shocks, such as an illness in the family, which may be
reflected in their productive activities (for example if a woman gives up paid work to care for a
relative).
Constraints from an ageing workforce
In some regions, farmer populations are ageing as rural communities see little future in agriculture
(Vos, 2014). This might be the opposite in other regions, like Africa, as a result of demography. In all
cases, changing demographics affects agricultural production. Older farmers are for example less
likely to introduce new, transformative production techniques (Vos, 2015). In the United States of
America, the average age of farmers is now 58 years, while in Japan it is 67 (Jöhr, 2015). Feeding a
growing population with an ageing workforce will require radical changes in production technology
and/or the need to make farming more attractive to young people. As shown in Chapter 2, rural–urban
migration is one of the main drivers of an ageing workforce in some developing countries.
Conflicts and protracted crises
Protracted crises are one of the greatest challenges facing the realization of FSN for all
(FAO/IFAD/WFP, 2015). Hunger has always accompanied war. Nor are natural disasters new.
However, they have grown more frequent as a result of human activity that has destroyed ecological
resilience, including through deforestation, soil and freshwater depletion, and biological diversity
loss.24 Though absolute numbers of hungry people continue to decrease, the number of countries
facing food crises has doubled since 1990 (from 12 to 24), while the number facing hunger as a result
of protracted crisis has grown from 4 to 19 of that total – an almost five-fold increase. Approximately
19 percent of the food insecure worldwide live in regions affected by protracted crisis
(FAO/IFAD/WFP, 2015).
Many studies of livestock farmers living in protracted crisis situations focus on pastoralists. Their
vulnerability to drought and forced migration is not new but the evidence suggests that the early
warning systems in place are too rarely used to trigger policy responses. Drought is a slow-onset
crisis and affects specific regions consistently: it is not unpredictable. And yet government responses
continue to be late and inadequate, while urgently needed cross-border strategies for pastoralists
remain a critical gap (Levine et al., 2011).
During armed conflicts (see Box 7), farmers’ access to fields is greatly reduced, interrupting the
production cycle. This has been a feature of the Syrian war (Jaafar et al., 2015). The vicious circle
between conflict and drought has also been documented among smallholder livestock producers in
eastern Democratic Republic of the Congo, for example, where low livestock numbers and poverty
are associated with farmers’ vulnerability in violent conflict and their low resilience in the face of a
protracted dry season (Maass et al., 2012).
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Box 7

Impacts of Conflicts on Pastoralists

Conflicts and wars cause the displacement of millions of people, who live in refugee camps. Lebanon,
Iraq, Afghanistan and Sudan are examples of recent conflicts in which displaced peoples have used
wood from forests as fuel and for building shelters. About 2.4 million people migrated to the Darfur area
and more than 3 million people migrated from Afghanistan to bordering Pakistan. These displacements
have led to deforestation and degradation of rangelands around and beyond camps. More specifically,
Pakistan has paid an environmental price for accommodating people, along with their animals over the
last 15 years. These are environmentally significant displacements occurring under fragile dry land
conditions. The national responses to such environmental disasters affecting local pastoral systems
were either slow or very limited due to limited capacity. The role of international organizations such as
the United Nations Environment Program (UNEP) is significant in assessing the environmental risks,
loss of livelihoods, and social stresses in mobilizing resources for post-conflict rehabilitation.

3.1.4 Health challenges
Health is a global public good and must be addressed at the global level, from a comprehensive and
cross-cutting perspective, including the links between animal and human health. In September 2004,
the Wildlife Conservation Society (WCS) proposed a holistic approach initially called One
World-One Health, which aimed to better prevent epidemic/epizootic diseases by
strengthening the links between human health, animal health and management of the
environment, particularly biodiversity and ecosystem services.
In October 2008, six international organizations elaborated a Strategic Framework for Reducing Risks
of Infectious Diseases at the Animal–Human–Ecosystems Interface, based on the One World-One
Health concept (FAO et al., 2008). Now known simply as One Health, the initiative promotes
coordination between the different health systems, most of which are run separately, to facilitate
economies of scale and to foster synergies. This approach has been also endorsed by the
Convention on Biological Diversity (through its decisions XII/18 and XII/21), as well as by a number of
countries, universities, NGOs and many other stakeholders.
Animal health
Animal diseases reduce productivity and are important causes of shocks that can disrupt food
production and markets. Better management of diseases and pests is thus integral to sustainable
production. Animal diseases are expensive and threaten human health. The cost of specific disease
outbreaks can often run into billions of dollars. Just a few major diseases are responsible for most of
the harm.
Animal diseases appear to be decreasing in wealthy countries but are static or increasing in poorer
countries (Perry et al., 2011). There have been many studies on the economic costs of disease linked
to losses from animal mortality, reduced productivity and control costs. However, only a few studies
have attempted to systematically assess the impacts of livestock disease across species or countries.
The cost of 32 important diseases in the United Kingdom livestock sector valued in 2001 was
estimated at USD1 178 million, or 8 percent of the value of the sector (Bennett and IJpelaar, 2005). In
Australia, the top 21 beef and sheep diseases cost the livestock sector AUD 979 million, or 16 percent
of the value of the sector (Sackett and Holmes, 2006). Studies on disease incidence and mortality in
developing countries are complicated by the lack of good information: Fadiga et al. (2013) estimated
the annual financial cost of five important animal diseases in Nigeria to be up to 29.2 billion Nigerian
Naira (USD185 million in 2013).25 All five diseases were transboundary in nature. A recent survey
from the World Organisation for Animal Health (known as OIE) estimated that, in Africa, the 35
highest priority diseases cost nearly USD9 billion a year, equivalent to 6 percent of the total value of
the livestock sector in Africa (Grace et al., 2015).
Although the levels of animal disease are highest in pastoral systems, the overall burden is greatest in
smallholder systems, as these systems hold more animals. These include zoonotic diseases (such as
salmonella, highly pathogenic avian influenza), and are linked to concerns over animal welfare.
Improved conditions for animals are associated with a reduced incidence of zoonotic disease. A metaanalysis by FAO in Africa showed small ruminants have higher mortality than cattle, young animals
25

Newcastle disease (ND) in poultry, peste des petits ruminants (PPR) in sheep and goats, contagious bovine
pleuropneumonia (CBPP) in cattle, African swine fever (ASF) in pigs and trypanosomosis in cattle and pigs.
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are more vulnerable than adults, pastoral systems have more disease than mixed systems, and
traditional systems more disease than modern livestock systems (FAO, 2002).
Human health
Food security, good nutrition and human health can be compromised by a range of food-borne
diseases, animal diseases or through antimicrobial resistance. Moving towards sustainability also
includes taking care of the health-related aspects of agricultural development.
The relationships between ASF, nutrition and health are complex: if small amounts of meat, dairy and
eggs added to grain-based diets have beneficial nutrition effects, excessive amounts of processed
meat have been linked to an increased risk of chronic disease. While studies in high-income countries
generally support a link between higher ASF consumption, overnutrition and chronic disease, the
exact role of specific foods is highly contested and prone to revision. The challenge of the weak
evidence base for nutritional guidelines combined with overconfidence in studies that confound
correlation with causation is illustrated by major reversals in nutrition advice in some countries. In
2015, for example, the American Dietary Guidelines Advisory Committee abandoned its
recommended restrictions on cholesterol and fat intake and recommended against the promotion of
artificial sweeteners for weight loss. However, some studies show an association between meat
consumption (especially red and processed meat) and cardiovascular diseases (including strokes),
some cancers, and diabetes – all of which cause mortality (Micha et al., 2012; Larsson and Orsini,
2014). In 2015, WHO’s International Agency for Research on Cancer declared that there is sufficient
evidence to support the carcinogenic effect of red meat and processed meat but noted at the same
time the nutritional value of red meat and encouraged governments and international regulatory
agencies to conduct risk assessments in order to balance the risks and benefits of eating red meat
and processed meat and to provide the best possible dietary recommendations (IARC, 2015).
Food-borne diseases (FBD) impact human health globally in ways comparable in scale to that of
malaria, HIV/AIDS or tuberculosis (Havelaar et al., 2015), with an estimated 420 000 deaths per year.
FBD are primarily the result of microbes (79 percent) and macro-parasites (18 percent). Although
public attention, even in developing countries, is much more focused on the relatively much less
important causes: chemicals and plant toxins, which account for an estimated 3 percent of FBD26
(Havelaar et al., 2015). Most of the global burden of food-borne disease (98 percent)27 is borne by
developing countries (Havelaar et al., 2015), where the most risky fresh foods are supplied largely by
the informal sector and produced by smallholders (Grace, 2015). Livestock products are the food
category most implicated in FBD (Painter et al., 2013; Sudershan et al., 2014; Bouwknegt et al., 2014;
Tam et al., 2014; Sang et al., 2014).
Emerging diseases are defined as diseases that have newly appeared in populations, or that are
rapidly increasing in frequency or range, while re-emerging diseases are those that were previously
under control but have started to reappear. They are mostly zoonotic diseases. Drivers of zoonotic
disease emergence include land-use change, encroachment of agriculture on natural ecosystems,
urbanization, conflict, travel, migration, global trade, trade in wildlife and changing dietary preferences
(IOM & NRC, 2009).
One new human disease emerges every four months. Around 60 percent of all human diseases and
75 percent of all emerging diseases are zoonotic (Woolhouse et al., 2005; Taylor et al., 2001).
Historically, most zoonotic diseases emerged in the intensive animal industries of the United States of
America and Europe but more recently there has been a shift to developing countries (Grace et al.,
2012). Most emerging zoonoses have a wildlife component, and the study of disease emergence has
a strong focus on wildlife. However, the most important emerging diseases often involve livestock.
Between 1997 and 2009, the economic losses from six major outbreaks of highly fatal zoonoses,28
involving livestock as a reservoir or a bridge to carry disease to people, amounted to at least USD80
billion (World Bank, 2012). If these outbreaks had been avoided, the benefits would have averaged
USD6.7 billion per year (World Bank, 2012). The high density of animals in intensive systems, along
26
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This is an example of where lay perception differs from expert judgment and is probably due to psychological factors
that make chemical hazards more frightening for many (Slovic, 2010).
A recent global assessment estimated that the health burden was distributed as follows: 35 percent in South Asia, 35
percent in Africa and 9 percent in Southeast Asia (Havelaar et al., 2015).
Nipah virus (pigs, Malaysia), West Nile fever (horses, United States of America), severe acute respiratory syndrome
(farmed civet, Asia, Canada, other), avian influenza (poultry, Asia, Europe), bovine spongiform encephalopathy
(cattle, United States of America, United Kingdom), Rift Valley fever (ruminants, United Republic of Tanzania, Kenya,
Somalia).

with their genetic homogeneity, exposure to stress and the use of antimicrobials to mask poor
husbandry foster disease emergence in these systems (Jones et al., 2013). But although the drivers
of disease emergence have been identified (Jones et al., 2013), there is little evidence as to which
practical strategies could be best employed to reduce disease emergence from or through a livestock
system.
Antimicrobial resistance is considered one of the major public health challenges facing humanity
this century in both developed and developing countries (O’Neill, 2015; 2016). Standards and
guidelines to address this concern have been recently published by international organizations (WHO,
2015c; OIE, 2015; see also section 3.5.2).

3.1.5 Animal welfare
There are divergent perspectives with respect to animal welfare: as citizens, people tend to support
the notion of animals being entitled to a good life, but as consumers they tend to be less careful
(Schröder and McEachern, 2004).
Animal welfare conditions currently vary across countries and production systems. Conditions depend
on socio-economic and regulatory settings, as well as on religious and cultural traditions, consumer
pressure, retailers and civil society organizations. The OIE defines animal welfare with “five freedoms”
(Box 8).
In 2016, the International Organization for Standardization (ISO) published general requirements and
guidance for organizations in the food supply chain on animal welfare management (ISO/DTS
34700).29
Finding an acceptable balance between increasing production, improving efficiency and the welfare of
livestock is a challenge for the sector, particularly in the situation of poorly regulated, intensive
industrial systems (McInerney, 2004). Maintaining and improving animal welfare can incur higher
costs to livestock producers; but these can result in higher returns to producers from more productive
animals, as well as price premiums where livestock producers are integrated into supply chains in
which animal welfare is differentiated.
In many countries, legislation provides for a minimum standard of animal welfare (Mitchell, 2001;
WAP, 2014a; CWF, 2014) and, where these do not yet exist, the OIE provides guidelines. In many
low- and middle-income countries, however, even where animal welfare legislation exists, there are
insufficient resources and capacity for its implementation.
Especially in high-income countries, consumers may be willing to pay more for livestock products that
go beyond minimum standards of welfare, exerting increasing pressure on livestock producers,
transporters and slaughterhouses to raise animal welfare standards. Governments, livestock supply
industries and consumers can play an important role in triggering or enforcing animal welfare policies
and practices (see Chapter 4). Retailers are increasingly demanding production systems that take into
consideration animal welfare.
Box 8

OIE principles for animal welfare

OIE’s Terrestrial Animal Health Code defines animal welfare as "how an animal is coping with the
conditions in which it lives. An animal is in a good state of welfare if (as indicated by scientific evidence)
it is healthy, comfortable, well nourished, safe, able to express innate behaviour, and if it is not suffering
from unpleasant states such as pain, fear, and distress” (OIE, 2004). The basis is the ‘five freedoms’
(FAWC, 2011), the principle that animals should have:
1.
2.
3.
4.
5.

freedom from thirst, hunger and malnutrition;
freedom from discomfort;
freedom from pain, injury and disease;
freedom to express normal behaviour;
freedom from fear and distress.

The OIE develops animal welfare standards, which can guide members and facilitate trade.
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See: http://www.iso.org/
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The disparities among countries in relation to their interest in animal welfare, their regulation of animal
welfare, and their ability to enforce regulations create specific difficulties for trade. ASF poses a range
of challenges for sanitary and food safety standards and recent trade negotiations, for example in the
Transatlantic Trade and Investment Partnership (TTIP), are at least as concerned with harmonizing
regulations as with more traditional trade barriers such as tariffs.30

3.2 Key challenges in smallholder mixed-farming systems
In addition to the cross-cutting challenges identified above, smallholder mixed farming systems face
specific challenges that include: limited access to resources, market and services; low resource
efficiency and resilience; and structural transformations in agriculture and in the economy that leave
them at a competitive disadvantage.

3.2.1 Limited access to resources, market and services
Smallholder farmers face a major challenge in their inadequate access to resources and services,
including land, water, breeding stock, housing, machinery and equipment, extension and veterinary
services, markets, financial services and new technologies. This undermines their ability to improve
their production efficiency and resilience, leaving them vulnerable to persistent poverty (HLPE,
2013a).
Lack of tenure and access to land and water: Lack of tenure and property rights is a major
disincentive for smallholder investment (Shepherd, 2007; HLPE 2011b; HLPE 2013a) as well as a
source of conflict (USAID, 2013). Many developing countries do not have an efficient formal land title
and tenure system, while customary tenure systems are not always reliable (FAO/Earthscan, 2011).
The problem of accessing adequate land and water is exacerbated by climate change, urban
expansion and large-scale land acquisitions (sometimes called land-grabs) by both foreign and
domestic enterprises (HLPE, 2011b: Jayne et al., 2014). Smallholders, in particular women, often lack
bargaining power in access to natural resources, especially when in competition with large
landowners, input suppliers, traders, processors and retailers.
Poor access to markets: Most smallholders have few choices about where to market what they
grow. Wiggins and Keats (2013) identified several challenges for smallholders: (a) the state’s failure
to provide an enabling investment climate (including a stable macro-economy, enforcement of
property rights, and clear standards) and rural public goods; (b) a lack of access to inputs, technical
advice, insurance, credit and other financial services; (c) the high transaction costs of information
about available products and services and on the competence and character of counterparts in
transactions; (d) inappropriate top-down approaches that lack flexibility and fail to strengthen adaptive
capacity; and (e) the lack of ”champions” whether from the private sector, NGOs or government to
overcome the diseconomies of scale that smallholders face.
Exclusion from higher value markets: Farmers who supply modern retail chains can benefit from
higher value markets but most farmers find it difficult to enter (and stay in) these demanding value
chains (Andersson et al., 2015). Those who do benefit tend to be better capitalized, better educated
and geographically advantaged (for example, within range of an urban centre). The dissolution of
publicly run agricultural extension services in many countries and the proliferation and tightening of
private standards have also squeezed smallholders out of a number of export markets. For example,
in the 2000s, Kenya and Uganda saw, respectively, a 60 and 40 percent decline in the number of
smallholders participating in the export of fruit and vegetables to Europe under Global G.A.P. (Good
Agricultural Practices), a privately operated certification programme (Graffham et al., 2007).

3.2.2 Low resource efficiency and resilience
Reducing yield gaps: Most regions have reached their land frontier limits. This implies that, absent
radical technological change, almost all increased production must come from yield increases (Vos,
2015) and not expansion. In turn, this gives critical importance to increasing the efficiency of
production to close yield gaps (Garnett et al., 2015). There are large livestock yield differences
between countries; yields are especially low in sub-Saharan Africa (Tittonell and Giller, 2013).
Globally, the gaps are largest for dairy cattle and poultry. Milk yield in sub-Saharan Africa is only 6
30
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See for example the EU’s proposal on sanitary and phytosanitary standards from 2014 (available at:
http://trade.ec.europa.eu/doclib/docs/2015/january/tradoc_153026.pdf).

percent of that in developed countries (Staal et al., 2009). The yield gap has been attributed to
suboptimal use of genetic resources, inadequate feed and high animal disease burdens. However,
efficiency assessments are often based on narrow metrics, which may not include non-food outputs
(such as manure and draught power), animal welfare, or non-tangible social assets that are often
generated at higher levels in systems with lower economic efficiency (Weiler et al., 2014).
Lack of capacity to increase productivity: Some smallholders only engage to a limited extent in
commercial agricultural activities (Perry and Grace, 2009; Okali, 2012). One review estimates that 60
percent of smallholders are non-commercial: instead, they are net food buyers who sell small
amounts of surplus production (when they have any) in local informal markets (Christen and
Andersen, 2013). Livestock keeping is more prevalent among the rural rich and the urban poor. This
suggests rural families would use an increase in income to expand their livestock holdings, but that
urbanization makes keeping livestock less viable (Pica-Ciamarra et al., 2011).
Lack of resilience: Smallholders are exposed to many risks (including climatic events, animal
diseases, pests and plant diseases, price volatility). Some aspects of modernizing production can
increase smallholders’ vulnerability. For instance, where increased agricultural productivity is the
result of increased reliance on external inputs, smallholders’ economic resilience may be undermined.
For example, studies in Viet Nam found that small-scale pig farms, which made use of household
labour and feed resources grown on farm, were less vulnerable to changes in market prices than
larger farms that relied on purchased inputs (Tisdell, 2010). Increases in productivity in smallholder
systems using modern technologies and techniques have also been associated with de-linking
livestock from local ecosystems and with genetic resource loss. Lack of adaptation to local conditions
can be a source of vulnerability.

3.3 Key challenges in pastoral systems
As well as the cross-cutting challenges identified above, pastoralists face many of the same
challenges as smallholders. Pastoralists are confronted with low resource efficiency and limited
access to services, credit and markets. Market access is limited by high transportation costs, poor
infrastructure and the lack of quality standards, leading to high transaction costs for goods and
services (IFAD, 2009b). Private sector investments in these areas are minimal because pastoralism is
perceived to have high risks and low returns.
But in addition, pastoralists in most countries are a vulnerable minority population. They also face
conflicts with other users over access to their traditional land and resources; economic and political
marginalization, including in their treatment by government; and, social inequity, related to the clash
between pastoralists’ nomadic lifestyle and the settled nature of most social institutions, such as
schools and health centres.

3.3.1 Conflicts for land and water
Pastoralism requires widespread land and water resources to operate efficiently. It has historically
developed in areas with low human population and harsh natural resources conditions that require
careful use to make the most of limited ecosystem services. Some of the most fragile pastoral
ecosystems, however, have seen rapid population growth recently: in pastoral districts in the Horn of
Africa, for example, the population has doubled in the past 20 years (Little, 2013), while in the
Qinghai-Tibetan Plateau, high population growth has been compounded by a new railway that has
encouraged in-migration (Dong et al., 2011).
As noted by de Haan et al., (2010), “population pressure, arable farming encroachment and
government policies to settle mobile pastoral groups are also major sources of soil degradation”. The
conversion of pastures and grasslands to croplands or urban settlement infringes on peoples’
acquired and inherent rights and access to traditional lands and natural resources. In west and central
Africa, traditional herd movements have led to conflicts over access to farmland, grazing areas, water
points and stock routes (McDougal et al., 2015). According to ICG (2014), these conflicts are
exacerbated by a worsening climate, increasing populations competing for scarce resources, outdated legal frameworks, and weak governance.
Water is a critical resource that determines the success of pastoralism as a way of life in arid and
semi-arid lands. As populations have increased, pastoralists often rely on boreholes during the dry
season, leading to overuse and sometimes transboundary conflicts (Omosa, 2005). Population growth
also leads to the encroachment of crops onto pasturelands. Erratic rainfall creates periodic declines in
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availability of feed for livestock, which leads to excess mortality and undermines the basis of
pastoralist livelihoods.
Conflicts over resources are expected to be exacerbated by climate change. In the Sahel, the
predicted increase of average temperatures and more frequent droughts, storms and floods will have
negative effects on animals and the availability of vegetation, accelerating vulnerabilities and
weakening the resilience of agricultural systems (Pastoral Platform of Chad, 2015). The effects will
also challenge social equity as the available resources are diminished. Some conservation initiatives
and policies that favour recreational uses of land have also violated pastoralists’ land rights and
access to natural resources.
In east Africa, recent decades have seen conflicts in a broad geographical band that stretches from
the Kenya–Somalia border to the Central African Republic (Bevan, 2007; Reda, 2015). Violent
conflicts result in ineffective resource utilization, reduced mobility for pastoralists, food insecurity and
the closure of markets and schools (Schilling et al., 2012).

3.3.2 Economic and policy-related discrimination
In most countries, pastoralists are a minority. They inhabit remote, marginal lands where political
borders may not correspond with traditional territory (Nori et al., 2005). Failure to understand
pastoralism has led to policies with negative effects. For example, in regions of China and the Andes,
policies to promote the settling of nomadic populations and the introduction of modern farming led to
the deterioration of environmental, economic and social conditions in pastoral communities (Hesse
and MacGregor, 2006; Dong et al., 2011). In central Asia, the transformation of the traditional pastureuse system, driven by population growth and policy reform, has resulted in massive rangeland
degradation and increased carbon emissions (Chuluun and Ojima, 2002). In east Africa, pastoralists
are settling and diversifying their livelihoods but service provision and infrastructure development
remain inadequate (ODI, 2010) or unhelpful. For example, the development of large-scale irrigation
along rivers in drylands has reduced pastoralist’s access to grazing and water (Galaty, 2014). While
communal land rights ensured women's access to land, transition to private land holding often puts
the land title in the hands of men, disadvantaging women pastoralists.
Market distortions: Meat produced by pastoralists in a number of countries has been subject to
strong competition from products imported from Europe or the United States of America, many of
which benefit from substantial direct and indirect subsidies (Moll and Heerink, 1998; Stoll-Kleeman
and O’Riordan, 2015). During the 1970s and 1980s, international food aid was the main response to
the Sahelian food crisis. Many of the food aid interventions were poorly planned and implemented,
leading to the destabilization of markets and increased dependency among some of the recipient
populations (Barrett and Maxwell, 2005). Massive shipments of wheat and rice also stimulated a shift
in consumer demand from indigenous millet or sorghum to imported grains (FAO, 2006b).
Emergency assistance: The specificities of pastoral systems are still not adequately accounted for in
early warning systems and in the plans to prevent and mitigate food crises. Policy-makers need to
better understand what makes pastoralists resilient and what makes them vulnerable, whether with
regard to technical aspects (health of livestock, social management of water resources and pasture),
social aspects (access of pastoralists and agro-pastoral households to basic social services, including
health, education, clean water, sanitation, etc.) or economic aspects (linkages between livestock and
feed, choice of markets, competition with settled agriculture and with imports, etc.).
Negative impact of some infrastructure developments: Major hydro-agricultural development
projects undertaken in the Sahel (for the irrigation of rice cultivation) have excluded pastoralists from
valuable land and in particular from areas used during the dry season. This has weakened pastoral
societies (Cisse, 2008). The challenge is to enhance social equity and responsibility by integrating
transhumance, forestry and agriculture in the development of the territory, and respecting indigenous
peoples’ rights to commonly-owned land and natural resources.

3.3.3 Social and gender inequity
Pastoral societies are often patrilineal kinship groups with a marked gender division of labour and
entitlements that generally favours men. These inequalities are then typically accepted by women and
the community at large (Eneyew and Mengistu, 2013). Child labour is common in pastoral areas and
herding can start between five and seven years of age. Boys are generally more involved than girls.
International experts are concerned that pastoral labour can be harmful to children’s health and
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educational opportunities (FAO, 2013). Social change is also creating new forms of inequity. For
example, rural out-migration leads to more households headed by elderly people, who tend to be
more vulnerable (Opiyo et al., 2014). Social differentiation is increasing in many pastoral societies.
For example, in the Bolivian and Peruvian highlands agrarian reform supporting individual ownership
has led to greater inequities between hired herders and herd owners (Dong et al., 2011), and in the
Horn of Africa a more capital-intensive pastoral system aimed at production for the market has had
similar impacts (Little, 2013). Often these inequities intersect with each other to compound the
disadvantages.
Indigenous peoples (see Box 9) face additional challenges. There is a strong link between the
presence of pastoralists, the prevalence of indigenous livestock breeds and the provision of
supporting, regulating and cultural ecosystem services. These links are found especially in the
extensive livestock systems in drylands and mountainous regions. The large areas covered by these
production systems, the importance of grasslands to biological diversity and the link between livestock
grazing and nature conservation affirm the role of small-scale livestock keepers and pastoralists as
guardians of biodiversity beyond the management of their breeds (FAO, 2009a).
Chronic marginalization, non-recognition of rights, poor infrastructure and limited or inappropriate
services have resulted in many indigenous peoples having poor socio-economic, education and
health (including mental health) status.
Viable FSN approaches need to enable and support community-based traditional knowledge systems
and innovations of indigenous peoples and others who are marginalized or negatively affected by the
predominant food system. Indigenous peoples’ agro-ecological knowledge and practices are valuable
in supporting resilience to change, including climate change, and in monitoring livestock diseases or
invasive pests that can damage biodiversity and fragile ecosystems.

3.3.4 Human and animal health challenges
Poor animal health: A meta-analysis by FAO in Africa found pastoralist systems had the highest
levels of livestock mortality (Otte and Chilonda, 2002). Livestock are also vulnerable to extreme and
recurring weather events characteristic of drylands, such as droughts, winter storms and floods. For
example, in Mongolia, the 2010 dzud (severe winter) was one of the worst ever, resulting in the death
of approximately 8.5 million livestock or 20 percent of the 2009 national herd (Rao et al., 2015).
Risks of zoonotic diseases: Because of their close contact with livestock and poor access to health
services, pastoralists are at high risk of some zoonotic diseases. For almost all nomadic populations,
three zoonoses present a persistent problem: echinococcosis, brucellosis and rabies (Zinsstag et al.,
2006).

Box 9

Indigenous peoples and livestock

The UN-system has no formal definition of indigenous peoples but instead works with a series of typical
characteristics that include: self-identification as indigenous peoples; historical continuity with precolonial and/or pre-settler societies; a strong link to territories and surrounding natural resources;
distinct social, economic or political systems; distinct language, culture and beliefs; form non-dominant
groups of society; and, are resolved to maintain and reproduce their ancestral environments and
systems as distinctive peoples and communities (UN Permanent Forum on Indigenous Issues).31
There are around 400 million indigenous peoples in 70 countries, mostly in Asia. Many, though not all,
pastoralists consider themselves to be indigenous peoples. Although indigenous peoples account for
less than 5 percent of the global population, they comprise about 15 percent of all the poor people in
the world and one-third of the rural extreme poor.32

31
32

See: http://www.un.org/esa/socdev/unpfii/documents/5session_factsheet1.pdf
See: http://www.ifad.org/pub/factsheet/ip/e.pdf

75

3.4 Key challenges in commercial grazing systems
Beyond the cross-cutting challenges identified above, commercial grazing systems are also
vulnerable to some of the same challenges as pastoral systems, including conflicts over resources
(particularly land and water).
Natural grassland degradation: The extent of rangelands has changed over time due to the
conversion of forested land into grasslands, the conversion of rangeland into cropland, and the
replacement of abandoned rangeland with forests (Box 10). Rangeland biodiversity has been reduced
by too intensive use for livestock production and the conversion of rangeland into cropland, a situation
that is predicted to continue for the foreseeable future (Alkemade et al., 2013). Recent assessments
predict little future increase in pastureland (Bruinsma, 2003; MEA, 2005). Most land-use models show
a minor increase (10 percent or less) in grazing land needed by 2050 (Smith et al., 2010).
Deforestation as a result of ranching is a common occurrence in Central and South America
(Wassenaar et al., 2006). However, assessing and managing grasslands are complicated by the
absence of an international mechanism or organization in charge of their assessment and of reporting
on their state, unlike some other biomes (e.g. forests by FAO, wetlands by the Ramsar Convention).
Conflict over land and resources: Conflicts over land and forest resources between large capital
enterprises and cattle ranchers have threatened the viability of smallholder agriculture (Guedes et al.,
2012) and the livelihoods and cultures of indigenous peoples. This can lead to rural households and
rural or indigenous community members being displaced and migrating to cities or to more marginal
lands. Inadequate access to land by the poor and insecure land tenure are factors behind rural
poverty, violence, human rights abuses and exploitation of rural workers in conditions of servitude
(USAID, 2013).
Poor worker conditions: In some countries, particularly in Latin America and southern Africa,
workers have lost security as a result of the expansion, encroachment and concentration of large
farms, sometimes violating land rights and deepening inequalities. Moreover, employment
opportunities and working conditions for landless labourers, including indigenous people in some
countries, are often poor and insecure.
Technical inefficiencies: In tropical areas the current methods of livestock production are often
inefficient due to poor management, soil quality and high temperatures with limited shade for animals.

Box 10 The challenge of degradation, biodiversity loss and soil erosion on grassland
systems in the Southern Cone of America
Historically, natural pastures have been considered as low productive extensive systems.
Natural grasslands are under pressure by demand driven by commercial seed enterprises for land to
use for sown pastures (sometimes with foreign species). The dominant research interests of national
research institutions also tend to focus on replacing natural grassland systems with what are
considered to be more productive crops. The cerrado vegetation in Brazil and the Pampa (Argentina)
are two examples of natural grasslands that are being converted.
In Brazil, from the 14.1 million ha with natural grasslands in 1970, only 10.5 million ha survived in 1996
(IBGE, 1996). Current estimates place the remaining natural vegetation cover at around 34 percent of
the original cover, so natural grasslands now comprise less than 6 million ha (Hasenack et al., 2007).
Bilenca and Miñarro (2004) indicated that natural grasslands are also decreasing in Rio Grande do Sul
(Brasil), in Pampas (Argentina) and in Uruguay, at rates of 11.9, 3.6 and 7.7 percent, respectively.
Considering the census data from 1996 to 2006, the average reduction has reached 440 000 ha per
year (Nabinger et al., 2009).
Source: adapted from Carvalho et al., 2008; 2011
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3.5 Key challenges in intensive livestock systems
Intensive livestock systems face many sustainability challenges. These challenges are often related to
the fact that farmers and other actors in the agri-food chain do not fully take into account
environmental and social externalities (costs or benefits). Nor are the externalities reflected in
consumer prices. The extent of the negative externalities has sometimes pushed production and
consumption into unsustainable patterns.

3.5.1 Environmental challenges resulting from intensification
Water, soil and air pollution: The concentration of farming and intensive livestock production results
in high levels of air pollution around the farms, high water use, extensive water pollution and the
emergence of green algae in watercourses and beaches (e.g. Matson et al., 1997). These negative
impacts on the environment threaten future food and nutrition security (Tilman et al., 2002) and the
long-term resilience of intensive systems. The problem is especially significant in areas where
intensive farms are concentrated. Some of the major problems associated with water pollution
include: eutrophication of surface water; leaching of nitrates and pathogens; release of
pharmaceuticals including antimicrobials and anabolic steroids; build-ups of excess nutrients and
heavy metals; and the degradation of rivers, lakes, coral reefs and coastal areas (FAO, 2006b).
In developing countries, while the majority of livestock farms is comprised of small-scale integrated
farms and low-input extensive systems that do not pollute very much, intensive farms clustered
around major urban centres have experienced rapid growth in the recent decades. Many of these are
located near lakes, rivers or coasts. Large concentrations of animals and animal waste close to
densely populated areas and far from crop fields (where slurry could be used) create considerable
environmental problems. Waste is also a problem elsewhere in the livestock production chain, in
livestock feed processing plants, agri-chemical plants, tanneries, slaughterhouses, livestock
processing plants and wet markets.
Water pollution is also associated with the cultivation of feed for livestock (including crop residues and
different by-products used as animal feeds), particularly in mono-cropping systems. Effects may be
distant from the source of the pollution, as is the case with nitrogen leaching to surface waters from
soy and maize farms in the Mississippi River Basin, which is the primary cause of hypoxia in the Gulf
of Mexico surface water some 1500 miles down river (Blesh and Drinkwater, 2013).
Concentrated animal feeding operations (CAFOs) create concentrated (point source) pollution.33
These are often located in rural areas and they typically have relatively strong systems for managing
and storing waste, but they still experience problems. For example, in August 2005 a lagoon
collapsed at a western New York dairy, sending 3 million gallons of waste into the Black River. As
many as 250 000 fish were killed, and residents of Watertown had to suspend their use of the river as
a water supply and recreation area (Food and Water Watch, 2007).
Land-use changes: FAO (2012a) estimates that between 2005/2007 and 2050, arable land could
increase by 4 percent (net increase of about 70 million ha, comprised of an increase of almost 110
million ha in the developing countries and adecrease of nearly 40 million ha in the developed
countries). But this projection does not take into account the need for new arable land to compensate
for land degradation. According to other projections, cropland could expand by 5–20 percent till 2050,
mainly in Africa and Latin America (Byerlee et al., 2014). Much of the increased crop output over that
period will be for livestock feed (Chapter 2). Lal et al. (2012) estimate that 20 percent of the world’s
native grasslands have been converted to cultivated crops and almost 80 percent of the South
America cerrado has been converted to cropland or urbanized (White et al., 2000).
Loss of genetic diversity: Intensive livestock production systems reduce the available genetic
diversity of livestock. FAO (2007) highlights the relationship between the rapid spread of intensive
livestock production and the decline of genetic diversity in livestock production systems. In the face of
climate change and unpredictable changes in agricultural conditions, the loss of diversity curtails the
opportunities for adaptation.

33

The US Environmental Protection Agency (US-EPA) defines a CAFO as an animal feeding facility that houses more
than 1 000 animal units (AU), has 300 to 1 000 AU but meets certain conditions, or is designated a CAFO by the
state (US-EPA, 2005).
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3.5.2 Health impacts of intensive systems
Antibiotic use in agriculture, mainly in intensive systems, is a major contributor to the problem of
antimicrobial resistance. Antimicrobial use in agriculture exceeds use in human medicine and is
growing rapidly, raising concerns on the possible impacts of agricultural antimicrobial use on human
and animal health (Grace, 2015; Landers et al., 2012). Demand for antibiotics for livestock is growing
especially rapidly in the emerging economies of Brazil, India and China. China’s livestock industry
alone could soon find itself consuming almost one-third of the world’s available antibiotics (van
Boeckel et al., 2015). Most antimicrobials are often used in intensive livestock production for growth
promotion rather than the treatment of disease, while aquaculture is also an important user in some
places (especially in Southeast Asia and Chile). There is very little information on the use of
antimicrobials in livestock in developing countries and there are important differences among
developed countries: some have markedly high amounts of antimicrobial used per animal (for
instance Italy, Cyprus, United States of America) while others use very little (for instance Norway,
Iceland, Sweden) (Grace, 2015).
Antibiotics, whether for human or animal use, end up in the environment and in the food system.
Resistant pathogens can be found in animals, animal food products and the environment. Developing
countries in particular lack the surveillance systems that would generate reliable national data on the
level of antimicrobial residues or resistant pathogens in animals and their products. While it has been
shown that agricultural use of antimicrobials has led to antimicrobial resistant infections in humans,
the evidence from the literature is insufficient to draw firm conclusions on the extent of the contribution
(Grace, 2015).
CAFOs: Adverse health effects related to exposure to contaminants among CAFO workers have
been well-documented; the impact on the health of residents in nearby communities is less well
documented but neighbouring residents appear to be at increased risk of developing neurobehavioural symptoms and respiratory illnesses, including asthma (Greger and Koneswaran, 2010).

3.5.3 Social challenges in intensive systems
Rural abandonment: The social benefits of agriculture can be eroded as production becomes more
concentrated and intensive. Intensive agricultural systems are associated with negative effects on
employment, wealth distribution, ancillary economic activity in rural areas, service provision in rural
areas (such as schools and health facilities), and the maintenance of landscapes and recreational
spaces. In the United States of America, a review of studies over the past 50 years found
industrialized agriculture resulted in lower relative incomes for farm workers who live in the local
community and greater income inequality and poverty. Rural town “Main Street” also suffers as retail
trade diminishes and stores close down (Pew Commission on Industrial Farm Animal Production,
2008). Faced with the trends of rural abandonment, the EU Common Agricultural Policy has made the
maintenance of viable rural communities one of its three strategic aims.
Unsatisfactory working conditions: Concentration and the intensification of agricultural production
change the nature of work. Fewer people are employed in modernized farming systems (such as for
milking). Working conditions do not necessarily improve with the industrialization of agriculture,
however, and they are often unsatisfactory. The social, political and economic status of workers and
their relative autonomy is often less than it is in traditional farming systems. This challenge can be
partially offset by stronger enforcement of workers’ rights and protections, as well as the creation of
opportunities for displaced agricultural workers to find decent work outside agriculture. There are also
concerns around contract farming, which, when poorly regulated, can increase the risks and reduce
the revenues for the contract farmers (Kirsten, 2009).
Low wages: Around half a billion women and men are employed as agricultural workers. The share
of women waged agricultural workers has been rising in all regions, accounting for 20–30 percent of
total agricultural wage employment (Hurst, 2007). Especially in developing countries, a large part of
wageworkers are employed on a seasonal or casual basis: they do not receive any employment
benefits and have long periods (often one-third of a year) of joblessness. Wages are often relatively
low and working conditions are unsafe.
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Migrant labour (temporary workers who are not settled permanently in a population): In many
countries, both developed and developing, migrant workers are common among agricultural workers,
including migrants who lack legal status. This makes the sector especially vulnerable to abuse,
including poor working conditions, unfair wages, and limited access to social services. In some
regions such as California, the proportion of migrant agricultural workers is close to 90 percent. In the
Republic of Korea, the number of migrant workers in the livestock agro-industry is higher than the
numbers found in construction or the fisheries sector. Migrant agricultural labour has for long been
associated with poor working conditions (Svensson et al., 2013).
In the United States, the share of hired crop farmworkers who were born in the United States of
America or Puerto Rico fell from about 40 percent in 1989–91 to a low of about 18 percent in 19982000, while the share born in Mexico rose from 54 percent to 79 percent over the same period. Since
2000, the United States of America and Puerto Rican share has climbed again to about 29 percent
while the Mexican share has fallen to about 68 percent. The share from Central America and other
regions has never exceeded 6 percent.34
Occupational hazards: Participation in livestock value chains is associated with a relatively high
level of occupational health hazards, especially traumatic injuries and infections. Farm machinery,
livestock-related injuries and falls are reported to be the main causes of occupational injuries on farms
(Douphrate et al., 2009). For example, during a five-year period, 20 percent of Finnish farmers
suffered injuries and 2 percent infections severe enough to report to a doctor (Karttunen and
Rautiainen, 2013). Slaughterhouse and packing plant workers are exposed to high levels of
occupational risk, suffering elevated rates of injury, with a high prevalence of mental disorders (Hutz
et al., 2013). In the United Kingdom in 2014, food manufacture had a rate of reported injury more than
twice that of manufacturing as a whole (HSE, 2014).

3.5.4 Economic challenges in intensive systems
Market concentration: Competition and downward pressure on producer prices can lead to a
reduction in farm-sourced incomes and an increase in debt, a situation often encountered in the
industrial livestock sector (Zijlstra et al., 2012). As a consequence, in the absence of support or
diversification, larger farms tend to survive, while smaller farms cannot structurally compete in
domestic or international markets, leading to further concentration in the sector. This tendency is
similar to that experienced in the industrial and manufacturing sectors, with implications that highlight
the potential conflict between increasing productive efficiency, low prices for consumers, the difficulty
to provide decent income, employment and livelihood, and the devitalization and depopulation in rural
areas, as well as the externalization of significant environmental costs.
Distorted price signals: Price signals do not always guide optimal production and investment
decisions in intensive livestock systems, and thus do not lead to positive FSN outcomes. Price
support policies, which are common for many livestock commodities across both developed and
developing countries, distort price signals to producers and consumers. Farmers compete for
remunerative farm-gate prices while consumers seek low prices and access to quality food. Food
processors, traders and retailers hope to balance those opposing interests with the objective of
maximizing profit, which can translate either in low or high pricing strategies, depending on the
context and the relative market power of the actors. In the food supply chain, processors and retailers
often have sufficient market power to drive prices down, which can have positive effects on access to
food but at the same time can undermine the profitability of livestock enterprises, and set up vicious
circles of competition among livestock farmers, who have relatively little bargaining power in the
supply chain.
Inequitable distribution of value added: The concentration of excessive power by large
corporations in the agri-food chain over livestock suppliers and consumers gives rise to the concern
that the distribution of value added within the food supply chain is unfair (HLPE, 2013a). There is
considerable debate on what mechanisms might address these concerns in the organization of food
systems and food chains. Proposals include establishing regulatory and anti-trust frameworks,
encouraging collective organization of livestock producers, and promoting greater transparency and
information, so that the value added generated along the food chain can fairly remunerate labour,
farmers and rural areas (HLPE, 2013a).

34

See: http://www.ers.usda.gov/topics/farm-economy/farm-labor/background.aspx (accessed June 2016).
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Feed and energy dependence: Specialized, intensive livestock farming, in particular intensive pig,
poultry and dairy production, are dependent on feedstuffs purchased from specialized crop farms,
often via imports. This can trigger remote environmental impacts where feed is produced, such as
deforestation, soil and water degradation, and loss of biodiversity. It also exposes livestock operations
to international grain trade and energy price risks and volatility. The volatility of prices of feed and
energy can affect the profitability of livestock operations, hindering optimal investment decisions.

3.6 Concluding comments
There is a broad consensus that while the livestock sector generates very many health, livelihood,
economic and environmental benefits, it also contributes to many nutrition, health, social and
environmental challenges.
This chapter has presented some of the challenges that the livestock sector has to address. These
challenges can be either global or specific to farming systems, and can cover different dimensions of
sustainability (see Table 2).
Progress towards SAD for FSN will require the elaboration of comprehensive pathways at different
levels to address these challenges simultaneously, while recognizing the important differences among
farming systems so as to reduce unintended consequences. Chapter 4 proposes a common approach
to elaborate those pathways, and then suggests possible pathways for each of the four livestock
systems in turn.
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Table 2

Priority challenges to attain SAD for FSN in different livestock systems

System

Smallholder
mixed farming

Pastoral

Commercial
grazing

Scale and geography

Key health and
One-Health challenges

Around 600 million persons
mainly in south and south
east Asia, and Africa

Endemic animal diseases

Around 30 million small
farmers in developed
countries

Food-borne diseases

Nearly 200 million
pastoralists

Hundreds of thousands of
farmers in Latin America,
parts of United States of
America, Australia, and
southern Africa

Zoonotic diseases
Contribution to NCD

Endemic animal diseases
Zoonotic diseases

Emerging diseases
Contribution to NCD

Key social challenges
Farm fragmentation
Lack of rights, entitlements,
tenure
Ageing workforce and exodus
of young people

Key environmental
challenges
Climate change;
Land degradation;
Loss of biodiversity

Intensive

Several million intensive pig,
poultry and beef/sheep
feedlot farms, mainly in
BRICs and high-income
countries

Contribution to
antimicrobial resistance
and NCD

Exclusion from highvalue markets and
service

Marginalization: lack of
rights, entitlements, tenure

Climate Change

Conflict over land and water

Extreme events
(droughts, floods)

Inequitable norms &
institutions

Water scarcity

Displacement of indigenous
peoples and local
communities

Deforestation;

Exposure to world price
volatility

Vulnerable groups

Contribution to climate
change

Poor work conditions

International market
access

Land conversion

Low economies of scale

Emerging diseases
Foodborne diseases

Low economies of scale

Low productivity and
high yield gaps

Rural abandonment

Rural abandonment
Around 2 million intensive
dairy farmers in United
States of America, Brazil,
Europe, New Zealand

Key economic
challenges

Poor work conditions

Air, land, water
pollution

Poor animal welfare

High water use
Contribution to climate
change

Lack of access to
markets and services
Low productivity

Exposure to world price
volatility
Price squeeze from input
suppliers, processors
and retailers

Bold italics indicates highest priority; NCD = Non Communicable Diseases; BRIC = Brazil, Russian Federation, India, China
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4 PATHWAYS TOWARDS SAD FOCUSING ON LIVESTOCK
Drawing on the trends in agriculture and the challenges for SAD identified in the previous chapters,
with regard to livestock systems, reviewed above, this final chapter is focused on action: what should
states, intergovernmental organizations (IGOs), the private sector, civil society organizations and other
stakeholders in the food systems do to improve the sustainability of agricultural production to ensure
food security and nutrition for all?
The chapter suggests a common, three-tier approach to elaborate pathways towards SAD for FSN:
first, looking at the operational principles for pathways and the tools for solutions on the ground;
second, looking at the enabling environment; and third looking at farm practices of the different
livestock farming systems already identified, namely: smallholder mixed farming, pastoral, commercial
grazing and intensive livestock systems.
Pathways to SAD need to address multiple challenges simultaneously, taking the benefits that ASF
has to offer, respecting the diverse cultures in which livestock systems play a central role, and yet
acknowledging the unsustainability of important aspects of modern livestock systems and thus the
need for change. The pathways are illustrated throughout the chapter with selected case studies.

4.1 Common approach to elaborate pathways
Pathways combine technical actions, investments and enabling policy instruments. They are context,
scale-and time-period specific. They are pursued and supported by various actors at different scales,
all undertaken with the aim of advancing the goal of SAD for FSN.
However, the common approach in eight steps described below (and illustrated in Figure 8) can frame
processes to identify these pathways and design national SAD strategies:

Common approach to elaborate pathways towards SAD for FSN
1. Describe the current situation of the specific farming system in a specific context
(for example at country level).
2. Agree on the set of long-term FSN goals and measurable targets at national level,
in line with the SDGs.
3. Identify the challenges to be addressed to move towards SAD for FSN.
4. Define a set of operational priorities among these challenges.
5. Identify the possible set of solutions available that can be mobilized by stakeholders,
both in specific farming systems and those that are cross-cutting.
6. Define the specific responses/solutions and technical packages that are best suited
to address the priorities of the given context. Acknowledging the scope for both synergies and
trade-offs, these responses should address three criteria: improve resource efficiency,
strengthen resilience, and secure social equity and responsibility.

7. Set in place an appropriate environment for implementation, including policies, laws
and international-level arrangements for agriculture, food security and trade, to complement
and enable the choice of priority actions at the farm level and along the food chain. This
environment comprises choices to be made in three main domains: (i) governance options
including the institutional architecture at the appropriate level;35 (ii) degree of diversification and
integration of systems from the farm to the global level in terms of co-existence of different farm
types within the overall food system; and (iii) the role and orientation of markets and trade,
including preferences for where investment should be directed.
8. Set in place methods to monitor and evaluate progress to reinforce positive reactions and
responses, to allow the identification of constraints that emerge over time, and to allow for
dynamic and iterative adjustments if progress falls short of moving towards the desired goal.

35

An OECD/FAO/UNCDF report (2016) takes a territorial/regional perspective to approach FSN policy.
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Figure 8

Pathways and responses for SAD towards FSN
Overarching objective

Improve FSN for growing population
in a sustainable way

Inclusive, evidence-based process

Collective and
institutional actions

Markets, trade
and food chains

Diversification/Integration
(systems, scales, sectors)

Identify priorities, actions and implement them
in each system at appropriate time and scale
Strengthen
resilience

Improve resource
efficiency

Iterative evaluation and adjustment

Governance

Secure social
equity/responsibility

Diagnosis of situations in a diversity of farming systems:
Identify context, trends, challenges, opportunities and a set of options

Pathways to SAD are affected by changes at the farm level, and by changes outside the agriculture
sector, such as investment in transportation infrastructure and the development of new technologies
off-farm, as well as by a wide range of policies and regulations whether targeted to agriculture or to all
sectors of the economy and society.
The imperative of achieving food security and better nutrition is widely accepted and reinforced by the
adoption of the SDGs in 2015. Nonetheless, the multiplicity of entry points, perspectives and
objectives for the realization of these complex goals has led to the coexistence of differing narratives
and evaluations of the state of existing food systems and, most importantly, different
recommendations on the directions required to improve sustainability and the policy instruments
needed to achieve FSN.
One of the most contested debates over pathways to SAD is that between the “market orientation”
versus the “food sovereignty” narratives.
The market-oriented narrative focuses strongly on economic growth and income generation as the
basis for food security, relying on economic access to food through purchasing power and on open
and deregulated domestic and international agricultural markets to ensure efficiency and competition.
In this narrative, market incentives drive the development of productivity-enhancing technologies. Over
time, the narrative has progressively adapted methodologies to account for the environmental impacts
of agricultural production (“internalizing the externalities”) with the objective of “sustainable
intensification”. From a market-oriented perspective, it includes the promotion of market-based
instruments such as pollution charges, remuneration for ecosystem provision, better pricing of scarce
natural resources, legal frameworks to protect private ownership and tenure of natural resources
(especially land and water), environmental legislation, and targeted interventions to address social
concerns associated with agricultural development.
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In contrast, the “food sovereignty” narrative focuses on the “right of peoples to healthy and culturally
appropriate food produced through ecologically sound and sustainable methods, and their right to
define their own food and agriculture systems” (Nyéléni Declaration, 2007). This narrative emphasizes
the need for a “practical method for building food sovereignty at farm scale” (Shattuck et al., 2015).
Pathways to food sovereignty argue for more transformative changes in the structure, production
methods and power relationships embedded in industrialized food systems, and promote “localized”,
just and responsible food production, distribution and consumption in rural and urban contexts
(Desmarais et al., 2010; Pimbert, 2009; Desmarais et al., 2010).
The debate between market-oriented and food sovereignty advocates reveals starkly different
perspectives on pathways to sustainable development (and is just one illustration of the differences
that exist). This report acknowledges the importance of these differences, and the many “shades of
grey” that exist among the narratives as well. It seeks to describe pathways for actors in food systems
that acknowledge that decisions about public policies, technologies, private investment and regulation
are embedded in assumptions about how food systems work and how they are evolving in the face of
different pressures, including ecological, cultural and economic developments. There are rarely perfect
solutions but actors in the food systems should make decisions based on an enhanced understanding
of the demands of SAD and the obligation to realize FSN for all.

4.2 Operational principles for solutions towards SAD
Solution-oriented pathways towards SAD can be defined according to their compatibility with three
broad principles: improve resource efficiency, strengthen resilience and secure social
equity/responsibility. The reasons for choosing these criteria is that they seem better suited to
concretely outline development options than using the conventional three dimensions of sustainability.
They have the potential to better identify win–wins (and trade-offs) in terms of those solutions
contributing to positive economic, social and environmental outcomes.
This section lists the main sets of responses with regard to the three criteria of resource efficiency,
resilience and social equity/responsibility. In some cases, a solution pertaining to one criterion, such
as resource efficiency, can also improve resilience and social equity/responsibility. For instance, there
is some evidence that efficiency and resilience to climate change can go together, according to case
studies reported in a FAO–OECD workshop (FAO/OECD, 2012).
A particular focus in recent years has been an examination of the various approaches to improve
agricultural resource efficiency and to strengthen resilience to climate change, animal diseases and
price volatility that, in turn, can facilitate investment and productive efficiency. This synergy is further
developed in the next section. This reinforces the importance of acknowledging the interlinkages
among the three criteria and the need to adopt an integrated approach.

4.2.1 Improve resource efficiency
Many of the challenges identified in Chapter 3 – economic, environmental and social – call for a better
use of resources, to increase economic returns, reduce negative environmental impacts and improve
the social situation of smallholders, pastoralists and family farmers who have a limited resource base
or who face exclusion for social, cultural or political reasons.
With respect to resource efficiency, the potential exists to narrow the yield gap between the highest
and lowest agricultural performers in a region and thus increase agricultural production, including
livestock and the production of animal feed. This can be achieved through the transfer and adoption of
existing practices and technologies as well as the development of new technologies and increasing
the participation of stakeholders. Narrowing the yield gap has the potential to improve diets, nutritional
status and the health of poor and vulnerable people, as well as to enhance their economic well-being.
Three questions then arise: first, which ways and means are available for farmers to adopt appropriate
technologies and approaches to improving yields and ensuring decent livelihoods within their specific
contexts; second, how do the ways and means affect (positively or negatively) livestock’s
environmental footprint (Revell, 2015); and third, which policy measures and actions can most
effectively reduce those environmental externalities? A recent OECD report (2016) examined the role
of policy in improving resource efficiency.
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Narrow yield gaps
Sumberg (2012) notes that several major analytical studies, including the InterAcademy Council’s
2004 report, have drawn on yield-gap analysis as a framing device for agricultural policy prescriptions.
Focusing on yield gaps is seen as a way to make lasting agricultural productivity improvements in
parts of the world where it could make the biggest difference to livelihoods and FSN (Sumberg, 2012;
InterAcademy Council, 2004; IAASTD, 2009; Foresight, 2011). Sumberg outlines a range of
methodologies used by analysts to estimate the gap between potential and actual crop yield and
explores the relative importance of factors and inputs that explain the potential and actual differences.
Box 11 Integrated sustainable silvo-pastoral systems in Colombia
In Colombia, arable lands are estimated to cover 54 060 km2, and cattle occupy 80 percent of the
agricultural area. Extensive grazing has caused soil degradation and deforestation and, in dry
areas, has hastened desertification. Moreover, with an equivalent 0.62 livestock unit per hectare
(Vera, 2006), cattle ranching has traditionally relied on extensive systems, with few animals per
hectare raised on grass. While it has a range of benefits, this type of cattle ranching provides
limited feed quality. It also often suffers from challenges during seasonal extremes of temperature
and drought, due to limited shade, poor soil quality and access to water.
Silvo-pastoral systems (SPS) have been proposed to increase the efficiency of cattle ranching
while reducing its environmental burdens. Intensive silvo-pastoral systems (iSPS) are a type of
SPS that combine high-density cultivation of fodder shrubs (4 000 to 40 000 plants per ha) with: (i)
improved tropical grasses; and (ii) trees species or palms at densities of 100–600 trees per ha.
These systems are managed under rotational grazing with occupation periods of 12 to 24 hours
and 40 to 50 day resting periods, including ad libitum provision of water in each paddock (Calle et
al., 2012). iSPS have the potential to deliver much more feed of higher quality from the land. The
additional plant matter, plus root density, and biodegradable material can increase soil quality and
water retention, as well as increasing carbon content in the soil (Chará et al., 2015). By using
animal breeds well adapted to tropical environments, the iSPS have the potential to achieve high
levels of production from local feed sources in pasture-based environments. This maintains good
health, natural behaviour and ease of animal management (WAP, Agri-benchmark, CIPAV
FEDEGAN, 2014). Several studies in Latin America have demonstrated scientifically evidenced
benefits of iSPS for productivity, soil quality, GHG mitigation and animal welfare, while boosting
rural economies and livelihoods.
A study carried out in three pioneer farms in establishing iSPS showed that both feed production
and profit increased when the systems were established: La Luisa, a beef finishing farm in the
Cesar valley with four groups of beef animals and a total of 500 cattle on the farm; Petequí, a dairy
farm in the Cauca valley with around 70 crossbred dairy animals; and El Hatico, a dairy farm in the
Cauca valley, rearing Lucerna breed animals. The herd is divided into five groups ranging from
pre-parturition cows, high-, medium- and low-lactation cows.
The results of implemented measures showed that iSPS are:
i. More productive and profitable than extensive cattle ranching systems. Their success is
based on good management, extension and access to capital that builds farmers’ long-term
capacity to deliver efficient and increasingly productive beef and dairy production.
ii. Productivity that goes hand-in-hand with animal welfare.
iii. Responsible investment in sustainable environmental management, with potential climate
mitigation benefits.
The study provided evidence for the ability of iSPS to create ”triple-win” solutions for sustainable
livestock production: productivity and profitability gains; environmental improvements; and animal
welfare benefits.
The knowledge developed in these farms is used by the project Colombia Mainstreaming
Biodiversity into Sustainable Cattle Ranching led by FEDEGAN-FNG in partnership with CIPAV
research institute, The Nature Conservancy and Fondo Acción. The project is administered by the
World Bank with funding from the Global Environment Facility and the United Kingdom’s
Department of Energy and Climate Change (DECC) and aims at establishing 10 000 ha of iSPS
and 40 000 more of other SPS in the country.
As iSPS are management-intensive, capacity building via extension and advisory services is a key
component of successful delivery. Targeted investment early in establishment of the silvo-pastoral
system, and an effective capacity building programme, tailoring knowledge development to
individual farmers’ needs, can provide increased potential for success.
The benefits for productivity and profitability from such investment are clear and this is an area
where international and local policy mechanisms, donors and governments can play a crucial role.
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Box 12 Improved goat production in Kenya
In Meru district, Kenya, Farm Africa developed a model to improve smallholder goat enterprises (mostly
managed by women) and assist them to develop local and regional goat milk markets. The model is
suitable for mixed-farming smallholders with up to 2 ha, at least 500 mm/annum rainfall and that grow a
variety of crops (Farm Africa, 2007). It includes the establishment of intensive dairy goat enterprises
with housed goats, on-farm fodder development and conservation, crossbreeding of local goats with an
improver dairy breed, and mapping out market opportunities and developing linkages to viable ones. In
the model, farmer groups, community-based private providers and local NGOs manage all the
necessary support services and inputs. For example, replacement bucks are bred locally at groupmanaged breeding units. In the scaled up intervention, 120 000 goat milk enterprises were targeted for
assistance over ten years. The intervention has increased mean lactation length from 70 days in local
goats to 193 days in crossbred goats, and milk yields from an average of 14 litres to 536 litres per
annum. The intervention would increase net annual income from USD55 to USD424 per family,
improve child, maternal and invalid persons’ milk intake and hence address the widespread vitamin A
deficiency among the poorest families.

Promote sustainable intensification
Building on the notion of yield gaps and the scope for sustainable productivity growth, the concept of
“sustainable intensification” has gained traction as an approach to tackling the conflicting challenges of
producing more food to meet expected demand, while protecting the environment from the
consequences of greater agricultural production in the face of increasing competition for natural
resources. The broad logic of the approach is that if more food is to be produced to meet burgeoning
demand in the face of evident stresses and constraints in the natural asset base, productivity has to be
lifted while improving environmental performance. Boxes 11 and 12 show examples of intensification
in silvo-pastoral systems in Colombia and in goat production in Kenya.
“Sustainable intensification” has been criticized. One major area of concern is the extent to which this
approach fails to adequately address the need to reverse biodiversity loss. This concern is an aspect
of the debate often referred to as “land sharing or land sparing”. Briefly, land sharing and land sparing
sit at either end of a continuum. According to Acton (2014), “a land sparing system involves large,
separate areas of sustainably intensified agriculture and wilderness, whereas land sharing involves a
patchwork of low-intensity agriculture incorporating natural features such as ponds and hedgerows,
rather than keeping agriculture and wilderness separate”. According to some experts, “sustainable
intensification” is defined too weakly and narrowly, and lacks engagement with the core principle of
sustainability, including equitable distribution and individual empowerment (Loos et al., 2014). It is also
criticized for its ambiguity over the role of technologies that rely on genetic modification, its lack of
focus on social and community cohesion and equity objectives, including the importance of a just
allocation of resources, and the extent to which it supports improved animal care. Petersen and Snapp
(2015) consider that differences have arisen over the merits of the sustainable intensification concept
in part because of differences about the extent to which a profound shift is needed in agricultural
production practices. For some, the concept proposes only marginal changes to a system that
continues to increase food production without looking at other aspects of the FSN challenge. For
others, “sustainable intensification” calls for a more dramatic change to agricultural systems that are
responsible for causing significant environmental damage and that leave billions of people mal- or
undernourished.
Box 13 Embracing sustainable intensification
Petersen and Snapp (2015) note this concept has been embraced especially in international agricultural
development by the work of FAO, the CGIAR system, the United Kingdom’s Royal Society, government
agencies such as USAID and non-government actors including the Bill and Melinda Gates Foundation.
“Sustainable intensification” is also being mainstreamed into thinking in the EU in the context of
agricultural policy reform (European Commission, 2015). A recent RISE report provided one definition
of sustainable intensification – only focusing on land – as a “means simultaneously improving the
productivity and environmental management of agricultural land” (RISE Foundation, 2014). In a
practical sense, therefore, the concept is guiding a significant body of research on agricultural
development and food security and has been adopted in the design of programme interventions in
many countries, including in the developed world.
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Godfray (2015) argues that sustainable intensification is essentially “sustainable increases in
productivity from existing agricultural land in response to price signals”. He observes that the word
“intensification” is off-putting for some who associate it intrinsically with high-input industrial farming.
Box 13 provides examples of organizations that have embraced sustainable intensification. Their
support is based on their understanding that encouraging higher productivity is a powerful way to
achieve and sustain higher living standards in the long run. Income transfers (such as social payments
or production subsidies) do not build the economic foundation to support broadly-based increases in
welfare over time; improved productivity does. Sustainable intensification was in fact initially inspired
by the collaboration of academic researchers and smallholders in sub-Saharan Africa in the 1990s,
who together sought to increase agricultural yields while improving social and environmental outcomes
(Pretty, 2007).
Reduce environmental impacts, including GHG emissions
Improving efficiency of resource use will be essential to reduce environmental impacts, including GHG
emissions.
The overall global environmental footprint of the livestock sector is set to increase with the expected
increase in production to meet expected demand; this growth will increase the global footprint even if
the intensity of resource use per unit of output decreases (Revell, 2015).
Mitigation of the livestock sector’s GHG emissions could be achieved by any one or more of the
following: a reduction in production and consumption, an increase in productivity, a shift in the
structure of production towards less emission-intensive livestock species, or technological innovation.
Many technical options to reduce emissions exist, including: better management of feed (see below),
energy conservation, careful use of grazing land and recycling of manure; no or minimum till cropping;
better animal health; and improvements in genetics and animal husbandry practices. These emissions
could be reduced by between 18 and 30 percent if all producers in a given system, region and climate,
adopted appropriate versions of the practices now applied by the 10 to 25 percent of producers with
the lowest emissions intensity in the same system (FAO, 2013a).
Carbon sequestration in soil and biomass (by restoring degraded soils, better adjusting stocking
density and using legumes) also has an important potential for mitigating net emissions from the
livestock sector (Henderson et al., 2015; IPCC, 2014).
Improve animal feed efficiency
Feed is a key limiting factor and often the most expensive input in livestock production. In preindustrial times, livestock keeping was mainly opportunistic, making use of resources unfit for direct
human use, using grazing, crop residues and waste products. With growing affluence and the ability to
produce crop surpluses, livestock production has become demand-driven, a process that is still
evolving. In the context of growing resource scarcities, it can be argued that livestock need to revert to
more resource-driven use, in particular as a converter of by-products and agro-industrial and food
waste. With more standardization of these waste products, their use can be combined with modern
additives, such as enzymes and synthetic amino acids.
In grassland systems, better management of rangeland and increased cut-and-carry and pasture
resources, together with improved feed utilization of crop residues and other agricultural by-products,
all have considerable underexploited potential to improve animal productivity, while also contributing to
the resilience of agro-ecosystems and environmental sustainability (Smith et al., 2013). Plant breeding
technologies can be used to develop faster growing feed varieties as well as dual-purpose varieties
with traits such as drought tolerance, pest resistance or tolerance, higher yields and increased
nutritional value. A useful development, for example, would be in dual-purpose crops that produce
both high grain yields and nutritionally rich residues for livestock.
Apply animal genetic improvement technologies
Technologies to improve management of genetic resources include artificial insemination (AI), which is
widely used worldwide to introduce genetically superior male germplasm. Complementary
technologies such as heat synchronization and semen sexing can improve the efficiency of AI but are
mainly used in developed countries. Multiple ovulation and embryo transfer allow the production of
multiple offspring from superior cows and is now a technique in commercial use. In addition, genetic
markers can be used to breed livestock for important traits such as disease resistance, product quality
and improved productivity. Whole genome sequencing allows the rapid identification and management
of genetic defects that compromise health and welfare. It is possible to obtain targeted modifications of
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genes, using specific enzymes36 in order to turn it off, turn it on and/or edit it, which paves the road for
cost-effective options.
Genomic selection is revolutionary. It allows scientists to predict the genetic value of an animal at birth
using DNA array analysis that contains several tens of thousands of genetic markers. It then allows
increasing genetic progress by using bulls that are very young but that have undergone testing. The
technology bypasses the need for progeny testing on offspring before selection and the renewal of
females is improved since their genetic values are better known than having to rely on performance
and pedigree.
Close nutrient cycles
According to Peyraud et al. (2014), “the closing of nutrient cycles can be envisaged on various scales,
from an individual farm or small agricultural region to the regional or national level. These possibilities
need to be explored from an economic, technical and social point of view”.
Animal manure is an important source of plant nutrients in developing countries and in organic farming
worldwide. Many smallholders in Africa and Asia rely on manure as their only source of fertilizer. The
total amounts of nutrients (nitrogen [N], phosphorus [P] and potassium [K]) in livestock excreta are at
least as large as the total amounts of N, P and K in chemical fertilizers used annually (Menzi et al.,
2010).
When suitably managed, the manure from intensive agricultural production can be a significant source
of nutrients for crop and forage production. In Switzerland, for example, the contribution of livestock
manure to total agricultural fertilizer use is about 60 percent for N, 70 percent for P and over 90
percent for K (Menzi et al., 2010). However, poor manure management is a common problem and has
serious negative effects on the environment. In many parts of the world, environmentally sound
manure management is hindered by the treatment of manure as a waste rather than a nutrient and
energy source and by the lack of environmental legislation and its enforcement. Improved
environmental performance of intensive livestock production systems requires an integrated wholefarming systems approach, together with enforceable environmental legislation. Menzi et al. (2010),
drawing from current trends, suggested that without a change in current practices, the projected
increases in intensive livestock production would double the current environmental burden and
contribute to large-scale ecosystem degradation.
In intensive livestock systems that rely heavily on concentrates, technological advances have the
potential to improve the use of by-products, make available novel food sources (including insects, see
Box 14), remove contaminants from feed (such as mycotoxins) and increase the nutritional values of
feeds.
Reduce food losses and waste (FLW)
It is estimated that nearly one-third of food produced for human consumption is lost or wasted globally,
representing 1.3 billion tonnes per year, with a lower proportion for meat and dairy products (FAO,
2011b). Governments, retailers and other actors in the food system are paying increased attention to
reducing FLW to cut costs and improve the sustainability of food systems. A number of education
campaigns aimed at consumers to reduce FLW in the household have also been launched.
Box 14 The contribution of insects
Insect rearing could be one of the ways to enhance food and feed security (FAO, 2013d). They grow
and reproduce easily, have high feed conversion efficiency (since they are cold-blooded) and can be
reared on bio-waste streams. One kg of insect biomass can be produced from on average 2 kg of feed
biomass (Collavo et al., 2005). Although some studies have been conducted on evaluation of insects,
insect larvae or insect meals as an ingredient in the diets of some animal species, this field is in
infancy. The protein content of insects could range from 40 percent to 60 percent on a dry matter basis,
with protein quality as good as muscle protein. These have been found to be good feed ingredients for
poultry and pig diets. The studies have confirmed that palatability of these alternate feeds to animals is
good and they can replace 25–100 percent of soymeal or fishmeal depending on the animal species.
Source: Makkar et al. (2014).
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Such as Cas9 (CRISPR associated protein 9), an endonuclease associated with Clustered Regularly Interspaced
Palindromic Repeats (CRISPR).
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It has been estimated that reducing the food waste rate by half by 2050 would provide one-quarter of
the gap between anticipated food demand and projected supply (Lipinski et al., 2013). The HLPE
report on FLW in the context of sustainable food systems (HLPE, 2014a) analyses the impacts of FLW
across different dimensions of sustainability and the main causes of FLW.
Attention to losses and waste in the livestock sector can make a useful contribution to sustainable
development, including by ensuring a more efficient use of natural resources, mitigation of GHG
emissions and reducing other environmental damages. It can improve outcomes for FSN. There is
also the potential to capture FLW for feed (most smallholder mixed farms rely heavily on reusing as
much of the nutrition and energy produced on-farm as possible, using animal manure for fertilizer and
household and crop residues for feed).
However, it is important to avoid being too simplistic and promote an understanding of the likely effects
of harnessing FLW for FSN: reducing FLW will have ripple effects in the food system, including
reducing the demand for purchased food, which could put downward pressure on prices and
incentives to produce and invest (Koester, 2015; Revell, 2015).

4.2.2 Strengthen resilience
Strengthening resilience to environmental, economic, financial and animal disease shocks can also
improve resource efficiency.
Strengthen resilience through agro-ecological practices
Agro-ecological practices can contribute to strengthened resilience. Though variously defined, agroecological approaches are gaining traction among parts of the scientific community, as well as in some
developing and developed countries, and in some international agencies, including FAO and UNEP.
FAO hosted a series of regional conferences on agro-ecology following a two-day international
symposium in Rome in September 2014. A recent report produced by IPES-Food (2016) calls for a
necessary shift from “industrial agriculture” to “diversified agro-ecological systems”. The worldwide
association of peasant organizations, La Via Campesina (LVC), has made agro-ecology a cornerstone
of its advocacy and educational work.
Agro-ecology has been articulated as an interdisciplinary field of knowledge involving a set of concepts
and principles oriented towards the design and management of sustainable ecosystems (Altieri, 1995).
It takes a holistic approach and has become closely, though not systematically, linked to the food
sovereignty and rights frameworks, emphasizing the fundamental role of ecosystems in maintaining
sustainable agriculture in the long run as well as the importance of connecting rural communities to
local food chains.
Agro-ecology starts from a strong critique of the negative consequences of industrial agriculture for the
environment and human health, including the degradation of land, the loss of plant and animal species
diversity, the increasing susceptibility of crops and animals to diseases, the damage caused by
pesticides on soil, water and human health, the strong dependency of industrial food systems on fossil
fuels and the loss of livelihoods associated with industrial agricultural systems (Wibbelman et al.,
2013). Agro-ecology is oriented towards the social and ecological management of agro-ecosystems
based on the principles of sustainability, integrity, productivity, equity and stability (Conway, 1987;
Marten, 1988). According to Gliessman (1997), the term agro-ecology arose in the 1930s, coined by
researchers who sought to apply ecology to crop production methods. Subsequently, various
researchers who sought to establish connections between ecology and agronomy picked up the term
(Wezel and Soldat, 2009; Wezel et al., 2009; Gliessman, 1997). Since the 1970s, a conceptual
framework and methodological tools for agro-ecology have been developed, drawing on knowledge
from farmers, pastoralists, and indigenous people in different environmental contexts (Altieri, 1987;
Gliessman, 1997; Hetch, 2002).
Drawing on Altieri (1995) and Gliessman (2014), de Schutter (2010) describes agro-ecology as both a
science and a set of practices. “Core principles of agro-ecology include recycling nutrients and energy
on the farm, rather than introducing external inputs; integrating crops and livestock; diversifying
species and genetic resources in agro-ecosystems over time and space; and focusing on interactions
and productivity across the agricultural system rather than individual species. Agro-ecology is highly
knowledge intensive, based on techniques that are not delivered top down but developed on the basis
of farmers’ knowledge and experimentation.” According to Francis et al. (2003), agro-ecology
encompasses “the integrated study of the ecology of the agro-food system as a whole, including their
ecological, economic and social dimensions”. The social and economic sustainability of agro90

ecosystems also depends on the integration of concerns such as population density, gender
dynamics, labour availability, human health, social organization, prices and markets, knowledge and
technology.
Agro-ecology does not just introduce new substance to the practice of agriculture; it introduces new
methodologies and a broad definition of knowledge as well. Agro-ecological research emphasizes the
importance of the interfaces between disciplines and the integration of rapidly changing knowledge in
many fields (Caron et al., 2014). It is rooted in participatory approaches, and many agro-ecologists see
the strengthening of local organizations and of farmer and local community control over the means
and processes of production and the organization and dynamics of food systems at different scales as
a core component of the science (Anderson et al., 2015).
From a scientific and technical perspective, agro-ecology applies ecological concepts and principles to
farming systems (Tittonell, 2014), focusing on the interactions between plants, animals, humans and
the environment, to foster SAD in order to ensure FSN for all, now and in the future. Today’s more
transformative visions of agro-ecology integrate transdisciplinary knowledge, farmers’ practices and
social movements while recognizing their mutual dependence (Anderson et al., 2015; Nyéleni, 2015).
Developments of agro-ecology in selected countries are shown in Box 15.
The concept of agro-ecology invites an interaction among various forms of knowledge, through a
transdisciplinary, participatory and action-oriented approach (Mendez et al., 2015), that engages both
scientists and practitioners, with special attention to traditional and local knowledge.
An important line of innovation in agricultural research concerns the application of systemic
approaches to farming systems evaluation and management at different levels, in an effort to link
agriculture, conservation and FSN. This broad category of research includes efforts related to: the
conservation and management of biodiversity in agro-ecosystems; participatory plant and animal
breeding applied to the development of agro-ecological systems; the ecological intensification of
livestock systems; development and application of sustainability indicators and the development of
approaches linking biodiversity and nutrition in the construction of local food systems.
Apply novel approaches to animal health
Animal health is a clear area where resilience and efficiency are linked. Technical interventions to
improve animal health contribute to increasing productivity. A number of promising innovations exist.
For example, technologies that make vaccines heat-stable eliminate the need for a cold storage chain,
which improves delivery and increases the uptake of existing vaccines in countries where cold storage
chains are expensive or non-existent. Multiple-dose vaccines are another innovation that reduces the
cost and increases the protection offered by vaccines.
Intensive systems rely on vaccines to keep animals healthy when they are raised in high-density
facilities such as CAFOs, where proximity and genetic similarity create a constant risk for widespread
disease outbreaks. However, infectious diseases are still responsible for substantial losses as well as
the contamination of livestock products with disease-bearing bacteria such as salmonella. New
vaccines could further limit these costs and risks. Recombinant vaccines offer advantages over
traditional vaccines in specificity, stability and safety.
Box 15 The development of agro-ecology in selected countries
In France, in the bill for the future of agriculture, food and forestry (law No. 2014-1170 of 13 October
2014), agro-ecology is considered as a way to implement the transition towards agricultural practices
that ensures both a better environmental and a better economic performance of the agriculture sector.
The bill includes an action plan to implement this transformation of agriculture.
In Brazil, the National Policy of Agroecology and Organic Production has been implemented since
2012, with the participation of producers, government and civil society organizations. The promotion of
food sovereignty and FSN, the sustainable use of natural resources, the structuring of sustainable and
equitable consumption and distribution systems, the conservation and sustainable use of biodiversity,
gender equity and the involvement of rural youth in agro-ecology and organic production are all
incorporated as policy goals under the policy. Goals, strategies and investments in different policy
areas (including production, knowledge and markets) are monitored through the National Plans of
Agroecology and Organic Production, which are renewed every four years.
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Vaccination can be more widely employed in disease control if it is possible to distinguish vaccinated
from infected animals. New Differentiating Infected from Vaccinated Animals (DIVA) vaccines allow
this, which means movement restrictions, necessary for infected animals, can be loosened for
vaccinated animals. Disease control is also facilitated by diagnostics. Molecular diagnostics are
already widely used in some countries, and further innovations can increase their coverage and
decrease their cost. The development of farm-level diagnostics, such as in-line milk testers, can also
lead to more timely diagnosis of diseases and more effective treatments for sick animals. Currently,
animal therapeutics, especially antimicrobials, are often used prophylactically and with inadequate
regulation, and are widely blamed for an increase in resistance.
Adapt to climate change Livestock in itself can be a way to build resilience and adapt to changing
conditions. It can be used as a diversification and a risk management strategy in case of crop failure.
In some regions, changing systems from crop to mixed crop–livestock or to livestock systems will be a
key adaptation strategy (Jones and Thornton, 2009).
The adaptive capacity of livestock systems depend on multiple parameters, including choice of
species and breeds, housing, especially for intensive systems, availability of alternative feed
resources, the accessibility of animals (health/extension services), the type/efficiency of response to
outbreaks (surveillance, compensation schemes, etc.) and the household wealth status (ICEM, 2013).
Selection of livestock but also of feed crops and forages is a major component of building resilience to
climate change. Many livestock breeds are already well adapted to high temperatures and harsh
environments (FAO, 2016b). They need to be characterized and improved in structured breeding
programmes (Madalena, 2008), targeting adaptive traits in high output and performance traits in locally
adapted breeds.
Systemic adaptation measures include grassland restoration or diversification in composition,
agroforestry with fodder trees and legume shrubs to provide alternate feed resources, shade and
retain water, or animal and feed mobility (FAO, 2016b).
Protect and manage genetic resources
Breeding strategies and programmes for plants and animals need to be strengthened (FAO, 2015c).
They will have to address multiple objectives: not only improve productivity, but also adapt to climate
change and to a wide diversity of feeding resources and, more generally, of environmental, economic
and social conditions. Especially for animal genetic resources, which are often more difficult to
conserve ex-situ, there is a need to expand and diversify conservation programmes both in-situ and in
gene banks; to recognize and protect traditional and indigenous knowledge; to facilitate creation and
transfer of knowledge and technologies relative to the management of livestock genetic resources.
Access to genetic resources, and to the related knowledge, should be facilitated, in particular for
smallholders, marginalized populations and indigenous people. The development of institutional
frameworks at different levels could help to reach those objectives.

4.2.3 Secure social equity/responsibility
The term “social equity-responsibility” as understood in this report includes a wide range of social and
ethical issues with varying priority across countries and contexts: income distribution, social protection,
human rights, gender, tenure and property rights, social discrimination and marginalization. It includes
the responsibility of all actors (individual, corporate, collective) to safeguard the environment, to
protect human health and well-being, and improve animal welfare.
Social equity/responsibility, including issues of cultural integrity, is one of the most wide-ranging,
challenging and politically sensitive areas of sustainability, although often overlooked. These social
and cultural issues are embedded in historical, legal and cultural traditions, and in the overarching
notion of universal human rights.
The norms and practices of social equity/responsibility, and the priorities for intervention, differ across
countries and communities and over time. They form possibly the most diverse and context-specific of
the categories of sustainability attributes. They include norms and practices that relate to issues as
sensitive and as wide-ranging as access to land, seeds and other productive resources; the use of
child labour; the division of labour by gender or social groups; and attitudes concerning the adoption of
new technologies. These norms and practices can be enforced – and also undermined or changed –
by regulation and law, by community practice, by informal relationships, by religious institutions, and
by political and economic power.
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In recent years, international organizations have worked to better define the notion of social
responsibility through political guidelines. The CFS has elaborated Principles for Responsible
Investment in Agriculture and Food Systems (RAI), and the CFS Voluntary Guidelines on the
Responsible Governance of Tenure of Land, Fisheries and Forests in the Context of National Food
Security (VGGT).37 OECD and FAO, building on those CFS products and other existing international
standards and principles, have just released this year a Guidance for Responsible Agricultural Supply
Chains (OECD/FAO, 2016) to help enterprises observe existing standards for responsible business
conduct along agricultural supply chains.
While it is important, it is also often difficult to evaluate progress towards social equity/responsibility in
contributing to SAD in a measurable and comparative way. All actors in the food system must direct
themselves to social equity/responsibility issues and to understanding the implications of agricultural
development policies and programmes on social outcomes.
Develop social protection systems
The HLPE report, Social Protection for Food Security (2012), grounded in a human rights based
approach, shows the powerful synergies between social protection and food security, especially for
vulnerable people. It reviews a wide range of social protection instruments and calls for
comprehensive social protection strategies at household, national and international levels.
The HLPE report, Investing in Smallholder Agriculture for Food Security (2013a), also showed the
particular importance of social protection programmes for smallholders farmers, which act as a safety
net and are a key component in the Right to Food entitlement. They are part of the means of
intervention to improve health and nutrition and also allow smallholders to invest more in productive
activities with potentially better outcomes. These supports, properly designed and implemented,
provide essential services to family farmers and reduce the de-capitalization process, from which it is
often difficult to recover. Social protection programmes can contribute to appropriate risk management
strategies that will also strengthen the resilience of smallholders and family farms.
Improve working conditions in the agriculture sector
Agriculture is a sector in which a significant proportion of jobs remain informal. Even in the formal
sector, progress is still needed to define working conditions and protect workers’ rights through formal
written contracts. In South Africa for instance, in 2014, while over 92 percent of workers with
employment of a permanent nature and 80.8 percent of workers with employment of a limited duration
have written employment contracts, only 46.4 of workers were entitled to paid vacation leave, and 35
percent to paid sick leave (Visser and Ferrer, 2015).
Agriculture is one of the most hazardous sectors in both developing and developed countries.
Increasing attention is being given to applying practical actions in agricultural and rural settings to
reduce work-related accidents and diseases, improve living conditions and increase productivity.
Reports from many countries have shown the feasibility and effectiveness of ergonomic innovations
that have improved working and living conditions in agricultural and rural settings. Building on these
good examples, the International Labour Organization published a manual presenting practical and
concrete solutions for improvements in agricultural work and rural life from an ergonomics point of
view (ILO, 2014).
Agriculture, in many countries, is historically and traditionally, an under-regulated sector and one in
which regulation enforcement is also difficult (FAO, 2013a). In South Africa, it was only after the
adoption of the Labour Relation Act (LRA) in 1995 and of the Basic Conditions of Employment Act
(BCEA) in 1997 that farmworkers became eligible for the same rights as other workers (Visser and
Ferrer, 2015). Nonetheless legislation and law enforcement are major tools to improve the working
conditions in the agriculture sector and Box 16 shows that some progress has been made in recent
decades in some countries.
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RAI and VGGT are available on the CFS Web site: http://www.fao.org/cfs/cfs-home/products/en/

93

Box 16 Working conditions in the meat processing industry
On 19 April 2013, an Ordinance of the Brazilian Ministry of Labour created the Regulatory Standard
NR36.38 The regulatory standard was the result of a long negotiation with Brazilian workers’
organizations. This new standard aims to improve workers’ safety in slaughterhouses and the
processing meat industry. It seeks to prevent and reduce occupational illnesses and accidents
through detailed regulation covering workplace infrastructure, ergonomic and temporal organization of
the work, environmental conditions in the workplace, risk management and prevention, and
occupational health medical control.
In Argentina, ILO conventions No. 155 and 187 (concerning Occupational Safety and Health) have
been incorporated in national legislation in 2011 (by laws No. 26693 and 26694). More recently, the
government has adopted the “Occupational Safety and Health Argentine Strategy 2011–2015”.
Concerning more specifically the poultry, cold meat and meat industry, Argentina established a
special retirement regime adapted to the hard working conditions in this sector and, for the same
reason, a specific Collective Agreement (No. 607/2010) covers the meat and poultry industry workers.

Improve animal welfare
Animal welfare is linked to economic development and the education, cultural practices, religious
beliefs and knowledge of farmers. Improving animal welfare can contribute to both resilience and
resource efficiency, as illustrated in Box 17.
Innovations around improved housing and care of animals can improve productivity as well as human
and animal welfare. For example, robotic milking is in use in thousands of farms and is thought to
improve welfare by allowing the cow to choose when to be milked. Financial mechanisms for
agricultural funding have begun to endorse the importance of animal welfare: the European Bank for
Reconstruction and Development included animal welfare (defined in relation to EU animal welfare
legislation) in its lending standards in 2014, while the UN Committee on Food Security’s Responsible
Agricultural Investment Principles also highlight the importance of animal welfare. The World
Bank/International Finance Corporation’s Good Practice Note on Animal Welfare provides detailed
recommendations (IFC, 2014).
Box 17 Animal welfare: contributing to resilience and resource efficiency
NGOs including World Animal Protection (WAP, 2014b) work closely with the industry to integrate
animal welfare into livestock practices, lending their animal welfare expertise and working pragmatically
to develop good welfare solutions and promote them within the wider international community.
WAP has worked with major multinational producers to introduce humane slaughter methods in Brazil
and China, training over 5 000 professionals to date. Partnerships between WAP and the Brazilian
Ministry of Agriculture (MAPA) have been recognized by the European Commission as enabling
capacity building to meet European import standards. The reduction of production losses following
humane slaughter has delivered benefits for the industry. In one Brazilian slaughter plant, a
multinational processor was able to significantly reduce risk of injury and damage and to exceed its
targets. In China, one of the largest-scale producers reduced production losses from 12 percent to 8
percent and fractures from 1.7 percent to 1.0 percent of animals, and reduced carcass loss from 0.5 kg
to 0.2 kg per carcass. Improving animal welfare throughout production and slaughter has made good
economic sense. In Uruguay, research showed that 48 percent of carcasses ended up with at least one
lesion, with bruising leading to losses of 2 kg of meat per carcass. If extrapolated across the country,
this equated to USD100 million annually, or 3 000 tonnes of meat. In a similar Brazilian study, better
handling reduced carcass bruising from 20 percent to 1 percent (Appleby and Huertas, 2011). The
biggest welfare wins can be achieved on farm, where animals spend most of their time. For example,
moving from close confinement systems such as sow stalls (gestation crates) to group housing
systems, and cage-free rather than battery cage layer hen production. Alongside legislative
requirements in the EU, many large food companies now require commitments to phase in improved
animal welfare in their supply chains, including major food service multinationals and producers.

38

94

Regulatory Standard NR36 - Health and Safety at work in slaughter houses and processing meat and derivatives.
Available at: http://www.braziliannr.com/brazilian-regulatory-standards/nr36-health-and-safety-at-work-in-slaughterhouses-and-processing-meat-and-derivatives/ (accessed June 2016).

4.2.4 Controversies around solutions
Choice of solutions from a wide range of competing concepts
Solutions to contribute to SAD have been variously encapsulated in a range of approaches, some of
which are reviewed above, including sustainable intensification, save and grow, climate-smart
agriculture, biotechnologies, conservation agriculture, ecological intensification, agro-ecology and
organic farming. They differ in their degree of prescription as to the technical orientation they entail
(some of them are more focused on practical solutions). They all derive from the need for a shift
towards more resource efficiency and care for natural resource use, and a greater reliance on natural
processes for farming, such as plant, field and landscape level ecosystem processes. However, while
some approaches take a narrow, farm-centred approach, others look at farming systems within a
wider socio-economic-environmental context. This multiplicity of seemingly competing concepts can
entail confusion and debate, for instance between sustainable intensification and agro-ecology. But in
terms of practical action at the farm level, there might be considerable overlap among these
approaches.
Farm scale and appropriate technological options
The issue of the farm scale that is best suited to sustainable solutions is a recurring debate (HLPE,
2013a). Some argue that small-scale, mixed-farming systems using traditional practices and
knowledge, strongly integrated with rural communities and respecting natural resource cycles (such as
for nitrogen and carbon), are more sustainable in the long run. Others argue that sustainability is
enhanced on large-scale farms, which benefit from economies of scale in their use of resources and
are better able to harness the latest knowledge and technologies and to address environmental
problems. For them, the viability of livelihoods on small-scale farms is precarious, especially in
competition with larger farms in an open market system while efforts to cut costs on large-scale farms
often target labour costs to the detriment of available employment (for example, with the adoption of
fully automated milking or meat packing).
This report argues that technologies for sustainable agriculture need to cover the whole spectrum of
farming systems and be tailored to particular circumstances and contexts. According to an OECD
study, “All farming systems, from intensive conventional farming to organic farming, have the potential
to be locally sustainable. Whether they are in practice depends on farmers adopting the appropriate
technology and management practices in the specific agro-ecological environment within the right
policy framework. There is no unique system that can be identified as sustainable, and no single path
to sustainability…However, it is important to recognise that most sustainable farming systems – even
extensive systems – require a high level of farmer skills and management to operate” (OECD, 2001).
Many of the actions require knowledge and financial resources by farmers, and infrastructure to
protect against collective shocks (such as drought and flooding). However, the “tipping points” beyond
which the ecosystems on which agriculture depends cannot recover, are not always clearly known.
Nor are the long-term impacts of new technologies easy to predict. There are trade-offs, encapsulated
in the debate on the application of the precautionary principle, in finding a balance between riskaverse caution and risk-taking, as well as striking a balance between maintaining farmers and rural
communities and facilitating adjustment over time to contribute to FSN. But, in all cases, risk
assessment and impact evaluation are necessary to better inform possible technological choices.
Risks and benefits associated with technological developments presented in this section are
controversial issues. Arguments in defense of a strong interpretation of the precautionary principle to
technological innovations in agriculture and food processing relate to potential uncertainties and
knowledge gaps with regard to the impacts of technological innovations, including genetic engineering,
on ecosystems and human health. In this perspective, the possible hazardous effects of discrete
technologies should be evaluated through the application of systemic approaches to risk assessment
(weighing benefits and harm) in the context of the wide variability of ecosystems and social settings.
Production methods unacceptable to some stakeholders
Recent decades have seen a growth in ethical consumerism, especially in developed countries,
whereby consumers are encouraged to use their purchasing habits to express their beliefs, values and
preferences. In response to this, various initiatives have arisen to provide, advertise and sometimes
certify ASF that meet given criteria. Such criteria include for instance: fair trade; locally produced;
animal welfare friendly; organic; GMO-free; antibiotic free; bird friendly; or respectful of the
deforestation moratorium. Most people would argue that the public should make informed choices
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about issues that are of concern to them. A challenge is that the proliferation of labels, many of them
managed by the private sector, can confuse consumers and can have unwanted negative effects,
including excluding smallholders from markets because they are unable to afford certification.
As shown in Chapter 2, while there is still a long way to go to eliminate hunger and malnutrition, the
world has substantially reduced the incidence of hunger over the last decades. That progress can
largely be attributed to scientific and technological advances applied to agricultural and food
production, including irrigation, hybrid seeds and the application of inorganic fertilizers, together with
advances in medicine and sanitation. Proponents of biotechnology foods argue they are similarly
placed to increase agricultural productivity, improve the nutritional quality of food, reduce
environmental harm, rehabilitate degraded lands and reduce waste. A number of impact assessment
studies of these technologies have been largely positive (Klümper and Qaim, 2014). At the same time,
however, critics of biotechnologies cite concerns about currently unknown cumulative or long-term
harmful effects, including the implications of genetically modified organisms (GMOs) “escaping” into
the environment through cross-pollination and the unintentional transfer of allergens into new foods
(Buiatti et al., 2013).
The IAASTD (2009) concluded – controversially in the view of some governments – that the
biotechnologies now in commercial distribution are not designed to solve the problems faced by the
majority of the world’s farmers. The technologies are expensive, and linked to specific inputs that have
to be purchased off-farm. The extensive use of private patents – and the companies’ rigid enforcement
of those patents – precludes the possibility of collective learning and adaptation, unlike the experience
with the green revolution technologies, which were developed in the public domain.
Consumers may have a greater fear of novel technologies used in food value chains than most
experts consider warranted by the actual health risk. These technologies include: the addition of
chemicals in food, for example as preservatives; the use of GMOs; and the use of irradiation for food
preservation. Risk perception is complex and driven only partly by factual evidence. Food technologies
often involve “fear factors” that make them seem more worrisome than other much greater risks – for
example, travelling by car (Slovic, 2010). The factors include distrust of large companies, dislike of
“unnatural” processes and uncertainty over unfamiliar dangers. The tension between consumer and
expert opinions and between food access, quality and preferred production methods are also areas
where risk assessment and impact evaluation can help to inform the debate on sustainable
agriculture.39

4.3 Enabling SAD solutions and responses
An enabling environment for SAD is crucial. This environment includes formal and informal
governance and institutions, legal arrangements, infrastructure, research and development, and the
respective roles assigned to markets, public policies and regulations. This complex environment varies
hugely across countries, reflecting different histories, cultural norms and expectations for the future.
The solutions and responses to move towards SAD involve not only policies and actions that are
targeted to the agriculture sector, but also those that are cross-sectoral and economy-wide.

4.3.1 Investing in agriculture as an overall economic priority
Many studies have shown agricultural growth to be more effective than growth in other sectors for
reducing extreme poverty (Christiaensen et al., 2011; Fan et al., 2007, Anderson et al., 2011).
The WDR 2008 (IBRD/World Bank, 2007) observed the past neglect of the agriculture sector as a
driver of growth and poverty reduction in developing countries. The WDR focused strongly on
investing in agriculture to sustain economic growth and generate employment, including outside of
agriculture, as a key driver to benefit the poor and ensure their access to adequate food. Given that
most of the poor people live in rural areas, in particular in low-income countries, integrating agriculture
and the food sector into rural development strategies is seen as an essential pre-condition for food
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Expert opinion is generally the result of scientific consensus that, although the best guide for evidence-based advice,
is liable to revision as the result of new research. For some issues (e.g. vaccination) there is no scientific justification
for the public concern over safety. For other important issues, including chemicals and GM foods, a minority of the
science community shares the concerns over safety commonly held by non-experts. In this report, we have followed
the prevailing scientific consensus, while recognizing that this can evolve in line with newer evidence.

security. The last food price crisis (2007–2008) raised awareness of the importance of private and
public investments in agriculture and in rural infrastructures to foster agricultural development.
The HLPE (2013a), focusing on the specific roles of smallholder agriculture in achieving food security
and sustainable development, explains why investment in agriculture should not neglect smallholder
farming systems, which produce a significant part of the food consumed in developing countries and
provide jobs to many rural poor.

4.3.2 Role and limits of markets
Two contrasting and overarching approaches to improve SAD for FSN are market orientation and food
sovereignty.
Market orientation
Orienting agricultural development and food policy towards markets is the approach reflected in much
of the mainstream economic and scientific literature, in the policies and investments of international
governmental organizations, and in the agricultural policies and development programmes of many
governments.
The WDR (IBRD/World Bank, 2007) recommended stimulating growth in poor rural communities by
harnessing markets to lift productivity on farms and in associated rural enterprises. At the same time,
the WDR report proposed a major role for governments as providers of support for public
infrastructure, investors in human capital and environmental improvements, and providers of targeted
social protection for the most vulnerable people.
Anderson et al. (2011) undertook exhaustive research that showed a strong positive relationship at the
national level between trade liberalization and income growth. The same research showed an even
stronger relationship between trade liberalization and poverty reduction in developing countries. The
research suggested that the benefits for developing countries in global trade liberalization would come
from reducing domestic subsidies and border protection measures (such as tariffs), especially in
developed countries. Such findings support the argument that access to food would be strengthened
by reforms of export and import measures to further open markets. A study by several IGOs
(FAO/OECD, 2014) – which included contributions from the Asian Development Bank, IFAD, the
International Labour Organization (ILO), the International Food Policy Research Institute (IFPRI) and
WTO – focused specifically on the links between growth and food security. That study found that “food
security is causally linked to economic growth and employment and the two-way linkages are mutually
reinforcing”.
Nonetheless, there is strong evidence that a good outcome for poverty and FSN requires policy
measures to deal with externalities, market failures and to compensate the losers from liberalization,
especially in the short term and for groups directly hurt by relative price changes (Ravallion and Datt,
1996; HLPE, 2011a, 2012; Fan, 2010). Trade liberalization does not necessarily result in national
welfare increases, especially in very-low-income countries. It can have mixed impacts on poor
households even when it leads over time to higher incomes and poverty reduction on average (World
Bank, 2005). Other research points to the importance of taking account of the specific circumstances
of countries in designing growth strategies and policy reforms (Hausmann et al., 2005). Most
economic schools of thought that are favourable to market orientation nevertheless favour phased
liberalization in agriculture to boost growth, employment and incomes. They suggest governments
invest in complementary policy measures that are targeted closely to those who are most vulnerable to
the changes. They also recommend public investment in research and extension, transport and
market infrastructure, and access to credit at reasonable rates of interest. Social protection, education
and health services targeted directly to the poor are all also important to support equitable distribution
of any gains from trade.
The contested policy arena that surrounds trade and FSN is not short of studies. Researchers have
explored how various degrees of trade openness perform against various indicators of well-being,
including FSN. Reviews of studies (e.g. FAO, 2006d; McCorriston et al., 2013) have shown mixed
results as to the linkages among trade liberalization, economic growth and FSN. Out of 34 studies
reviewed, 13 reported that trade liberalization and economic growth would improve food security, 10
that it would lead to FSN decline, and the remaining 11 reported mixed outcomes. The results depend
very much on the nature and extent of trade liberalization, the socio-economic context, and the
assumptions made by the researchers in the modelling exercises.
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Díaz-Bonilla (2015) points to the variety and complexity of the links between trade and FSN. His work
shows the importance of the contextual and structural characteristics of national economies as well as
the need to understand the global economy. A number of factors need to be understood to develop
good policy, including land use, gender differences, concentration levels in product and input markets,
and trade patterns. Promising policy responses include attention to opportunities for smallholders and
family farms, and interventions to promote social equity, to protect rights to land and water, and to
support the proper functioning of land, credit, input and product markets.
While there is wide agreement that market liberalization alone will not suffice and that governments
should also implement carefully designed, context-specific supporting measures for FSN, there are
also different views about which policies will have the best results. Among the most controversial
interventions are those that have a significant effect on prices, such as public procurement at
administered (rather than market) prices. The difficulty of reaching agreement in the WTO negotiations
is a reflection of the different positions among countries on whether and how trade rules should be
adapted to allow for various support and protection measures that governments consider to be
important for their national FSN strategies.
Food sovereignty
Food sovereignty is a term first widely used by LVC, which defines itself as a movement of peasant
and farmers organizations that rejects the orientation towards agricultural trade liberalization taken by
government negotiators in the General Agreement on Tariffs and Trade (GATT) Uruguay Round
(Wittman et al., 2010). Food sovereignty asserts the right of nations to control their food systems,
including whether and how to engage in international markets (though very few food sovereignty
advocates reject trade per se). LVC first attracted international attention to the term “food sovereignty”
at the World Food Summit in Rome in 1996.
An extensive academic literature on food sovereignty has developed since 1996, building on the ideas
pioneered by LVC. The food sovereignty movement anchors its vision for the sustainable development
of agriculture in an agro-ecological interdisciplinary approach; agro-ecology is “now considered a twin
pillar of food sovereignty … a practical method for building food sovereignty at farm scale” (Shattuck et
al., 2015). The food sovereignty movement has come to include a broad network of civil society
organizations around the world, as well as local governments and some national governments that
have enacted legislation embracing the principles of food sovereignty (Bernstein et al., 2009; Lambek
et al., 2014).
There are diverse views and continuing debates within the food sovereignty movement, which spans
political activists, academics and practitioners who seek to apply a food sovereignty approach to
sustainable agriculture in rural communities across the world. At its centre, food sovereignty is
committed to radical change in the structures and power relationships embedded in current agri-food
systems, including industrial methods of production. Food sovereignty favours localized food
production and markets with short distribution chains, supports an ethics of responsible production and
consumption, and promotes agro-ecological agricultural practices that draw from traditional knowledge
and practices while not rejecting modern science. This vision for agro-ecology prefers to limit the use
of externally purchased inputs and is critical of biotechnology-driven innovations, in particular the use
of genetic modification.
In contrast with the market-oriented framework, proponents of food sovereignty tend to be sceptical
about the role of markets in driving SAD, especially international markets (Burnett and Murphy, 2014).
They put less emphasis on the “productivity revolution” and the structural transformation described in
Chapter 2 and envisage the retention or recovery of traditional farming structures. They also favour
technologies that enhance ecologically-based productivity growth that evolve through participatory
engagement between farmer networks and external experts, with the possibility of scaling up of results
(Lee, 2013; Shattuck et al., 2015; Edelman et al., 2014; Bernstein, 2014; Wittman et al., 2010). While
food sovereignty advocates see opportunities to increase production sustainably using agro-ecological
practices, they favour techniques that make use of the abundant labour in many developing countries.
They tend not to measure productivity on a per hectare output of a single crop basis but rather to look
at the overall diverse productivity of a given area of land. Food sovereignty discourse emphasizes the
need for policies and programmes that distribute food more fairly within and between countries and
communities, as well as a transition to healthier diets with a lower environmental footprint and less
food losses and waste. There is also a strong emphasis in food sovereignty writing on the social and
cultural dimensions of sustainable development, including the rights of women and disadvantaged
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groups, the role of community organizations and more “direct democracy and greater citizen
participation in framing policies” (Pimbert, 2009).
Beyond those core concepts, there is a proliferation of definitions of food sovereignty. A founding
member of LVC, Paul Nicholson, describes food sovereignty as the “principal alternative presented
against capitalism” (Shattuck et al., 2015). Bernstein (2014) describes the movement’s framing as a
“comprehensive attack on corporatized agriculture and its ecological consequences”. There are also
challenges to food sovereignty. Recent food sovereignty thinking focuses on local or community rights
to self-determination about what food is produced and how, potentially creating tensions with national
authorities about which level of government should have the primary role and raising the challenge of
how to settle differences among communities in a movement with no formal organizational structure
(Agarwal, 2014; Patel, 2009). Others have raised questions about the practicality of achieving desired
increases in food production through small-scale, labour-intensive and low-input agriculture and the
claimed merits of “the peasant way” in the context of globalization and incorporation of agriculture into
more industrial systems (Bernstein, 2014; Collier, 2008). Some note the need for food sovereignty to
engage in debates on international trade regulation given the importance of trade for most small
states, whether agricultural exporters, food importers, or – as is the case of many LDCs – both at the
same time (Burnett and Murphy, 2014).

4.3.3 Diversification and integration
Diversity in agriculture is the result of the co-evolution, in time and space, of human societies and
ecosystems (Ploeg and Ventura, 2014). The heterogeneity of farming systems reflects the diversity of
social, economic and ecological responses to changing conditions in different geographical and
political settings over time (Ploeg, 2010). In the past 50 years or so, however, there has been a strong
trend towards the specialization of agricultural production systems. Since the 1900s, some 75 percent
of plant genetic diversity has been lost as farmers worldwide have discarded their multiple local
varieties and landraces for genetically uniform, high-yielding varieties. Seventy-five percent of the
world’s food is generated from only 12 plants and five animal species (FAO, 1999). Despite greater
awareness of the risk that biodiversity loss poses today, the trend has not stopped. The proportion of
the world’s livestock breeds classified as being at risk of extinction increased from 15 percent to 17
percent between 2005 and 2014 (FAO, 2015c).
The loss of biological diversity and the knowledge systems linked to agriculture based on multiple
crops puts farming systems at increased risk of failure in a context of global environmental and
economic changes, including climate change. It also undermines the potential to achieve diverse,
nutritious diets worldwide. Diversification strategies are necessary to rebuild resilience in the face of
this uncertainty and to ensure SAD for FSN for all.
Diversifying production from farm- to system-level
In 2013, at the global level, maize, wheat and rice, the three major crops, represented 40 percent of
the total arable land (FAOSTAT). Yet the world has at least 12 650 edible plant species, about 7 000
of which having been used to a significant extent by humans at some point in time (Kahane et al.,
2013). Several crops of great nutritional and economic importance, especially for smallholders, are on
the decline and receive little attention from commercial plant breeders, including: cereals such as
sorghum and millets; roots and tubers including cassava, yam and sweet potato; and pulses including
cowpea, common bean, chickpea, pigeon pea, and groundnut. These are often referred to as “orphan
crops”. Breeding for orphan crops is lagging behind major crops although they are staple food crops in
many low-income countries.
Crop diversification can improve resilience and resource efficiency, yield stability and productivity.
Diversified production, including with local varieties or multiple cropping at farm level, can also provide
ecological and economic resilience. It constitutes a hedging strategy in the face of multiple risks,
including the risk of crop failure and of uncertain prices. The instability created by climate change
increases the importance of such resilience. Crop rotations and diversity on farm can be used to
control weeds, pathogens and insect pests. Pulses in particular bring several benefits when introduced
in crop rotations or in intercropping, such as increased soil fertility and nutrient cycling, due to their
ability to fix nitrogen and free phosphorus in the soil. Optimum diversity may be obtained by integrating
both crops and livestock in the same farming operation. Evidence from smallholder farm households in
Indonesia, Kenya, Ethiopia and Malawi shows that diversifying production on smallholder farms
significantly contributes to dietary quality and diversity, complementing the core strategy of improving
small farmers’ access to markets (Sibathu et al., 2015). Agricultural policies, and public support for
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farm investments and market development, should take these findings on the importance of production
diversity into account.
Integration of crop and livestock was the common practice for centuries until the mid-1900s when
technology, government policy and economics pushed farms to become more specialized. Mixed crop
and livestock operations have several advantages. First, growing row crops only on more level land,
with pasture or forages on steeper slopes, will reduce soil erosion. Second, pasture and forage crops
in rotation enhance soil quality and reduce erosion; livestock manure, in turn, contributes to soil
fertility. Third, livestock can valorize crop residues and buffer the negative impacts of low rainfall
periods by consuming crops that in "plant only" systems would have been considered crop failures.
Finally, opportunistic systems can benefit from flexible sources of feed and, to a certain extent, buffer
volatility. This can help cushion farmers against trade and price fluctuations and, in conjunction with
cropping operations, can help make more efficient use of farm labour.40 As it can be difficult for
specialized crop farms to revert to more integrated, mixed systems, given the daily work constraints
related to livestock, crop–livestock integration can also, in some regions, be considered and
implemented at a broader landscape or territorial level.
Internalizing externalities
The practices actually adopted on farm will be primarily driven by the farm household’s need for
financial viability, as well as long-term survival and the need to comply with regulations and with
behavioural norms. Farmers, however, often fail to take into account the effects of their farm practices
for which there is no financial remuneration. This is true for many public goods, such as carbon
sequestration in soils, or preserving habitats for wildlife, as well as for public bads, such as polluting
watercourses or harming biodiversity, for which there is no penalty. These market failures compromise
SAD.
Many on-farm practices implicitly acknowledge the need to protect and conserve natural resources
and ecosystems. Market-oriented approaches have proposed methodologies to create market-based
instruments such as pollution charges, remuneration for ecosystem services provision, and better
pricing of scarce natural resources to better internalize negative environmental externalities in
agriculture. Other policy options to internalize externalities associated directly or indirectly (through
land-use change and feed production) with livestock production include: implementing the ”polluter
pays” principle through taxes, charges and regulations; water pricing to encourage efficient water use
(HLPE, 2015); payments to encourage biodiversity and carbon sequestration; and fines and controls
to prevent deforestation. Current schemes, however, rarely account for all the environmental damage
or benefits of livestock farming. Moreover, many of the natural resources targeted with these policies
can be common pool resources, such as land and water, in particular for smallholders, indigenous
peoples and pastoralists. Many of the policy options most widely considered assume private
ownership; communal ownership also needs to be considered in policy design and implementation.
Integration of sustainable agricultural development with food policy
Governments and experts are increasingly paying attention to the need for consistency among
agriculture, nutrition and health policies. (FAO/WHO, 2014). This entails a reorientation of policy
objectives in all three areas, as well as multidisciplinary research, institutional change and
collaborative initiatives. Ultimately, the objective is to ensure compatibility between SAD on the
production side and FSN on the demand side.
There is almost universal agreement – as shown by national dietary guidelines across many countries
– that the basis of a healthy diet is fruits, vegetables, grains (particularly whole grains) and legumes, in
addition to some ASF. The livestock sector can contribute to these optimal dietary patterns by
increasing the accessibility of nutrient-dense foods rich in high-quality proteins and a range of
micronutrients such as iron, zinc and vitamins. Indeed, an accumulating body of research has shown
that the addition of small amounts of dairy and meat, in particular, to the diets of preschool-aged
children and pregnant women has improved the nutritional status of these vulnerable groups. But, as
discussed in Chapter 3, ASF, and in particular processed meat, may also in some cases have some
negative impacts on nutrition and health.
These positive as well as negative health implications of dietary patterns highlight the challenge of
promoting healthy diets both in the composition of food groups and the quantities of individual foods.
Despite isolated areas of improvement, and in part probably because the advice given to consumers
40
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See: http://asi.ucdavis.edu/programs/sarep/about/what-is-sustainable-agriculture (accessed June 2016).

can be contradictory, there has been little overall progress in shifting “Western-style” diets to healthier
alternatives or decisively reversing overweight trends (Roberto et al., 2015).
In recent years much of the advice given by nutritionists has centred on adopting the so-called
“Mediterranean diet” (Box 18), which is arguably better for health and for the environment. According
to Willett et al. (1995), who proposed the first “Mediterranean diet pyramid” (MDP), the highly
publicized MDP defines a model for healthy eating. Based on epidemiological evidence, the MDP is
related to high life expectancy, low rates of coronary heart disease (Estruch et al., 2013) and of certain
forms of cancers, as well as of other diet-related chronic diseases. It reflected the food habits of
habitants of Crete and Southern Italy in the early 1960s described by Keys (1970). This diet is
characterized by a basis of food from plant sources (fruits, vegetables, cereals, potatoes, beans, nuts,
seeds), olive oil as the principal source of fat, some dairy products, low to moderate amounts of fish
and poultry (including eggs), low and infrequent amounts of red meat, and wine consumed in low to
moderate amounts, principally with meals. Soon after, and although different regions in the
Mediterranean basin have their own specific diets, Trichopoulou and Lagiou (1997) proposed that
these be considered as variants of a single entity, namely, the “Mediterranean diet”.
Box 18 The evolution of diets in the Mediterranean area during the last 50 years
The evolution of the food system of the North Africa–Middle East region has been studied recently by
INRA-DEPE (INRA’s Office for Scientific Expertise, Foresight and Advanced Studies), on behalf of the
PluriAgri association: Le système alimentaire de la Région Afrique du Nord - Moyen-Orient à l’horizon
2050 : projections de tendances et analyse de sensibilité (The food system in the North Africa–Middle
East region in 2050: trend projections and sensitivity analysis) (INRA-DEPE, 2015).
Much of the data gathered for this retrospective study described the evolution of food availability
(kcal/capita) of countries around the southern (Morocco, Algeria, Tunisia, Egypt) and eastern (Israel,
Lebanon, Syrian Arab Republic, Turkey) edges of the Mediterranean. These “food availability” data
serve as popular proxies for actual consumption at the national level41. The aggregated data provided
in the synthesis report (Marty et al., 2015) of the INRA-PluriAgri study for the period 1961–2012 provide
an approximate picture of the evolution of the diet in the region for that period.
The two main trends noted over time in the diet are a radical change in the types of consumed oil, and
a strong growth in the consumption of sugar products. Marty et al. (2015) noted that: “These two
developments in the average diet are largely responsible for the significant increase in noncommunicable chronic diseases and obesity in the region (Popkin et al., 2012), increase which is all the
more worrying as nutritional deficiencies persist in the region (Fahed et al., 2012).”
In the early years of the study period, the highest consumption of oils was traditional and local: olive
and cottonseed oils. These were replaced, in the 1970s, by palm oil, soya oil and sunflower oil, which
are increasingly imported. Concerning sugar products, consumption almost doubled over the period
1961–2012, from 160 to 300 kcal/capita/day. The share of sugar products in plant food availability
amounted, by the end of the period studied, to around 10 percent in all sub-regions of North Africa and
the Middle East region.
These various trends in dietary change are consistent with a "Westernization" of diets. However, the
region still seems to follow, at least to date, a particular pathway of nutritional transition, by maintaining
the strong characteristics of the Mediterranean diet: the share of plant products remains high (circa 90
percent on average), and cereals continue to play a leading role (wheat accounts for 40 to 50 percent
of total food availability in kcal/capita/day). Another characteristic of the Mediterranean diet that has
been important over the period is the high level of fruits and vegetables consumed. The share of animal
products in food availability has remained almost constant, at around 10 percent on average (measured
in kcal/capita/day). The main feature is the substantial increase in poultry meat consumption: its share
in the animal food availability increased from 4 to nearly 20 percent on average in the region over the
period. Overall, food availability has increased from 2 000 to 3 000 kcal/capita/day between 1961 and
2012.
In summary, the North Africa–Middle East region has undergone a nutrition transition (increase of daily
calories and increase in the share of oil and sugar in food availability), but the changing diet differs from
the "Western" model by the very low growth of the share of animal products and the persistence of high
levels of plant products, including cereals, fruits and vegetables.
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Since then the MDP has been adapted to the different nutritional and socio-economic contexts of the
Mediterranean region, with updated recommendations considering the lifestyle, dietary, socio-cultural,
environmental and health challenges that the current Mediterranean populations are facing (Bach-Faig
et al., 2011). The Mediterranean diet has also been recognized as an Intangible Cultural Heritage of
Humanity by UNESCO (2010).
In many rich and some emerging economies, as well as among some classes of poorer countries,
food consumption is in excess of recommended levels. This focus on changing diets is driven by
interests outside the farming system and is primarily focused on improving health. But changing diets,
as well as efforts to reduce food losses and waste, has consequences throughout the agri-food chain.
A number of organizations and experts have made the link between reduced consumption of ASF and
smaller environmental footprints, and reduced natural resource use and GHG emissions (Revell, 2015;
The Royal Institute of International Affairs, 2015).
Dutch researchers presented the public with their USD330 000 burger grown from in-vitro cattle stem
cells in 2013. Since then production costs of the so-called schmeat have been cut to USD11 (Dorsey,
2015). A shift to inexpensive, acceptable meat substitutes would have profound implications for the
livestock industry. However, given that the main driver in the increased demand for meat is projected
to occur among the still very large populations who consume relatively little meat per person, the
impact of reduced meat consumption among richer consumers, where demand is stagnant, is likely to
be muted.
Integration of farm sector action with other economic sectors
Not all of the policy responses necessary to address the livestock sector challenges lie within the agrifood sector. Other important challenges include the need for better (and more equitable) economic
outcomes, equitable access to resources, less income inequality, a well-functioning trade system,
broad-based and effective social safety nets, investment in public infrastructure, improved educational
outcomes and R&D. SAD also depends on effective environmental regulation, throughout the whole
economy (not just in agriculture). There is also a difficult balance to be struck between attracting
young people into viable and sustainable jobs and livelihoods in agriculture and providing young
people with choices that allow those who want to move out of agriculture to take advantage of
employment and income opportunities in other sectors.

4.3.4 Gender
The feminization of agriculture (defined as a rise in the proportion of women in the total agricultural
workforce) is an observed feature of the agrarian transition that moves workers from agriculture into
industry and services, and from rural to urban areas.
UN SDG 5 (Achieve gender equality and empower all women and girls) includes the objective to “End
all forms of discrimination against all women and girls everywhere …and ensure women’s full and
effective participation and equal opportunities for leadership at all levels of decision-making in political,
economic and public life …and to undertake reforms to give women equal rights to economic
resources, as well as access to ownership and control over land and other forms of property, financial
services, inheritance and natural resources”. Besides the benefits for SAD, addressing women’s
empowerment also has nutrition benefits for young children. Smith and Haddad (2015) show that
investments in women’s education, increasing gender equality and increasing national food
availabilities can be expected to have an impact on national child stunting rates even in the short run
(over roughly five years), while investments in health environments and improving the dietary diversity
of food available in countries have their impacts only over longer periods.
Within pastoral and smallholder mixed farming systems, livestock play an important role in supporting
women and in improving their financial situation, and women are heavily engaged in the sector.
Particular species and types of livestock activity are more associated with women than men. For
example, women often have a prominent role in managing poultry (FAO, 1998; Guèye, 2000; Tung,
2005) and dairy animals (Okali and Mims, 1998; Tangka et al., 2000) and in caring for animals that are
housed and fed within the homestead. When tasks are divided, men are more likely to be involved in
constructing housing for and herding grazing animals. Where women's mobility is constrained by
social norms or the risk of violence, men will undertake the marketing of products. The influence of
women is strong in the use of eggs, milk and poultry meat for home consumption and they often have
control over marketing and the income from these products. Perhaps for this reason, poultry and
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small-scale dairy are popular investments for development projects aiming to improve the lot of rural
women. In some countries women also dominate small-scale pig production.

4.3.5 Institutions and governance
Successful realization of SAD depends on the processes by which knowledge is exchanged, policy
priorities and approaches are decided, and the level at which decisions within the food system are
taken, as well as how decisions are made and to whom actions are targeted. This section gathers the
main approaches to improve institutions, including capacity-building initiatives and knowledge and
research-oriented institutions, to strengthen governance for SAD.
Enabling stakeholder engagement and collective action
Food systems are shaped by the collective effects of thousands of decisions taken by many actors,
some of whom are outside the food chain, and many of whom are not operating in the same
geographical space. Engaging stakeholders in the process of developing policies and actions for SAD,
learning from experience, communicating best practices, drawing on traditional knowledge and
adapting policies and programmes to specific local contexts can all help support positive
environmental and social outcomes. Reporting progress and relevant research findings in a
transparent manner can encourage debate on further actions and appropriate fine-tuning of policies.
As underlined by HLPE (2013a), cooperation in buying, processing and selling, exchange of new
knowledge, skills, services and seeds, shared investment for equipment and machinery, are only a few
of the many examples of the role that collective action can play to build capacities, promote the
participation of smallholders in political decision-making processes, facilitate their access to market,
enhance productivity and resilience of farming systems (in particular, pastoral and smallholder mixed
farming systems).
Enabling greater access to investment
Significant investment in R&D and technology to improve sustainable productivity in different farming
systems is essential. R&D investments in the past played an essential role in developing innovations,
changing farm practices and raising productivity; they will be even more crucial in the future to address
a more complex and wider set of sustainability objectives, and to ensure SAD for FSN. Investment in
R&D for SAD will need to be accompanied by mechanisms to disseminate the knowledge and to
provide capacity building for all.
There is now a considerable shift in power between private and public actors as far as agricultural
R&D investments are concerned (FAO, 2012a). The private sector now plays a leading role in
technological development in food and agriculture, and large corporations are increasing their
investment in R&D. A study conducted by the Economic Research Service of the United States
Department of Agriculture (USDA), focusing on the 1994–2010 period, estimated that in the year 2000
the private sector already accounted for 45 percent of the total food and agriculture research spending
worldwide (Fuglie et al., 2011). Since the R&D undertaken by private companies is protected by
patents, this trend raises challenges related to the dissemination, access and uptake of new
technologies.
Intellectual property rights frameworks can adversely affect smallholders’ access to agricultural
knowledge (Gura, 2008). The IAASTD (2009) recommended that farmers be able to manage their
seeds and germplasm resources according to their needs. Risks and opportunities associated with
technological developments and applications need careful assessment, including the social,
economic, cultural, health and environmental implications of different technologies in different
contexts. This assessment should be accompanied by regular monitoring and evaluation. Principle 10
of the Rio Declaration calls for enhanced public participation and awareness on environmental issues,
while Principle 15 states that “where there are threats of serious or irreversible damage, lack of full
scientific certainty shall not be used as a reason for postponing cost effective measures to prevent
environmental degradation” (UNCED, 1992; UNDESA, 2011).
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Greater application of communication technologies for all
The application of information and communications technology (ICT) in agriculture is increasingly
important, through new innovations that can empower farmers, including smallholders. This extends to
the emergence of a number of innovations such as the use of big data, drones, smartphones, social
media and other innovative digital technologies. These can improve the efficiencies of the overall food
system by guiding production decisions through to reducing waste in supply chains and on consumers’
tables.
The “digital revolution” has had significant and wide-ranging implications and applications in
agriculture, from decision-making on a single field to informing national policy and corporate
objectives, and in global monitoring. The role that ICT can play as an instrument of change is
potentially transformative, as digital technologies become increasingly accessible and affordable in the
developing world (Kashturi Rangan et al., 2007).
Some of the applications that can have a role in enhancing SAD for FSN include:
• Precision technologies: using mobile telephone apps, sensors and satellites to boost the
productivity of both smallholder farmers and agriculture value chains (i.e. health of animals on
farms or targeting animal feeding regimes more precisely to raise yields and reduce waste).
• Precision agriculture: site-specific farming that matches natural variability in soils, microclimates,
plants and other factors with customized, location-specific inputs of seeds, fertilizers, pesticides,
water, etc. Precision agriculture can reduce costs, increase yields and profitability, and improve
environmental outcomes and climate-resilience simultaneously.
• Digital financial services, agribusiness ICT systems and extension agent support technologies.
• Real time market information systems, including reporting of transboundary animal diseases.
• Traceability systems for monitoring compliance with quality, environmental and other product
and/or process attributes related to food.
Several emerging trends that are reducing barriers to mature-market technologies and opening new
opportunities for local agricultural stakeholders include: the increasing uptake and sophistication of
mobile devices; radical price decreases in new remote sensing technologies (including low-cost soil,
air, water and plant sensors); the use of unmanned aerial vehicles (drones); the availability of nearfree, near-real time satellite and GIS data; greater processing power and connectivity of GPS-enabled
mobile devices; and greater geolocation data and possibilities for modelling becoming available to
researchers, farmers and extension agents.
There is still unused potential for ICTs in agriculture to improve productivity and reduce environmental
harm. Some of the most visible and well-known experiences in developing countries have been on: (a)
access to daily weather information and forecasts, and ”nowcasts” (three hours) at hyper-local levels –
including early warning and weather-based alerts (i.e. FEWSNET); (b) disease surveillance through
SMS reporting (i.e. Health Map); (c) market information systems; and (d) traceability (Botswana,
Namibia and Uruguay). ICTs are also widely used in agricultural research and academia in developing
countries with good success.
Improve international level governance and foster multistakeholder partnerships
Beyond intergovernmental organizations (such as FAO or WHO), platforms (such as the CFS), which
works on policy convergence for SAD and FSN, research communities and networks (such as the
Global Research Alliance on agricultural GHG that gathers 46 countries) build and share scientific
knowledge on SAD, including livestock. There is also a wide range of international multistakeholder
partnerships (MSP) specifically focused on sustainability of the livestock sector. These include, for
instance, the Global Agenda for Sustainable Livestock (see Box 19).
There are also different initiatives towards sustainability driven by private stakeholders of the livestock
sector (see Box 20).
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Box 19 The Global Agenda for Sustainable Livestock Development
In 2010, the FAO Committee on Agriculture recommended that FAO actively engage in consultations on how to
accommodate livestock sector growth in a socio-economic and environmentally sustainable manner. Subsequently, a
number of countries and international organizations, called the Dialogue group, initiated the process. They
recommended the development of a Global Agenda to shape the sector’s role in future global food production
systems.
The Global Agenda for Sustainable Livestock (GASL), facilitated by FAO, brings together small- and large-scale
producers. It is a partnership composed of seven cluster groups: governments, civil society organizations, the private
sector, donors, research/academia, NGOs, intergovernmental and multilateral organizations. Around 200 participants
gather once a year in a multistakeholder partnership meeting to address existing and new challenges. Partnerships
at regional, national and local levels respond to specific development priorities. A Guiding Group composed of five
representatives from each cluster is responsible for the appointment of the Chair and the guidance of the
partnership.
The Global Agenda supports continuous practice and policy change by:
- facilitating policy dialogue between different stakeholders of the sector and building consensus;
- conducting and supporting joint analysis to inform stakeholders, identify entry points for practice change and
develop harmonized metrics and methods; and
- promoting innovation and supporting investments.
Its approach to sustainable livestock systems integrates consideration of livelihoods, social impacts, public health,
animal health and welfare, environmental impacts, land use and tenure and biodiversity. It does this in three priority
areas – food security and health, equity and growth, and natural resources and climate. The GASL consensus
includes recognition of the many factors that underpin sustainability (GASL, 2015).
The Global Agenda builds and shares knowledge through thematic and regional action networks, formed by experts
from the different clusters. All action networks aim at comprehensive sustainability, but have different thematic entry
points and geographic coverage. The action networks are: Closing the efficiency gap, Restoring value to grasslands,
Waste to Worth, Global Network on Silvo-Pastoral Systems, Dairy Asia Partnership for Health and Prosperity, and
Livestock Environmental Assessment and Performance Partnership (LEAP). Action networks have triggered practice
change and supported investments through provision of knowledge.
The partnership has facilitated the development of a number of initiatives such as the Livestock Waste Management
and Enteric Methane projects funded by the Climate and Clean Air Coalition, as well as the development of
harmonized environmental metrics and guidelines in LEAP.

Box 20 Sustainable livestock – private sector initiatives
During the last decade, some private initiatives have been developed to improve sustainability along the livestock
supply chain: to reduce harmful environmental impacts while improving animal welfare and nutritional attributes from
increasing production. The International Meat Secretariat representing the global meat and livestock sector, the
International Dairy Federation, the International Poultry Council, the International Egg Commission, and the
International Feed Industry Federation are the main umbrella organizations that bring together national organizations
undertaking sustainability initiatives, mainly in intensive and commercial grazing systems.
Initiatives generally involve reporting and sharing information on best practices drawn from evidence-based scientific
studies, pilot schemes on representative farms and enterprises, benchmarking and developing indicators to assess
progress. In some cases, livestock farmers are offered certification by independent organizations concerning their
sustainability and animal welfare practices. Supermarkets, food outlets and livestock processors often require
livestock farmers to enter into contracts whereby they adhere to codes and standards of practice in order to sell their
livestock products. Two examples of private sector actions are given below:
The Global Roundtable for Sustainable Beef (GRSB) is the largest global, multistakeholder initiative to advance
continuous improvement in sustainability of the global beef value chain. GRSB consists of producers and producer
associations, the trading and processing sector, retail companies, civil societies and national or regional roundtables.
The major beef producing countries – Australia, Brazil, Canada, New Zealand and the United States of America –
are represented. The GRSB has developed a Strategic Plan for 2016–2021 to provide a framework for prioritizing
goals and objectives in meeting the ongoing challenges and opportunities. GRSB does not set standards or create a
certification programme, but provides a common baseline understanding of sustainable beef that national
roundtables and other initiatives can use, recognizing that there is a diversity of beef production systems around the
world.
Through the Global Dairy Agenda for Action (GDAA), launched in 2009, the international dairy sector has developed
an international platform to develop a common vision of sustainability for the dairy sector and to proactively
collaborate to solve the challenges, recognizing the diversity of production systems and of priorities at a local level.
The global Dairy Sustainability Framework (DSF), a programme of the GDAA, was launched in November 2013 as a
tool to shape, assess and monitor the continuous efforts of the international dairy industry to progress towards
sustainability. This DSF defines eleven key sustainability criteria unique to the whole dairy value chain and covering
environmental, social and economic aspects of sustainability.42

42

See: http://dairysustainabilityframework.org/the-gdaa/background/, http://dairysustainabilityframework.org
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4.4 Pathways in specific farming systems
It is in farming systems that practices are implemented making it particularly important to explore the
pathways to SAD for FSN at this level. The following section looks in detail at the possible pathways in
the four broad farming systems defined in Chapter 1.

4.4.1 Smallholder mixed farming systems
Current situation
Smallholder mixed farming systems tend to score well in terms of social equity and responsibility in
employment creation, particularly of women, as well as with regard to maintaining the social cohesion
of rural communities and links to local markets. They are, however, vulnerable where land rights are
poorly protected. Resource efficiency in terms of yields can be very low, especially where the scale of
enterprise is too small to be economically efficient. In that regard, livestock can play an important role,
where land is a constraint, to increase income, such as with poultry and pig farming. The
environmental performance of smallholder mixed farms also varies considerably, linked to the level of
farmer knowledge, the availability of financial resources, the scale of the farm enterprise, and the
extent to which the farm is a mixed enterprise and thus able to recycle waste and produce biomass
on-farm. In terms of resilience, their relatively low dependence on purchased inputs means that
smallholder mixed farms can be less vulnerable to some external economic shocks. However, low
levels of assets can threaten their resilience. They tend to be vulnerable to competition for land from
pastoralists and human settlements, however, as well as liable to lose their market share to intensive
livestock systems, and to have difficulty accessing credit because they lack collateral. They also bear
a high burden of agriculture-associated human and animal disease.
Box 21 Smallholder pig production in Viet Nam
Viet Nam is a southeast Asian country, with a population of 91 million, of which two-thirds live in rural
areas. Population is predicted to increase to 105 million by 2100. As incomes have increased, so has
consumption of ASF and vegetables. Pork comprises nearly three-quarters of total meat consumption
and one-third of the household expenditure on food and drink. Most pork is sold in traditional wet
markets because of consumer preference for fresh meat, lower price and greater convenience. More
than 99 percent of pig farms are small-scale and produce 83 percent of total pork production.
Smallholders remain competitive in Viet Nam because they are more efficient users of farm resources
such as using their own produced feed and household labour, thus giving them a market advantage
over large producers. Women contribute a substantial amount of labour in pig raising, so that
technology interventions need to consider this aspect in the technology development and dissemination
process.
Although smallholder pig production is successful in Viet Nam, it faces several challenges:
•

Environmental. The demand for livestock has led to dramatic increases in maize production in the
uplands of North Viet Nam. This generates rural income but maize cultivation on steep slopes has
led to massive erosion and declining soil fertility. Livestock production contributes about 45 percent
of GHG emissions, and most comes from pig production.

•

Health: There have been several major pig epidemics in recent years including foot and mouth
disease and blue ear. There is little control of veterinary drugs, including antibiotics and growth
promoters. Pork meat often contains food safety hazards such as salmonella and there is increasing
concern over food safety.

•

Economic: Smallholders face difficulties in obtaining state-owned loans. Most producers do not use
extension services and around one-third do not use veterinary services. The high dependence of
the domestic feed industry on imported feed ingredients such as maize, soybean meal and premixes creates volatility in feed markets.

•

Social: Viet Nam is experiencing rural to urban migration as opportunities increase in cities; this can
reduce the smallholder advantage resulting from on-farm labour.

Currently, there are opportunities for efficiency gains for sustaining smallholder competitiveness.
Effective provision of services (credit, veterinary, extension) to improve capacity to deal with production
and market risks can help smallholder pig producers remain competitive. Policies that enhance
productivity across all producer types will be preferable to policies focusing on developing large,
industrial farms. Effective control of animal disease, traceability and credible assurance of food safety
are needed to improve consumer confidence in the quality and safety of pork.
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Box 22 Empowering rural women artisans through improved production, processing
and export of wool and mohair in Tajikistan and Kyrgyzstan
Since 2009, the International Center for Agricultural Research in the Dry Areas (ICARDA) with support
from IFAD has launched a four-year project aiming specifically to improve the livelihoods and income of
rural women artisans processing wool and mohair and small livestock breeders of goats and sheep in
Tajikistan and Kyrgyzstan where productivity of local breeds is extremely low and access to market
limited. The initiative established innovative community-based breeding programmes, involving over
2 500 farmers from eight villages, using selective crossbreeding (with Altai cashmere bucks known for
their higher quality fibre) and artificial insemination techniques with imported frozen semen from highly
productive rams to improve the flock productivity and quality. The improved cashgora goats produced
15 percent more fibre compared with local goats, while the percentage of animals producing white fibre
(easier to dye) increased by 20 percent. In Kyrgyzstan, the project improved sheep breeds using high
quality Tian-Shan rams, which led to improved wool, along with increased yields of fibre and meat.
The project worked with livestock producers to develop a model for processing mohair and cashmere
into high-quality yarn suitable for export, and with spinners and weavers to develop new technologies
for processing the yarn into finished products, designed for replication and scaling up. The project
helped to increase processing efficiency and produced higher-quality products that are generating
additional income, incentivizing all stakeholders along the value chain, many of whom are women, and
acted as a catalyst for the reorganization of the angora goat sector in the region.
With the help of the project, more than 250 women processors and about 150 goat and sheep farmers,
owning a total of nearly 10 000 animals, benefited from the community-based innovation project (as of
September 2013); on average, the annual income of the Kyrgyz women increased by 2.3 times; and the
monthly income of Tajik women increased by 1.3 times.43

Operational priorities for action
In moving towards SAD for FSN, the priority responses for smallholder mixed farming systems are to
improve access to resources and services that will enable them to improve productivity, prevent and
control diseases, improve access to markets, address poverty alleviation, and reduce environmental
damages, as well as build resilience to environmental and climatic impacts. In this perspective,
stakeholders at different levels should recognize and leverage the huge potential of livestock, in its
different roles (as an asset and a safety net, as draught power, as a provider of ASF and other
products, including skin, wool or manure), as a means for improved livelihoods in smallholder mixed
farming systems.
At the household level, five major strategies to improve livelihoods, all of them closely related to food
security, can be identified: intensification of existing production patterns; diversification of production
and processing; expanded farm or herd size; increased farm income (agricultural and non-agriculture)
and increased choices to allow a complete exit from the agriculture sector.
Agriculture’s role in national development is reflected in a much-described and widely accepted
evolution, from agriculture-based societies through a transition phase to urbanized status (see Box 1
in Chapter 1). Population and income growth and increasing urbanization provide opportunities for
smallholders to join this evolutionary path and increase their engagement with markets, to access
inputs and increase production and sales, and hence enhance their livelihoods. This structural
transformation can alleviate rural poverty and food insecurity, as smallholders improve their economic
position. It can also contribute to the emergence and development of rural economic activity through
wage labour, food processing and marketing initiatives, as well as the provision of non-agricultural
services for rural communities. Although there is limited empirical data on the benefits of such market
engagement (Wiggins and Keats, 2013), there is sufficient evidence to support the contention that the
multiplier effects of growth in smallholdings will create on-farm and downstream jobs in processing,
trading, transport and storage, and will increase economic activity through consumption effects related
to increased farm income, consumption which is likely to be on local goods and services.
In the past, government agriculture policies, particularly in OECD and emerging economies, tended to
provide public support based on a farm’s output level, which favoured large-scale farms over
smallholders. More recently governments have increased the emphasis on the role of smallholder
agriculture in their policies, recognizing the importance of small-scale producers in food production
43

See: http://asia.ifad.org/web/1107-icarda/about, http://www.icarda.org/features/creating-opportunities-vulnerablewomen#sthash.4Xv8SiN7.dpbs, http://cac-program.org/news/detail/456
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and employment generation. The dramatic reduction of poverty in Asia in recent decades was largely
the result of providing smallholders with access to improved seeds and fertilizer. In addition, in the
case of China and parts of Southeast Asia, government policy decollectivized farmers, allowing the
establishment of smaller farm sizes and stronger individual land rights. MERCOSUR countries have
focused on family farming from the early 2000s, providing targeted services such as extension, access
to credit and rural insurance. In Brazil, 30 percent of the budget of the National School Feeding
Programme must be invested in the direct purchase of family farm products. The programme feeds
around 45 million pupils each day in Brazilian public schools and has an annual budget of
approximately USD1.75 billion; as such it is a significant market for family farms and contributes
directly to FSN through improved child nutrition. The Comprehensive Africa Agriculture Development
Programmes (CAADP) developed since the African Union summit in Maputo, Mozambique, in 2003
also emphasize the role of small-scale producers (CAADP, 2015).
Public policy has also begun to put more emphasis on policies and institutional reforms to enable the
coordination and integration of policies so that they support (rather than hinder) each other (HLPE,
2013a) and support SAD in all three dimensions of sustainability.
The priorities for action are:
• Better access to markets and more diversified market opportunities: Smallholder producers often
have good access to local markets but less so to longer market chains, so small-scale and largescale pig and poultry farming will continue to co-exist in “multi-track” development pathways
(FAO, 2008, 2014e). Smallholders need to be supported to gain improved market access, supplychain integration and marketing. Diversification of markets can also enhance the diversification
and sustainability of farming systems.
• Secure tenure rights and equitable access to land for smallholders and indigenous peoples
should be promoted and upheld, reducing land concentration trends. Land redistribution to
enhance the social space of sustainable smallholder agriculture is needed (policies are crucial to
guide this process of change).
• Design feasible growth pathways: a number of development pathways are possible for smallscale poultry and pig producers (FAO, 2008, 2014e) depending on factors such as available
resources, choice of markets, and the capacity of farmers to invest in their enterprises. Where
industrial commercial operations have encroached on local markets, small-scale intensive
livestock producers could work with them as contract suppliers (FAO, 2014d). Contract farming
has had mixed outcomes; the experiences of poultry farmers in the United States of America
(Domina and Taylor, 2010) and in South Africa (Bolton, 2015; Visser and Ferrer, 2015) show that
small profit margins, exclusive dependence of the farmer on the supplier, highly variable feed
prices and low economies of scale for small-scale intensive poultry producers are all significant
barriers to SAD. HLPE (2013a) provides insight on the economic and institutional conditions to
make contract farming benefit smallholders.
• Recognize, empower and enable the role of women: Gender-sensitive participatory development
processes are essential. These should enhance women’s self-determination (Njuki and Sanginga,
2013; Njuki et al., 2014). In efforts to quantify and overcome obstacles to women’s’
empowerment, useful new tools have been developed to measure women’s empowerment
through indices, such as the Women’s Empowerment in Agriculture Index (WEAI)44 and the
Gender Parity Index (GPI)45 (IFPRI, 2012).
• Improve animal health management: Animal disease is a major cause of reduced productivity in
smallholder systems. For example, chick mortality may be as high as 80 percent in family poultry
systems (de Bruyn et al., 2015). The losses have been reduced through simple interventions
such as vaccination of the flock (Pym and Alders, 2012). Such interventions could use locally
available resources, such as training local women to be vaccinators, encouraging the use and
improving the quality of locally produced feed, and using local materials and service providers for
the construction of appropriate animal housing.
44

45
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The Women’s Empowerment in Agriculture Index (WEAI) measures the roles and extent of women’s engagement in
the agriculture sector in five domains: (1) decisions about agricultural production; (2) access to and decision-making
power over productive resources; (3) control over use of income; (4) leadership in the community; and (5) time use. It
also measures women’s empowerment relative to men within their households.
Gender Parity Index (GPI), is a subindex of WEAI and reflects the percentage of women who are as empowered as
the men in their households. It shows the gap that needs to be closed for women to reach the same level of
empowerment as men.

• Encourage the use of local, more resistant, breeds: Use and improve local breeds, which are
hardy, disease-resistant and are able to cope with harsh environmental conditions in low-cost
(Ahuja and Sen, 2008) extensive scavenging systems (de Bruyn et al., 2015). Use locally
available feeds for extensive scavenging systems. Use the manure from small-scale intensive
systems as fertilizer in neighbouring farms, which will dispense with the need for on-farm manure
disposal systems and contribute to environmental sustainability. Feed shortages may need to be
addressed by increasing the use of fodder and crop by-products and adding appropriate
supplements. In intensive small-scale production systems with good management and nutrition,
access to breeds with high feed conversion ratio and a regular supply of suitable feed and
pharmaceuticals is essential. The conservation of local breeds can improve resilience to climate
change and safeguard genetic resources (Mtileni et al., 2012; Pym, 2010).
• Implement appropriate, tailored and participatory programmes that respond to specific farmers’
needs, perceptions, constraints, priorities and local conditions (FAO, 2014a). Policies and
programmes should be developed with full and direct participation of the people who will be
affected. Policies that promote productivity growth and investment need to go hand-in-hand with
social protection interventions that target nutrition, health and education.
• Facilitate smallholder participation in the political process of identifying, prioritizing and
implementing responses. Smallholders’ organizations need to be recognized and supported to
increase their voice in policy-making platforms and processes. An example of this approach is the
use of innovation platforms (IPs) by the International Livestock Research Institute (ILRI). In IPs,
multiple stakeholders (including farmers) collaborate in the identification, design and
implementation of actions towards the realization of agricultural development outcomes. IPs have
proven effective in redressing unequal gender dynamics (Mulema et al., 2015) and solving natural
resource management problems in smallholder agricultural development (Misiko et al., 2013).
• Provide good quality training programmes and information, which are relevant to smallholders’
level of education and circumstances, including “hands-on/learning by-doing” with follow-up by
technical agents (FAO, 2014a). This entails R&D of new technologies and production models that
are appropriate for the small-scale systems, as well as having in place appropriate extension and
advisory systems that can facilitate the adoption of the new technologies.
• Redirect development policies and tax incentives towards the design of diversified and resilient
farming and food systems.

4.4.2 Pastoral systems
Current situation
Pastoral systems score well in terms of social/responsibility in so far as they conserve traditional
practices and cultures, and employment; however, women suffer from structural inequity and access
to health, education and other services is low. Moreover, pastoralists are vulnerable to insecurity,
marginalization and inadequate access to land and resources in many countries. They often have little
access to social services, health and education. Resource efficiency tends to be low in terms of yields,
although they use land that has low value in alternative uses. They tend to be adaptive to often-harsh
natural conditions and so are often very resilient, but face challenges of pressure from other economic
activities on land and water resources in many countries. Their relatively low dependence on
purchased inputs means that these systems can be more resilient in adjusting to some external
shocks, but are vulnerable to climate change and scarce water availability and bear relatively high
burdens of human and animal disease.
Operational priorities for action
While pastoralism and agro-pastoralism might exhibit apparent low levels of production, they can be
economically efficient in so far as they use resources that have low value in alternative uses (low
input–low output). Moreover, they embody cultural and traditional knowledge and values, and after
centuries of experience they are skilled at adapting to harsh conditions. However, to be sustainable
going forward, pastoral systems need to better integrate all of the dimensions of sustainable
development: pastoralists’ rights need to be strengthened, animal health and welfare conditions need
to be improved, and the value-added of pastoralist activities needs to be improved by better
connections to markets. In this perspective, the dialogue between applied research and pastoral
organizations should be strengthened; on the one hand, to improve pastoralists’ knowledge of how to
improve productivity and profitability and, on the other, to encourage exchanges of experience and to
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ensure pastoralists’ expertise is not lost or ignored. Most regions need to work much harder on making
their policies and actions coherent, requiring cross-border cooperation.
The pressure on water, land resources and on the corridors for transhumance is very strong. This
generates significant conflicts for access to pasture and water between crop farmers and pastoralists.
Climate change will exacerbate these tensions and make access to resources more difficult. In the
Sahel, an increase of average temperatures and more frequent droughts, storms and floods will have
negative effects on animals and the availability of vegetation, weakening the resilience of agricultural
systems (Pastoral Platform of Chad, 2015), and challenging social equity/responsibility. Policies to
support silvo-pastoral systems where appropriate is a promising way to restore soil and pasture
quality, to improve resource efficiency, to strengthen the resilience of animals and agro-ecosystems in
the face of climate change, harsh weather and poor soil conditions.

Box 23 Improving pastoral systems in the Sahel and the Sahara
Pastoral systems in the Sahel and the Sahara are widespread in the arid zones with low and irregular
rainfall, water and natural forage resources. They cover several types of animals and shape the mode of
life of pastoral societies. They are often mobile where men and herds follow water and pastures on very
broad availability spaces. Livestock plays a central role in the economy of Sahelian countries with a
contribution to the agricultural GDP sometimes ranging up to 44 percent (SWAC-OECD/ECOWAS, 2008).
Livestock is also one of the main economic activities, on which the poorest populations are dependent as
a source of food and cash income.
According to most studies (Pastoral Platform of Chad, 2015; FAO/CIRAD, 2012) on the issues of the
development of pastoralism, there are a set of related challenges especially in: mitigating conflicts
between pastoralists and other farmers; improving penetration in urban markets; facilitation of access to
water and land; and better targeting of emergency programmes to better adapt to the sustainable
development of pastoralism. Development programmes should target vulnerable pastoral societies by
integrating sustainable principles, including strengthening the resilience of pastoralism to climate change.
These challenges require greater participation of nomadic pastoral societies in particular in decisionmaking in local governance while revitalizing inclusive decentralization policies. This implies fully
integrating, establishing and implementing transparent mechanisms throughout the marketing chain,
enhancing the role of specific crafts and skills to local societies, especially of women and young people,
and promoting the establishment and involvement of representative non-governmental organizations in
governance to defend the rights and interests of pastoralists (Cisse, 2008).
The resilience of pastoral societies can also be improved through secure transboundary movements, the
development of insurance systems incorporating specificities of pastoralists and nomads, strengthening
dialogue between applied research centres and pastoral organizations in order to establish a dynamic
transfer of knowledge, and increasing the productivity and profitability of pastoral systems while promoting
the exchange of experiences in this field between countries.
This improvement in trade can take the form of encouraging the development of pastoral products and
improving coordination, developing secure marketing systems related to transhumance, strengthening the
capacity of local organizations to master trade processes and establishing a common pricing system
favouring the development of regional clusters of local products, to help them compete with imports.
Social sustainability is one of the major components on which to build the sustainable development of
pastoralism. Improving the access of pastoralists to public human and animal health services, education
and training can enhance the socio-cultural ties from sharing common resources.
The implementation priorities start by defining strategic objectives for all policies to reduce the vulnerability
of pastoralists and ensure sustainability. Prioritizing policy interventions and planning are then needed in
order to protect the livelihoods of the most vulnerable segments of society while seeking to improve the
productivity of pastoral production systems and access to food. Finally, strengthening the governance of
food and nutritional security policies will contribute to making the whole policy process more efficient.
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The priorities for action are:
• Improve governance and security by involving pastoral societies in local, national and
international participatory governance mechanisms, including: improving land-tenure rights and
decentralization to fully integrate nomadic societies in the governance of land; giving a greater
role to livestock in development plans; disseminating information on the sustainable management
of resources and pastoral land rights.
• Improve connections to markets and create diversified market opportunities to better value animal
production; promote the development and marketing of domestic production to supply urban
markets; improve sanitary, food safety and quality standards; better target investment in market
infrastructures; encourage private investment in the production and distribution of livestock feed;
improve the transformation of animal products (dairy in particular); and increase the supply and
availability of zootechnical and veterinary products and services.

• Provide and protect the access of pastoralists to public services. This includes: improved human

and animal health services and pursuing innovations in the twinning of the two; intensify research
for innovations in public policies for basic education and vocational training of young people in
pastoral regions; strengthen the links between policies, culture and management of shared
resources; and strengthen the capacity of civil society organizations to participate in the
development, implementation and monitoring of policies. The central challenge is to provide
social protection programmes and public services (health and education) adapted to the specific
needs of pastoral systems and communities.

• Provide and protect access to pastoral resources (notably water and land) and ensure that
pastoralists’ customary land and water rights are protected. Ensure that land management,
investments and hydro-agricultural development projects take pastoral concerns into account to
build sustainable pastoralism and to enhance social equity/responsibility by integrating
transhumance, forestry and agriculture in territorial development, while respecting the rights of
indigenous peoples to commonly-owned land and natural resources.
• Implement a fairer taxation system on the marketing channels for livestock products, to enhance
value-added through the processing and marketing of pastoral products.
• Better target emergency assistance, giving consideration to the specificities of pastoralist systems
in terms of their resilience and vulnerabilities, with regard to technical needs (health of livestock,
social management of water resources and pasture), social aspects (access of families of
pastoralists and agro-pastoralists to basic social services: health, education, hygiene-watersanitation) and economic (linkages between livestock and cereals), all at different scales.
• Devise development strategies that take into account the specific mobility-related needs of
pastoral systems. Priorities include the need to better secure cross-border trade, to remove illicit
levies and more generally reduce the risk of theft in crossing national borders. Governments must
also strengthen interstate cooperation to facilitate cross-border movement of pastoralists to
promote regional exchanges.

4.4.3 Commercial grazing systems
Current situation
Commercial grazing systems score well in terms of resource efficiency when they use land that has
low value for alternative uses. Some systems are able to enhance carbon sequestration, biodiversity
and landscape benefits. Other commercial grazing systems, however, are associated with
deforestation, polluted watercourses and soil erosion that is a result of overstocking. Their relatively
low dependence on purchased inputs means that these systems are relatively resilient to external
shocks but they remain vulnerable to climate change. In addition, ruminant animals are significant
contributors to GHG emissions. Moreover, where the expansion of such systems displaces
smallholders and where hired farm worker conditions are not protected, social equity/ responsibility
outcomes are compromised.
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Operational priorities for action
In moving towards SAD for FSN the priorities for commercial grazing systems are: to achieve a better
balance between the natural resource base, maintenance of ecosystems and the stocking rate of
livestock; to improve genetic diversity and feeding practices; to protect and promote the land rights
and natural resource rights of indigenous peoples; and to improve working conditions and security of
employment (social equity and responsibility), while raising overall productivity (resource efficiency).
The priorities for action are:
• Maintain and improve grassland management practices. Recent experiences have shown that
different levels of intensification can hugely enhance livestock production on natural grasslands.
As illustrated with some beef production systems, livestock production can, in some cases,
quadruple without any recourse to external inputs, relying instead on controlling stocking and
managing natural vegetation (Carvalho et al., 2008, 2011). Additional benefits include improved
soil health.
• Contribute to climate change mitigation and adaptation through pasture management. Enhancing
cattle diets can reduce GHG emissions from enteric fermentation and increase carbon stocks in
soils. Better pasture management can increase grazing efficiency, which ensures more forage is
available during periods of climate variability (Herrero et al., 2016).
• Improve the stocking and management of grassland–ruminant ecosystems (see Box 24) as an
efficient, sustainable method of producing high-quality protein with minimal (or even positive)
environmental impacts. As argued by Tilman et al. (2002), ruminant production on grasslands can
take advantage of the high efficiency of ruminant guts to convert low-quality forage into highprotein human foods, including dairy products and beef.
•

Develop a crop–livestock–forestry integration system (CLFIS) (see Box 11) that involves the
integration of three production activities on the same land: agriculture, livestock and forestry.
Cattle benefit by the availability of shade from trees, losing less fat in hot weather. They also
benefit from better quality pastures, which improves farming capacity and reduces slaughter age.
Furthermore, crop rotation applied with direct tillage reduces soil degradation, generating positive
effects on the environment. Annual crops provide quick returns to producers that redeem the cost
of adapting degraded areas into a CLFIS. In the medium term, the producer makes a profit from
livestock, while forestry provides longer-term yields in addition to being an important source of
energy, which can be extracted from the associated biomass. The system also generates
employment for skilled and qualified employees, improving socio-economic conditions for rural
workers (Ortiz and Alfaro, 2014).
• Protect native forests from deforestation. Grasslands, other native ecosystems and high
conservation value areas are protected from land conversion and degradation (see Box 25).

The principal merits of commercial grazing systems are in the use of pastures that can have relatively
low value for alternative activities, the maintenance of soil quality, and the relatively light
environmental footprint of extensive systems. Nonetheless, the contribution to GHG emissions per
ruminant animal is relatively high, there are risks of too-high stocking rates on fragile land, and
deforestation and displacement of indigenous peoples from their lands (particularly their customary
use areas) is too common, as are poor conditions for hired workers. In many countries, the livestock
sector itself has voluntarily started to take action to improve environmental sustainability, albeit still
most often at the pilot project level. Policies have varied considerably across different countries. In the
case of the New Zealand sheep meat sector, the policy was to reduce support and protection to the
sector, which resulted in farmers being exposed to market forces, thereby requiring farmers to make
changes in their farm practices and marketing, but complemented by environmental legislation. In
many countries the focus has been on improving resource efficiency, including the reduction of GHG
emissions, through the dissemination of information on the adoption of best management practices
(optimal stocking, improved pastures, grazing management, genetic improvements) and on improving
resilience by adapting to droughts and floods (adaptation and preparedness), as well as some limited
progress in addressing rights of workers in some countries.
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Box 24 Sustainability in the New Zealand sheep meat sector
Sheep numbers in New Zealand reached a high point of 70.2 million in 1982, bolstered by a range of
subsidies and support to farming at that time. From 1984, in a widespread economic reform process,
these assistance measures were fully removed, so that by 1990 the effects of support had essentially
dissipated. At this point the national sheep flock had adjusted to 57.9 million. Over the following 25
years sheep numbers have halved (to 29.8 million in 2014), but the total production levels of lamb meat
have reduced only marginally (minus 7 percent).
From 1984, with low world prices for sheep meat and high budgetary costs to the government, a
reforming government removed financial support measures, including to other agricultural commodities
and implemented other economy-wide reform measures. Farmers were thus faced with exposure to
market forces, without support measures. This market-orientation forced farmers to make changes in
their farm practices and marketing.
Farmers adjusted their management systems to improve productivity of their sheep flock and the
profitability of their operations. The new market-oriented regime revealed that many sheep were being
farmed on land that was too marginal to be economic. Also, in many areas the stocking rate (sheep per
hectare) was too high to provide optimum performance: this overstocking led to lower lambing
percentages, lower growth rates in lambs, lower carcass weights at slaughter, soil erosion on fragile
land and contributed to pollution of watercourses. Experience revealed that improved grazing
management could have positive effects on these performance measures.
The industry used various approaches, such as: reducing sheep numbers, at the unprofitable margin;
ceasing farming on marginal lands (too steep, too remote, too dry or low fertility soils); improving
performance of the flock (fertility, growth rate, slaughter weight), by enhanced pasture content and
production; improved grazing management (fencing, rotational grazing); genetic improvement; and
reducing stocking rates (to an optimal level).
Production performance improved and results showed a return to profitability for most farmers in most
years, after the initial and, in some cases, difficult transition period.
A life cycle assessment study (LCA) that estimated the emissions of GHGs from sheep production
showed that methane (a major GHG from ruminant animals) emissions per kilogram of lamb meat
processed reduced over a 23-year period (see figure), due to the productivity improvements outlined
above.
Total New Zealand sheep farming methane emissions per kg of processed meat

kg of CH4 per kg of sheep meat produced
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New Zealand sheep farmers are also implementing practices directed at environmental improvement
and hence enhanced sustainability of production. Beef and Lamb New Zealand, an industry
organization, has developed an environmental strategy to enable sheep and beef sector efficiency and
profitability, while sustainably managing air, soil and water, and natural resources. Mechanisms include
provision of tools and services that assist sheep and beef producers, and development of an on-farm
measurement tool to track the effectiveness of initiatives directed at achieving environmental goals.
Source: Beef + Lamb New Zealand Economic Service, Ministry for Environment.
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Box 25 Livestock and deforestation: pathways for sustainable beef in the Brazilian
Amazonia
According to the Ministry of Agriculture, Livestock and Food Supply (MAPA), Brazil, the second largest
producer of beef in the world, will account for an estimated 44 percent of global meat production by
2020. Over the past 20 years, about 10 percent of the Brazilian Amazon forest has been lost, and more
than half of this loss was due to the conversion of the forest to cattle pasture (Faminow and Vosti,
1998).
During the last decade, there have been strong actions to reduce deforestation through two key areas of
intervention:
(i) Public policies for reduction and monitoring of deforestation to enhance environmental governance
(Forest Code Compliance) and improvement of governmental technical capacity (federal, state and
municipal) in order to help cattle ranchers, retailers and other stakeholders in the beef value chain
in the preservation of the natural ecosystems and thus to improve the productivity of cattle
production.
(ii) Development and adoption of new technologies to intensify production and improve pasture quality
to increase the efficiency of cattle ranching and consequently to reduce deforestation.
Since 1965, the Brazil’s Forest Code requires Amazonian landowners to set aside between 50 to 80
percent of their property under natural vegetation cover. With the approval of the new Brazilian Forest
Code in January 2010, and the mandatory environmental registry of rural farms (Cadastro Ambiental
Rural, CAR Forest Code), compliance has increased. The new system requires landowners to
participate in a registry, which enables monitoring of legal and illegal deforestation and to track
compliance with environmental regulations and more responsible production. As of 2014, most ranchers
in the Amazonia are at or very close to the 20 percent limit that the legislation permits to be converted
into pasture.
At the 2009 Copenhagen Climate Conference (COP15), Brazil pledged to voluntarily reduce GHG
emissions in the range of 36–39 percent by 2020. The actions include, among other measures, the
reduction in deforestation in the Amazonia (80 percent) and the cerrado (40 percent), restoration of
degraded pastures (about 80 million ha), wide implementation of Brazilian good agricultural practices,
reduction in energy consumption, stabilization of the share of renewable energy sources in the energy
matrix, and increased use of biofuels.
To fulfil its commitment of reducing GHG emissions, Brazil launched the ABC programme in 2010 to
fund low-interest loans for those activities including the promotion of more sustainable cattle ranching
practices, with three specific credit lines to support rehabilitating degraded pastureland, crop–livestock–
forestry integration and treating cattle waste to generate energy.
The Brazilian Roundtable on Sustainable Livestock (GTPS – Grupo de Trabalho da Pecuária
Sustentável), a multistakeholder partnership initiative, which covers 900 farmers on one million hectares
in five Brazilian States (Mato Gosso, Mato Grosso do Sul, Pará, Rondonia and Bahia) is promoting
principles, standards and common practices to be adopted by its members to contribute towards
sustainable cattle ranching systems that are environmentally friendly, economically viable and socially
acceptable.

4.4.4 Intensive livestock systems
Current situation
Intensive livestock farming systems score well in terms of resource efficiency when measured by
conventional productivity indicators (output per unit of input or inputs) and for some environmental
impacts in terms of per kilogram produced (such as GHG emissions). But in general, intensive
livestock systems score less well when measured more broadly, taking into account overall
environmental impacts. Moreover, the high degree of specialization and dependence on purchased
inputs that typify intensive production make these systems less resilient and more vulnerable to some
economic external shocks, while social equity/responsibility can be compromised. For example, some
aspects of hired farm worker conditions as well as animal welfare need to be improved. Intensive
systems are also implicated in high levels of antimicrobial use and increased risk of animal disease
emergence.
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Box 26 Changing structure of the pig sector in China
China’s livestock was dominated by pig production in agricultural regions, with a small contribution from
non-pig production in pastoral areas. In 1980, the total meat production was 12.05 million tonnes (mt),
among which pork accounted for 94 percent at 11.34 mt. However, the relative importance of pork
production gradually decreased while the total meat production showed strong growth for more than
three decades. By 1990, total meat production had increased to 28.6 mt, or more than doubled in 10
years, while the share of pork declined to 80 percent (22.8 mt). During the last ten years of the
twentieth century, the total meat production increased to 60.1 mt, more than double in ten years again,
with the share of pork declined further to 66 percent (39.7 mt). The growth of total meat production
slowed down a little during the first 13 years of the twenty-first century, standing at 85.4 mt by 2014,
while the share of pork production maintained at about the same level of 65.1 percent (State Bureau of
Statistics, 2015).
Pork production was dominated by backyard pig raising; almost every farmer household raised one pig
or two in a year. Backyard pig production was essential to the survival of small farm holders, as it was
not only the main source of badly needed cash income, but also the main source of manure necessary
to grow crops. Backyard pig production was cost efficient, not only because opportunity cost for labour
was low or even negligible, but also as the use of commercial feed was very limited due to wide use of
domestic wastes. More importantly, manure generated from backyard production was crucial to growing
crops on the farm as in the past. In many cases, the value of manure from backyard pig production was
as much as the value of the pig itself.
The situation has changed dramatically in the last three decades. More than 300 million rural workers
have found off-farm jobs, often far away from their homes, and the level of chemical fertilizer use per
hectare of sown areas has increased from 86 kg in 1980 to 359 kg in 2013. The backyard pig
production has lost its importance to small farm holders: they have found better opportunities to use
their labour, and they no longer depend on manure. Following huge rural–urban migration, opportunity
costs in raising pigs, in collecting plant materials for manure, and in application of manure, have all
increased dramatically. According to the Department of Prices of the State Development and Reform
Commission (2015), the wage rate in agricultural production in 2014 was four times as high as that in
2004. And as household size has reduced with some members working at least partially away from
home, the quantity of domestic wastes has also reduced and become uneven, so the feed availability
for backyard pig production has also declined.
As a result, pig production has experienced a shift from backyard-based to large-scale commercial
production. According to the Animal Husbandry Yearbook, the number of households/firms with annual
production of more than 50 000 pigs has increased from 16 in 2001 to 187 in 2012, those with annual
production between 10 000 to 50 000, between 3 000 to 9 999 and between 500 to 2 999 have
increased from 747 to 4,363, from 2 798 to 19 735, and from 22 956 to 231 271, respectively, during
the same time period. As a comparison, the number of households who raise less than 50 pigs in a
year was only 51.9 million, less than 20 percent of the total rural households. The statistics indicate that
about 30 million farm households abandoned pig production in the five years during 2007 to 2012
(Editing Committee of Animal Husbandry Yearbook, 2014). It could reasonably be assumed that those
households that abandoned pig production were originally engaged in traditional backyard pig
production, i.e. raising one or two pigs a year with spare time and domestic waste.
The changing structure of the livestock sector in China may have led to serious problems in non-point
pollution, as manure is no longer used as a fertilizer, and as the large and intensive pig farms may not
necessarily be located in major agricultural regions. The proper treatment of manure is very costly if the
intensive farms cannot use up all the manure generated by themselves, and their scale is not big
enough to process the manure for commercial use. Following strengthened environmental regulation in
the worst polluted regions, many intensive pig farms in Zhejiang province closed down in early 2015,
which led to a significant increase in pork price. It is hoped that tightening environmental regulations
may lead to further restructuring of the sector: further expansion and concentration of pig production
may lead to the processing of manure as a commercial fertilizer and be profitable due to economy of
scale, and relocation of large-scale pig production may reduce the costs of collecting manure and
distribution of fertilizer produced from manure.
If this turns out to be the case, further restructuring of the pig sector may reduce the level of non-point
pollution due to better utilization of manure and possible reduction in chemical fertilizer application.
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Box 27 Intensive livestock systems in Europe
Intensive systems are typical of the majority of pig, poultry and, to a much lesser extent, dairy cows in
Europe. These systems show an increasing concentration in size and location, high productivity,
maximizing financial margins, integration into supply chains, and a development model driven by
mainstream research and multinational food-processing groups. For example, in 2010, 43 percent of all
pigs in France were reared in farms with over 1 000 fattening pigs, against 81 percent in Denmark, 63
percent in the Netherlands, 75 percent in Spain and 44 percent in Germany. A French farmer today
produces an average of 100 kg of pig carcass per hour worked (50 minutes per pig), similar to what
farmers in Spain or Germany produce but much less than what farmers in Denmark or the Netherlands
produce (135 to 140 kg, 35 minutes per pig) (IFIP, 2013). Southern and eastern Europe countries are
still dominated by small-scale farming, although intensive farms are found in pig and dairy production in
Spain, and in the reconversion of old state or collective farms in the east.
Dairy farming is slowly moving towards greater intensity, with some resistance, particularly in France.
The average herd size remains low in Europe: 60 dairy cows in France, very similar to Ireland and
slightly lower than the Netherlands (80 cows). The largest herds are found in Denmark (150 cows on
average) and in the northern and eastern states of Germany where several farms have more than
2 000–3 000 cows. The number of dairy farms has fallen annually despite the introduction of milk
quotas in 1984: by 13 percent in Spain, 8 percent in Denmark, 7 percent in Italy and in the United
Kingdom, 6 percent in the Netherlands, and, 5 percent in France (Institut de l’élevage, 2007, 2013).
The removal of milk quotas in 2015 is likely to increase concentration in both dairy farm size and
location.
Nevertheless, three important characteristics of European livestock systems should be noted. First,
there is great diversity, in particular in dairy systems, ranging from the largely confined operations in the
Netherlands and Denmark, to mainly grazing systems in France and Ireland. Second, there is an
increasing emphasis on quality labelling of production in both poultry and pig meat production. For
example, in France, 30 percent of chicken sold is certified with a quality label, concerning the method of
production. Third, there is growing attention to global and local environmental issues, animal welfare
and concerns that technical progress is generating “animal producing machines” and “factory farms”
(Porcher, 2011). These issues are also fuelled by pressure from NGOs appealing for a reduction in
meat consumption on the grounds of animal welfare, production methods or environmental impacts as
well as on the grounds of the impacts on health. One result has been the reduction in the use of
antibiotics in the Danish and Dutch pig farming sectors (see in the text below).
Even though intensive systems lead to low consumer prices, and consistent supplies and quality, the
European Union, national governments and supermarkets have imposed or require strict standards and
regulations concerning production methods, which has given rise to concerns that the European
production is less competitive due to higher costs.
In addressing the challenges of intensive livestock systems the Animal Task Force (ATF), a European
think tank bringing together most of the large animal husbandry research organizations, has proposed
ways to meet the challenges of competitiveness, the reduction of environmental impacts, and improving
animal welfare through the development of alternative eco-efficient technical models with multicriteria
appraisal variables. Others propose the development of precision livestock farming (Lokhorst and Groot
Koerkamp, 2009), which can generate gains in terms of work productivity (robotics) with the ability to
track the vital parameters and technical efficiency and health of individual animals (decision support
software and sensors).
Three principles underlie these challenges: exploring alternative hybrid production models with broader
objectives than competitiveness and price; developing participative research, involving farmers, other
stakeholders and NGOs, local and regional authorities, to define scenarios for livestock farming
regionally and nationwide (Darnhofer et al., 2012); and developing methodologies to design innovative
systems at the farm and regional levels (Bos et al., 2012) and identify resources to help transition
pathways (Elzen et al., 2012; Coquil et al., 2014).

Operational priorities for action
In moving towards SAD for FSN, intensive livestock systems will have to internalize the externalities
so as to improve their environmental impact. The priorities for intensive livestock systems are: to
reduce environmental damages, especially water pollution and GHG emissions, including through
improving feeding and breeding practices; to raise animal health status and to improve animal welfare;
to reduce the risks of antimicrobial resistance; to encourage international agreements to facilitate less
risky trading conditions; to address market concentration; and to improve working conditions. Raising
productivity remains important. Addressing these priorities implies a degree of transformation of
intensive farming systems, which will not be easy to achieve at an individual farm level, although there
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is generally some margin of adjustment for change. Most of these priority areas will require systemwide interventions.
The priorities for action are:
• Invest in R&D along the complete food chain that strikes a balance between increasing
production and reducing environmental harms, including the need to reduce food losses and
waste.
• Expand precision livestock farming (Lokhorst and Groot Koerkamp, 2009), with the ability to track
the technical efficiency of individual animals.
• Implement policy changes to reduce the prophylactic use of antibiotics in animal care. The
examples of Denmark (51 percent decrease in antimicrobial use for swine between 1992 and
2008 and 90 percent between 1995 and 2008 for poultry) and the Netherlands (56 percent
decrease in antibiotic sales to livestock farms between 2007 and 2012) show that important
improvements are achievable and can build on concrete examples (O’Neill, 2015; O’Neill, 2016).
• Improve animal welfare in intensive livestock systems, in line with OIE guidelines and best
practices and national standards, drawing on the latest scientific research.
• Reduce the environmental impact of intensive livestock systems by:
- Encouraging the recycling of nutrients and animal waste, for example to fertilize pastures, and
using forage and grain legumes to increase the nitrogen in soils (Peyraud et al., 2014) in order
to reduce the need for mineral nitrogen; explore possibilities to export animal waste as
fertilizer to other farms or other agricultural regions; take advantage of the possible coupling of
carbon and nitrogen cycles in grasslands and crop–livestock systems (Soussana and Lemaire,
2014).
- Encouraging the transformation of intensive systems through: the integration of livestock and
crop production (e.g. Smith et al., 1997; Devendra and Thomas, 2002; Lemaire et al., 2014;
Peyraud et al., 2014); the adoption of agronomic practices used in those mixed-farming
systems that are the most efficient in the use of nutrients.
- Increasing the sustainability of feed production. For example, soybean production has
expanded significantly due to the growing demand for livestock feed. Soybean production is
associated with high levels of pesticide use and large GHG emissions, linked in part to landuse change with the expansion of production. No-tillage systems reduce GHG emissions, and
together with diversified farming systems, careful use of fertilizers and a rotation of low-stubble
crops (soybean) with high-stubble crops (wheat, maize), there are opportunities to limit the
environmental harm from soybean production (World Bank/CIAT/CATIE, 2014).
The principal merits of intensive systems are that they are associated with lower real prices over time
for consumers, consistent quality, year-round reliability and thus they make a notable contribution to
FSN. This is due to their high productivity, linked to their reliance on innovative technologies and
mechanization but also their systematic externalization of costs. Given that there are concerns as to
the sustainability of the resources on which the livestock sector depends, the environmental footprint
of intensive systems and their impacts on zoonoses, animal health and welfare, governments have
increasingly imposed standards, regulations and financial penalties on the production, confinement
methods, location and environmental impacts of intensive livestock operations. The livestock sector
itself has also voluntarily started to take action to improve environmental sustainability and animal
welfare. However, the sustainability of production is especially compromised in countries where
producers are not held accountable for negative environmental externalities, including where
production-linked subsidies are not conditional upon environmental performance.

4.5 Concluding comments
This chapter demonstrates that there are potential pathways towards SAD, with proven solutions, in all
the farming systems. Even if SAD pathways must be adapted to each context, a solution used in a
given region or system can also inspire stakeholders when elaborating SAD pathways in another
context.
The diversity of farm types across the world cautions against making generalizations with respect to
the pathways and responses towards SAD, even when they may be faced with similar challenges.
There are also differences within particular farming systems, so the context is a key consideration. No
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pathway offers the “silver bullet” for all countries and farming systems. But it is crucial that pathways
chosen are based on scientific evidence and experience-based knowledge.
Countries are not starting from a “clean sheet”, having the luxury of choosing pathways that would be
optimal in terms of SAD for FSN. They must work from where they are now and in the political and
institutional landscape through which decisions will be taken and implemented for the foreseeable
future. All stakeholders will need to improve situations progressively, using the instruments and
approaches likely to lead to high-impact outcomes for FSN, and remembering the importance of longterm change and dynamic effects.
Responses, in a given context, region or system, will need to simultaneously address multiple
challenges, both at the global and farming system levels. In an ideal world, the aim would be to find
and deliver win–win solutions across all the dimensions of SAD. But in practice trade-offs have to be
made, implying difficult choices. For example, the pursuit of economic efficiency may be at the
expense of preserving a way of life for smallholders across the three dimensions of economic,
environmental and social sustainability.
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CONCLUSION AND WAYS FORWARD
Agricultural development is a particularly complex issue because it requires a long-term, integrated
and broad perspective. It means that a very wide vision of the sector itself is needed, including
dynamic links to overall economic development, natural resources, demographic and social issues,
and the trends affecting these aspects in the long term. This report has addressed the issues of
agricultural development from the perspective of FSN in all its dimensions (availability, access,
utilization and stability). It aims at proposing pathways for sustainable agricultural development to
confront the many challenges in order to enhance its contribution to food security and nutrition.
Livestock plays a critical role as an engine for the development of the agriculture and food sector, as a
driver of major economic, social and environmental changes in food systems worldwide, and is central
to understanding the issues around SAD.
The relationships between ASF, nutrition, and health are complex. While small amounts of meat, dairy
and eggs added to grain-based diets have beneficial nutrition effects, excessive amounts of red and
processed meat have been linked to an increased risk of chronic disease. In general, consumption
levels of some ASF needs to contract in some places and among some populations, while increasing
in others. Such a shift would allow for greater convergence of consumption at the global level.
The report recognizes that all the farming systems are under stress and face cross-cutting or specific
challenges that need to be urgently addressed – but that they all have the potential, in different ways,
to progress towards SAD and better contribute to the ultimate goal of FSN for all, now and in the
future.
For some of the challenges identified in this report, there is a considerable body of scientific
knowledge and practical experience available as to what could be done. But there is much less
agreement on how to actually realize the shifts in practices and behaviour needed to address global
and local challenges simultaneously, when actions should be taken, over which period of time, in what
sequence, and by whom. Crucially, many require more knowledge and data, implementation of bettertargeted policies, international cooperation and an institutional architecture to engage stakeholders in
identifying priorities for collective action, addressing trade-offs, while avoiding “free riders” who can
benefit from others’ actions but do not bear the costs of contributing to the solution.
Pathways and operational priorities for actions will, of course, differ across regions, countries and
across farming systems: smallholder mixed, pastoral, commercial grazing, intensive livestock systems,
as well as plant-based systems. Nevertheless, this report suggests a common approach to elaborate
those pathways drawing on three operational principles (improve resource efficiency, strengthen
resilience and secure social equity/responsibility) that both show the direction towards sustainability
and propose concrete ways forward. SAD strategies and policies for FSN have to organise transitions,
starting from the current situation in a given country or farming system, proposing pragmatic and
implementable solutions and ways forward, resulting from political consensus that can be reached
among the different stakeholders involved. Pathways are needed for all farming systems and one of
the critical challenges is to consistently manage the co-existence of systems and their pathways at
supra levels.
In considering innovative pathways to SAD, there are many hurdles to overcome, not least the inertia
of existing food systems and institutional frameworks that can favour the status quo. Alternatives and
transitions may also be constrained by production and consumption path-dependency and
technological lock-in. To change direction is costly, with uncertain results, and takes time. Moreover,
the direction of change can be controversial, in part because it will impact the patterns of distribution of
power, costs, benefits, and risks along the food chains. Different pathways also imply different
requirements of knowledge and resource needs, and challenge the resilience of systems (Thompson
and Millstone, 2011).
This report highlights operational priorities for action, taking into account the constraints and
perspectives of different policy makers and stakeholders. It acknowledges that there could be two
kinds of priority areas of intervention: the most critical which are often also the more difficult to
implement, and those that could show quick progress. In some cases, the most pragmatic way to
move forward to SAD is to begin by actions that are easy to implement, backed not only by strong
scientific evidence but also by sufficient political support and interest from stakeholders. Success in
this first step could be catalytic in the sense that it will not only change the orientation of agricultural
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development but also the perspectives of different stakeholders. This could help to build a political
consensus allowing the implementation, in a second step, of more ambitious actions.
Within this perspective, building on the main findings of this report, the HLPE has proposed a short set
of recommendations for policy-makers and stakeholders with the view to inform political debates in the
CFS and at the national level.
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APPENDIX
The HLPE project cycle
The High Level Panel of Experts for Food Security and Nutrition (HLPE) was created in October 2009
the science-policy interface of the UN Committee on World Food Security (CFS).
The Committee on World Food Security (CFS) is the foremost inclusive and evidence-based
international and intergovernmental platform for food security and nutrition, for a broad range of
committed stakeholders to work together in a coordinated manner and in support of country-led
processes towards the elimination of hunger and ensuring food security and nutrition for all human
beings.46
The HLPE receives from CFS its working mandate. This ensures the legitimacy and relevance of the
studies undertaken, and their insertion in a concrete political agenda at international level. The report
elaboration process ensures the scientific inclusiveness and the independence of the HLPE.
The HLPE produces scientific, policy oriented reports, including analysis and recommendations,
serving as a comprehensive and evidence-based starting point for policy debates at CFS. The HLPE
aims at providing a better understanding of the diversity of issues and rationales when dealing with
food and nutrition insecurity. It thrives to clarify contradictory information and knowledge, elicit the
backgrounds and rationales of controversies, and identify emerging issues.
The HLPE is not mandated to conduct new research. The HLPE draws its studies based on existing
research and knowledge produced by various expertise-providing institutions (universities, research
institutes, international organizations etc.), and adding value by global, multi-sectoral and
multidisciplinary analysis.
HLPE studies combine scientific knowledge with experiences from the ground, in a same rigorous
process. The HLPE translates the richness and variety of forms of expert knowledge from many actors
(knowledge of local implementation, knowledge based on global research and knowledge of “best
practice”) that draw on both local and global sources, into policy-related forms of knowledge.
To ensure the scientific legitimacy and credibility of the process, as well as its transparency and
openness to all forms of knowledge, the HLPE operates with very specific rules, agreed by the CFS.
The HLPE has a two-tier structure:
1. A Steering Committee composed of 15 internationally recognized experts in a variety of food
security and nutrition related fields, appointed by the Bureau of CFS. HLPE Steering
Committee members participate in their individual capacities, and not as representatives of
their respective governments, institutions or organizations.
2. Project Teams acting on a project specific basis, selected and managed by the Steering
Committee to analyse/report on specific issues.
The project cycle to elaborate the reports (Figure 9) includes clearly defined stages, starting from the
political question and request formulated by the CFS. The HLPE institutes a scientific dialogue,
building upon the diversity of disciplines, backgrounds, knowledge systems, the diversity of its
Steering Committee and Project Teams, and open e-consultations. The topic bound and time bound
Project Teams work under the Steering Committee’s scientific and methodological guidance and
oversight.
The HLPE runs two open consultations per report: first, on the scope of the study; second, on a V0
“work-in-progress” draft. This opens the process towards all experts interested as well as to all
concerned stakeholders, which are also knowledge-holders. Consultations enable the HLPE to better
understand the issues and concerns, and to enrich the knowledge base, including social knowledge,
thriving for the integration of diverse scientific perspectives and points of view.
It includes an external scientific peer-review on a pre-final draft. The report is finalized and approved
by the Steering Committee during a face-to-face meeting.
HLPE reports are published in the 6 official languages of the UN (Arabic, Chinese, English, French,
Russian and Spanish), and serve to inform discussions and debates in CFS.
All information regarding the HLPE, its process and all former reports is available at the HLPE
Website: www.fao.org/cfs/cfs-hlpe.
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Figure 9

HLPE project cycle
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