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Preface

This volume, and its companion featuring international
case studies, is the result of an integrated collaboration
involving a large community of experts from around the
world in the planning, writing, and review of information and ideas. The goal of this effort was to achieve an
integrated view of the global livestock sector, its drivers, consequences, and responses to issues of concerns,
alongside with current practices and possible future scenarios. This effort sought to understand the opportunities enhancing the positive trends of this fundamental
endeavor as well as providing insights into the negative
impacts on environmental, health, and social aspects. In
order to achieve this overview, many academic, technical, and socioeconomic experts engaged to consider the
multiple dimensions of the livestock industry, working
together and learning from one another, to produce these
volumes.
This effort would not have been possible without
the tireless support of many organizations, including
the United Nations Food and Agricultural Organization (FAO); International Livestock Research Institute

(ILRI); FAO Livestock, Environment and Development
Initiative (LEAD); the Scientific Committee on Problems
of the Environment (SCOPE); the Swiss College of Agriculture (SHL) of the Bern University of Applied Services;
the French Agricultural Research Centre for International Development (CIRAD); and the Woods Institute
for the Environment at Stanford University.
The FAO headquarters in Rome and the FAO Regional Office for Asia and the Pacific in Bangkok and
the Center for Environmental Science and Policy at Stanford University hosted planning and final consultation
meetings. We sincerely thank everyone, whose valuable
expertise was appreciated; in particular, Linda Starke,
Carolyn Opio, Anne Schram, and Charlotte Arthur, who
provided key editorial support. Claudia Ciarlantini provided graphic support throughout the final preparations.
In addition, the critical review process involved many
individuals who contributed their time, expertise, and
insight. The editors are grateful for the dedication and
patience shown by all who were involved.
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Executive Summary

The main technical volume and the case study volume
take a detailed, comprehensive, and integrated look at
the drivers of the global livestock sector; at the social, environmental, and health consequences of livestock production; and at the variety of responses to opportunities
and threats associated with the sector. What emerges is
indeed a picture of “Livestock in a Changing Landscape,”
where economic, regulatory, and environmental contexts
are changing rapidly, as are the modes of production.
Benefits and costs are distributed rather unevenly, and
a variety of diseases and environmental threats are the
source of growing concern.
Throughout history, livestock have been kept for a
variety of purposes, with the almost exclusive focus on
food use of livestock in modern agricultural systems being a relatively recent development. But in many developing countries, livestock are still a critical support to
the livelihoods of people who live in or near poverty, and
it is here that nonfood uses remain predominant. These
include the use of animals for work and as a source of
fertilizer (manure), as a means to store wealth, and as a
buffer to hedge against the vagaries of nature and other
emergencies. Livestock are often the only way to use
marginal land or residues and waste material from food
and agriculture. Livestock, or symbols of them, also play
an important role in religious and cultural lives.
The nonfood uses of livestock, however, are in decline and are being replaced by modern substitutes. Animal draft power is replaced by machinery, and organic
farm manure by synthetic fertilizer. Insurance companies
and banks replace the risk management and payment
functions of livestock. The many purposes for which
livestock are kept are vanishing and being replaced by an
almost exclusive focus on generating food for humans—
meat, eggs, and milk. Hides and fiber still play a role, but
these pale in comparison to food uses.
Over recent decades there has been a demand-led
rapid expansion of production and consumption of animal products, the so-called livestock revolution. Demand
for meat, for example, is projected to double between
2000 and 2050. Population and income growth coupled
with urbanization has driven this demand. On the supply side, the livestock revolution has been fed by inexpensive, often subsidized grains, cheap fuel, and rapid

technological change. This is particularly evident in
poultry, pork, and dairy production. The rapid development of the livestock sector has occurred in a global environment that has been favorable to capital and market
liberalization and to rapid technology flows. The recent
decades have also been a period of neglect with regard
to the environmental and livelihood consequences of
livestock production. The response to changing disease
patterns and public health threats has been slow and
inadequate in many places. Similarly, the need for evergrowing amounts of animal-derived food in the diets of
affluent consumers is increasingly questioned on health
and environmental grounds.
In industrial countries, however, demand for livestock
products is stagnant or even in gradual decline, particularly among the educated and wealthy, where concerns
about health aspects, environmental issues, and animal
welfare have become more widespread. Some saturation
has even started to occur in developing countries, and
recent price increases in livestock products may further
dampen demand. Yet in most of sub-Saharan Africa and
parts of South Asia, the livestock revolution has yet to
occur. Overall, however, demand for livestock products
may soften, and the recent economic downturn may
limit expenditures, particularly for expensive livestock
products such as beef. Competition for land is ever more
acute, and prices for feed have reversed their decade-long
declining trend. Other critical inputs to livestock production, such as water, energy, and labor, are also becoming
more expensive. A still more daunting challenge is the
fact that land-based livestock production is particularly
exposed to the vagaries of climate change.
Increases in livestock production have come from increases in animal numbers and in yields per animal. The
latter has been particularly important in dairy, pork, and
poultry production and has been facilitated by the rapid
spread of advanced production technologies and greater
use of grains and oil crops in animal feeds.
Livestock production is practiced in many different forms. Like agriculture as a whole, two rather disparate systems exist side by side: in one case, livestock
are kept in traditional production systems in support
of livelihoods and household food security; at the same
time, commercially intensive livestock production and
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associated food chains support the global food supply
system. The latter provide jobs and income to producers
and others in the processing, distribution, and marketing
chains and in associated support services.

Social Issues
Livestock have an overwhelming importance for many
people in developing countries; close to a billion poor
people derive at least some part of their livelihood from
livestock in the absence of viable economic alternatives.
Livestock production does not require ownership of land
or formal education, can be done with little initial investment, and can be transformed into money as and
when required. As part of a livelihood strategy, livestock
not only provide food, energy, and plant nutrients; they
also have an asset function, in that they hedge against
risks and play numerous sociocultural roles. The poor
are mainly found in small mixed farming systems (less
than two hectares) and in pastoral, dryland, or mountain areas. Projections indicate that small farms will continue to be a prominent feature in rural areas in the next
decades.
Many poor producers have not benefited from livestock sector growth, however, as shown in China or India, where in the context of rapidly increasing demand
for livestock products, large-scale industrial production
units have grown rapidly, displacing, at least partially,
the smallholder production system. Similarly, there is a
risk of overuse of natural resources, leading to long-term
environmental damage. On the contrary, many producers have been marginalized and excluded from growing
markets. The exclusion of small producers from growing
markets is often the result of heightened market barriers
in the form of sanitary and other quality standards and
of unfavorable economies of scale.
Soaring demand for animal products and competitive pressures in the sector have led to the emergence and
rapid growth of commercialized industrial production.
Here, large-scale operations with sophisticated technologies are based on internationally sourced feed and cater
to the rapidly growing markets for poultry, pork, and
milk. The traditional middle-level mixed family farms,
while important in many places, are often relegated to
the informal market and gradually squeezed out as formal market chains gain hold. In some areas, however,
small producers have the potential to contribute in a
sustainable way to increased production, provided the
constraints of high transaction costs and product quality
can be addressed.
At the same time, emerging industrial production
benefits from considerable economies of scale, and labor requirements decline dramatically with growing intensification. The trend to reduce human–animal contact
for health reasons further reduces employment opportunities. As a consequence, the modern livestock sector
provides dramatically fewer people with income and

employment than the extensive traditional sector did.
This is only in part compensated by employment in the
agroindustries associated with the livestock sector, such
as feed mills and other input suppliers, slaughterhouses,
dairy plants, and processing and retailing facilities.
Another feature of the changing landscape is that the
locus of production is shifting. Because of infrastructure
weaknesses in many developing countries, growth in the
livestock sector is often limited to the outskirts of major
consumption centers. Both intensive livestock production
and associated agroindustries tend to be located here; as
a result, employment and income opportunities move
away from rural areas where traditional livestock raising
is located. The dramatic growth in livestock production
has therefore not led to broad-based rural growth and
has not been tapped by the majority of smallholder producers. However, rapid intensification and industrialization have helped urban consumers as prices declined and
accessibility increased.
Effective responses to these social issues have been
largely absent. Although there have been many efforts
to upgrade smallholder practices and, to a certain extent, the institutional framework in which they operate,
this has had very little perceptible impact. Rather, many
producers, particularly in rapidly developing economies,
have abandoned livestock farming as an activity. As long
as growing secondary and tertiary sectors can absorb excess labor, this does not necessarily need to be deplored.
Evidence shows that smallholder production can
remain competitive where market barriers can be overcome and transaction costs can be reduced. This requires
different institutional formats, such as cooperatives, that
manage input supplies and marketing as well as the provision of knowledge. Elsewhere, contract farming, particularly in pig and poultry production, has had some
success in allowing producers to remain in business, even
though these farmers were seldom poor. One example
of this approach is Nestlé, a large company that demonstrates how global markets can work for a large number
of smallholders. The provision of credit to small producers has also proved effective, at least in part.

Environment and Natural Resources
Livestock affect the global climate, water resources,
and biodiversity in major ways. Livestock occupy over
one-fourth of the terrestrial surface of the planet, on
pasture and grazing lands, of which a significant part is
degraded. Expansion of pasture occurs in Latin America
at the expense of forests. Concentrate feed demand occupies about one-third of total arable land. Pasture use
and the production of feed are associated with pollution,
habitat destruction, and greenhouse gas emissions. Livestock are also an important contributor to water pollution, particularly in areas of high animal densities. Both
extensive and intensive forms of production contribute
to environmental degradation and destruction.
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Livestock, through associated land use and land use
change, feed production, and digestive processes and
waste, affect global biogeochemistry in major ways, particularly the carbon and nitrogen cycles. A large part of
this alteration manifests itself in livestock’s contribution
to global greenhouse gas emissions in the form of carbon
dioxide, methane, and nitrous oxides.
Extensive production is practiced by many poor producers who use low-cost or no-cost feed in the form of
natural grasslands, crop residues, and other waste materials. However, a large part of the world’s pastureland is
degraded—releasing carbon dioxide, negatively affecting
water cycles, altering vegetation growth and composition, and generally affecting biodiversity. Forest conversion to pasture and crops has important consequences
for climate change and biodiversity. Pastoralists, in particular, are threatened as they lose access to traditional
grazing areas as the threat of climate change increases,
especially for Africa.
The environmental problems of intensive production
are also associated with the production of concentrate
feed and the disposal of animal waste. Feed production
usually requires intensively used arable land and a concomitant use of water, fertilizer, pesticides, fossil fuels,
and other inputs, affecting the environment in diverse
ways. Even if increased feed production has mostly been
achieved through intensification, the expansion of the area
dedicated to production of crops such as soybean is now a
major driver of deforestation in the Amazon region.
Because only a third of the nutrients fed to animals
are absorbed, animal waste is a leading factor in the pollution of land and water resources, as observed in case
studies in China, India, the United States, and Denmark.
Total phosphorus excretions are estimated to be seven
to nine times greater than that of humans, and livestock
excreta contain more nutrients than are found in the inorganic fertilizer used annually. Through growing feed
crops and managing manure, the livestock sector also
emits nitrous oxides (a particularly potent greenhouse
gas) and methane.
Policy makers have largely ignored environmental issues related to livestock, often because of the large role
that livestock play in sustaining livelihoods and rural life.
Some industrial countries have made sustained efforts,
especially since the 1980s, to control waste management, with a particular focus on water pollution. Some
countries, such as Denmark, have successfully reduced
nitrogen leaching from animal operations. However, climate change issues related to livestock remain largely
unaddressed.

Human and Animal Health Issues
Human health is affected by the livestock sector through
the impact of animal source food products on human nutrition and through diseases and harmful substances that
can be passed on by livestock and livestock products.

With regard to nutrition, animal source food products can be of great benefit for people who suffer from
undernourishment and for those who need a diet higher
in fats and protein, such as children and pregnant women.
Consequently, livestock products play a large role in efforts that target improving nutrition in poor and middleincome countries—although other sources of protein and
essential micronutrients might also be available at lower
environmental cost. At the same time, livestock products
can contribute to unbalanced diets, leading to obesity
and unhealthy physical conditions. These meat products
are often singled out when consumed in excessive quantities as causes or contributing factors to a variety of
noninfectious diseases, including cardiovascular disease,
diabetes, and certain types of cancer. Increasingly, this is
being addressed by public education programs, but until
now these have had little measurable impact.
Animal diseases have the potential to adversely affect people by reducing the quantity and quality of food
and other livestock products. Transboundary animal diseases tend to have the most serious consequences. Many
diseases are zoonotic, with the ability to be transmitted from animals to humans, threatening both human
and animal well-being. Zoonotic disease outbreaks often take the form of grand-scale emergencies, requiring
rapid action to prevent food supply systems and markets
from collapsing.
Changing ecology, the increased mobility of people
and movement of goods, and the shifting and often reduced attention by veterinary services have led to the
emergence of new diseases, such as highly pathogenic
avian influenza (HPAI), and to the reemergence of traditional ones such as tuberculosis. Emerging diseases are
closely linked to changes in the production environment
and livestock sector structure.
The focus of health concerns differs, depending on
whether diseases are considered from a poverty/livelihood
point of view or from a global food supply perspective.
Certain diseases, such as foot-and-mouth disease, may
have minor implications for smallholder production, but
their presence excludes entire countries from international
trade in livestock products. The control of diseases therefore tends to have far-reaching and often contrasting
impacts on constituents in the livestock sector; for example, movement restrictions and sanitary controls may
effectively exclude smallholders from markets and may
deprive them of livestock as a livelihood option.
The coexistence of functional modern operations
alongside traditional operations, in addition to environmental factors, contributes to the emergence and
spread of diseases. HPAI has flourished in particular
where backyard systems interact with wildlife and are
connected via market channels to production systems of
medium and high intensity. This explosive mix has its
fuse in the structure of livestock sectors, and sector heterogeneity often results from sector protection.
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The Challenges
The challenges posed by the livestock sector cannot possibly be solved by a single string of actions, and any actions require an integrated effort by a wide variety of
stakeholders. These need to address the root causes in
areas where the impact of livestock is negative. They also
need to be realistic and take into account the livelihood
and socioeconomic dimensions. For example, although
in some quarters reduced intake is touted as the most
effective way to address negative impacts, most people
are shifting, or would likely shift if their incomes allowed, toward consuming more livestock products. Accepting individual food choices, and considering social
and economic realities, several principal considerations
emerge.
First, given the planet’s finite land and other resources,
there is a continuing and growing need for further efficiency gains in resource use of livestock production
through price corrections for inputs and the replacement
of current suboptimal production with advanced production methods. There appears to be little alternative
to intensification in meeting the bulk of growing demand
for animal products. Although niche products from extensive systems may be of importance in some markets,
the bulk of animal protein supply will need to come
from intensified forms of production in order to reduce
substantially the requirements for natural resource use,
such as nutrients, water, and land. The trends toward
larger scales of production are determined by economies
of scale and scope and are to a large extent inevitable.
The current trend toward monogastric production and
crop-based animal agriculture will likely continue and
possibly accelerate if competition for land accentuates.
Ruminants and roughage-based production will continue to decrease in importance; and though not mutually exclusive, this will need to balance the production of
animal products with the provisioning of environmental
services, including carbon sequestration, water resources,
and biodiversity. Particularly in marginal areas, this balance is critical because the value of environmental services will predictably grow sharply, limiting the use of
these areas for livestock production.
Second, livestock are a suitable tool for poverty reduction and economic growth in poor countries and areas that are not fully exposed to globalized food markets.

Smallholder dairy production and certain types of cooperatives and contract farming provide opportunities
for smallholder livestock production. In rapidly growing and developed areas, economies of scale and market
barriers will continue to push smallholders out of production, and alternative livelihoods need to be sought in
other sectors. Intensification and efficiency gains from
economies of scale mean that fewer and fewer people
will depend on livestock production for their livelihood.
Policies need to support the transition process so as to
avoid social hardship and prevent rapid loss of livelihoods in cases where alternatives cannot be provided.
There is more promise for growth linkages in associated
agrofood industries than in primary production. Notable
exceptions are dairy production in favored environments
and, to some extent, poultry. In these cases, there is scope
for smallholder development and a reasonable chance to
compete, at least for some time to come. For the most
part, however, livestock production is overwhelmingly
important in sustaining livelihoods but less in providing
a pathway out of poverty. Social safety nets and exit options are required for those left behind.
Third, food chains are getting longer and more complex in response to challenges and opportunities from
globalization. As a consequence, food safety and quality requirements need to be applied to food chains, and
sanitary requirements will be linked to them. The specific location of production and its disease status will
likely become a secondary issue. Similarly, private standards are likely to be predominant over public ones. As
a consequence, animal health and food safety policies
will need to be applied to segments of food chains rather
than territories. Public policies must foster international
collaboration, upgraded monitoring of disease threats,
and early reaction.
The changing landscape for the livestock sector as
determined by social, economic, and biophysical aspects
requires the urgent attention of policy makers, producers, and consumers alike. The institutional void and the
systemic failures apparent in widespread environmental
damage, social exclusion, and threats to human health
need to be addressed with a sense of urgency. Only then
can the livestock sector, with its vast diversity of people,
critical issues, and constraints, move forward on a responsible development path.
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Introduction

The domestication of plants and animals and the development of agriculture was a huge leap forward for
human societies, leading to sedentary communities and
some insurance against the vagaries of nature. Over the
thousands of years since these innovations there have
been continual improvements in the utility of domesticated organisms for humans through selection, and more
recently though genetic engineering, as well as equally
impressive improvements in cultural techniques and
technological innovations, such as the industrial production of nitrogen fertilizers. These developments have
been so successful that they have freed large segments of
society to pursue endeavors other than seeking food and
clothing and hence to produce other kinds of goods and
services. They have fueled an increasing human population, the accumulation of per capita wealth, and an increase in individual consumption of natural resources.
Animal production systems, from the most ancient to the
industrial, involve a large fraction of society and most
certainly a large fraction of the natural resources needed
to support these systems.
As recently documented in numerous publications,
these agricultural advances and their inadvertent consequences are casting a long shadow over the environment and human societies. This book concentrates on
one large and important sector of agriculture: livestock.
It takes a comprehensive view of livestock—considering
industrial or so-called landless animal production as
well as extensive grazing systems used on a large fraction of Earth’s land surface. No matter where and how
livestock are produced, they have an impact on the environment cumulatively, and increasingly in very indirect
and complex ways. As the web of interaction among
places distant in space becomes more complex due to
globalization, humankind must be aware of the connective threads in order to be alert to inadvertent negative
consequences or just plain overlooked adverse impacts
to human welfare.
It is becoming more evident that livestock production is having far-reaching impacts not only on the environment directly but also on many social and human
health endeavors and concerns. Massive social shifts are
occurring related to livestock because of the altering
and blending of diverse cultural viewpoints as well as

the complex and rapidly changing global economic drivers that have dramatically altered how animal protein is
produced and the resources required. Globalization has
brought many benefits, but it has also opened floodgates
that allow the rapid movement of pests and diseases.
What we attempt in this volume is to examine the
many pieces of this complicated endeavor in order to determine the drivers of the many dramatic changes being
seen, their consequences—historically, at present, and
possibly in the future—and what can be done to have
more favorable outcomes in the livestock industry, given
the growing understanding that a simple fix for any one
dimension of the problem may well exacerbate an additional adverse effect. Many little changes can make a big
difference, but changes made in an integrated and considered manner, although difficult, may well have even
greater benefits.
This volume examines the drivers of change in the
livestock industry in the context of trends in agriculture
as a whole. The analysis attempts to explain the revolution occurring in the livestock sector in terms of production methods and the increasing demands for animal
protein and to give some texture to the differences in
these developments among regions of the world.
The characterization of the changing drivers sets
the stage for an analysis of the environmental impacts
of previous and current livestock production methods.
In this section we focus on an array of production systems—from traditional extensive grazing approaches to
the very prevalent mixed farming systems and the increasingly important industrial methods.
This analysis takes in part a biogeochemical approach regarding carbon, nitrogen, and water in order to
determine the role of livestock production in the largescale alterations that are occurring to the basic functioning of Earth, including the fundamental climate system.
Various chapters also look at these processes and impacts at the local level, giving a sense of how small-scale
impacts cascade into global impacts. The analyses tease
out how adverse effects are generated, thus laying the
foundation for subsequent chapters on how to alleviate
unintended consequences. The complexities of these interactions, both locally and globally, were clearly demonstrated during the preparation of this volume, when
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fossil fuel costs spiked at a very high level—stimulating
biofuel production and leading to the “fuel versus food”
debates, actions, and reactions.
The biological diversity of the landscape represents
the building blocks of ecosystems and hence of the services that they provide to society. An important part of
this assessment is an analysis of the impact of animal
production—favorable as well as unfavorable—on the
basic biodiversity of landscapes and the consequences of
these changes on the delivery of services in addition to
the production of animal protein and the sustenance of
livelihoods.
The global scale of animal production systems is
huge. The rapidly changing nature of these systems, especially increasing intensification and globalization, is
playing out in complex ways across the globe. Social systems are being altered with both negative and positive
consequences in differing parts of the world. Impacts are
being seen on systems with very long traditions that have
actually been shaped over generations by primary dependence on livestock for many of life’s necessities. The loss
of these traditions is yet another element of globalization
and the biotic and social homogenization that is resulting. What the future will bring, and how quickly, are discussed here. In addition, the way the changing nature of
the livestock sector is variably affecting the many stakeholders—providing and eliminating markets, especially
for small landholders—is analyzed.
The impact of animal products in human nutrition
is highly variable across the globe; people in some developing nations are struggling to obtain sufficient protein
for optimal human growth and development, whereas in

other regions people are consuming more than is healthy.
This volume discusses these trends, along with another
side of human health—the threats of animal-borne
diseases. The authors look at how various animal production systems, along with global trade, protective measures, and various management approaches, can affect
human health. These will be growing and increasingly
complex issues for consideration in the years ahead.
Finally, and the central objective of the whole effort, we conclude with a section on what institutional
and social options are available and vital when considering bringing animal production systems toward more
environmentally and socially sustainable practices. This
analysis also considers not only the projection of the
massive changes and trends that are already in place but
also some of the surprises that may be in store as the
many other human endeavors compete for increasingly
limited yet vital shared resources.
This book is the result of the collaboration of many
scientists and experts from around the world who engaged in a mutual learning process to try to piece together the complex story of the “changing landscape”
of livestock production systems globally. A companion
volume provides a more in-depth view of national and
regional issues. Together, these two volumes provide insights on the range of positive and negative consequences
of livestock production on the environment, on social
systems, and on human health, at both global and local
scales, as well as the various approaches that could potentially alleviate the negative impacts while taking into
account the growing needs of society.
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Part I

Drivers of Change
Drivers: Perspectives on Change
Fritz Schneider

The world’s population is predicted to increase by 1%
annually between 2000 and 2030; increasing from 6.1
billon in 2000 to 8.2 billion in 2030, with a somewhat
slower growth rate to 9.0 billion by 2050. During the
same time, the demand for livestock products will increase rapidly and disproportionately. This large increase
is due to a number of major drivers of change: population increase, demographic shifts (urbanization, a higher
percentage of women in the workforce), rising incomes,
technology in food chains, and the liberalization of trade
and capital. In these contexts, the rapid increase of intensive and confined livestock production and the land and
livelihood needs of extensive production systems will be
crucial challenges. Furthermore, the livestock sector will
emerge as a very significant contributor to environmental
problems at every level—from local to global—including
land degradation, climate change, air pollution, water
shortage, water pollution, and loss of biodiversity.
Part I introduces this two-volume set by putting the
drivers of change in global agriculture and livestock systems into context with recent developments. Over decades, global agriculture has met the demand for food
and nonfood products, as evidenced by growth in agricultural output and long-term decline in commodity
prices. The sharp and sudden increase in commodity
prices in late 2007 and 2008 was followed by an equally
sudden decrease in early 2009 to the levels of 2007. Critical factors are briefly analyzed, and the interdependence
between these massive price shocks (in both directions)
and the major drivers of change in global agriculture and
livestock systems are illustrated. The spike in food prices
has forced millions of people into poverty and hunger,
showing that such fluctuations dramatically and negatively influence the weakest sections of the human populations worldwide but mainly in developing countries.
The chapters in Part I on drivers of change offer an
in-depth analysis and discussion of major driving forces
of identified global regional and local changes and set the
stage for Parts II and III on consequences and responses,
respectively. In Chapter 1, the most important driving
forces are illustrated, and the factors influencing these
drivers and their interactions are analyzed. The chapter

elaborates on trends in consumption, retail and supply
chains, food production systems, and changes in trade
patterns, mainly from the macroeconomic perspective.
In Chapter 2, the authors highlight the following
facts: the share of all animal products in human diets is
continuing to increase in developing countries, income
growth is a major driver of increasing consumption, urbanization of populations accelerates consumption, and
population growth and structure have impacts on total
consumption. Global animal production is shifting from
industrial to developing regions, and technological improvements will make livestock production more efficient
and effective. The chapter also details health, nutrition,
and food safety concerns and describes the trends in international trade of livestock and livestock products.
Chapter 3 provides a comprehensive analysis of drivers such as land, water, fossil fuels, climate, and climate
change, illustrating their effects on livestock and feed production, and looks at the competition for these resources.
The authors analyze productivity trends and briefly discuss trends and progress in production technology. Policies and institutions as well as the regulatory framework
and incentives are important driving factors. The authors
put these drivers into perspective in the context of economic, social, and ecological dimensions. The resulting
structural changes within the production systems are described and discussed. In conclusion, the authors discuss
the intensification of production and processing in order
to leverage economies of scale and to strictly apply the
“polluter pays, provider gets” principles.
In Chapter 4, the authors suggest that location matters when it comes to environmental, social, and health
issues of growing livestock production and consumption.
They explain that, on the one hand, land use intensification and clustering of operations is mainly associated
with pig, poultry, and dairy production and, on the other
hand, expansion and land marginalization are mainly associated with ruminant meat production in specific but
large regions. This chapter concludes that the three major factors determining the transition are cheap transport
costs, input prices, and shifting relocation of demand for
animal products.
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Drivers of Change in Global Agriculture and Livestock Systems*
Prabhu Pingali and Ellen McCullough

Main Messages
• Over the past four decades, agricultural growth
has contributed to poverty reduction and economic
growth in the developing world, while also allowing
food supplies to keep pace with growing demand.
• Economic, demographic, and technological factors
have been responsible for the transformation of
food systems. These drivers include income growth,
urbanization and rising female employment, technological
change, and the liberalization of trade and capital.
• Due to rising incomes and falling food prices over the
last 40 years, consumers’ diets in developing countries
have diversified out of staples and toward highervalue foods, such as fruits and vegetables, meat and
dairy, and foods consumed in processed forms. This
dietary shift has fueled and been fueled by major changes
in the food retail sector, most notably the rapid spread of
supermarkets throughout the developing world.
• From retailers to wholesalers, processors, and input
providers, major organizational changes have taken
place throughout the food chain. Growing concentration
is apparent at all levels, and a greater emphasis is placed
on forward and backward linkages between food chain
players.
• With major shifts in the types of products demanded
and the terms by which they are procured, smallscale farmers are facing difficulty complying with
product standards and meeting buyers’ requirements.
• A major challenge across food systems is to increase
farmers’ productivity with respect to factors of
production, so that farmers can stay afloat despite
rising input costs.
* The views expressed in this chapter are those of the authors
and should not be attributed to the Bill & Melinda Gates Foundation.

• Global meat production has tripled in the past three
decades and should double its present level by 2030.
The livestock sector is marked by intensification and a shift
from pasture-based ruminant species to feed-dependent
monogastric species.
• The global value of traded agricultural goods has
grown tenfold since the 1960s, with composition
shifting toward higher-value and more-processed
products. Many farmers in developing countries have
diversified into higher-value crops in response.

Introduction
Over the past four decades, global agriculture has met
the demand for food and nonfood products, as evidenced
by growth in agricultural output and a long-term decline
in commodity prices. Though prices for major commodities spiked sharply between the fall of 2007 and 2008,
they returned to their pre-spike levels by early 2009
(FAO 2008a). Some evidence suggests the world may be
experiencing a reversal of the sustained decline in commodity prices due to structural shifts in demand, such
as rising demand for food and animal feed in emerging
economies and for biofuels stock. However, the speed at
which prices rose and fell indicate that the acute price
crisis cannot be attributed to changing demand alone.
Critical factors in the food price spike were supply
shocks, especially drought in important export-oriented
bread baskets, and commodity speculation, which may
have been partially fueled by expectations of demand
for biofuels stock. Reactionary policy measures, such
as banning exports and grain hoarding, exacerbated the
problem. The food crisis forced an estimated 100 million people into poverty and 70 million people into hunger (FAO 2008b, Ivanic and Martin 2008). Low income
food deficit countries, such as Haiti, were hit hard by
rising food import bills. Over the medium to long term,
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the United Nations Food and Agriculture Organization
(FAO) and the Organization for Economic Cooperation
and Development (OECD) predict that prices for major
food commodities will increase some relative to 2000
levels, but much less dramatically than what was experienced in 2008 (OECD/FAO 2008). One important outcome of the food crisis was the unprecedented media and
political attention paid to the agricultural sector, which
resulted in substantial financial commitments to the sector. The attention faded as prices began to fall and as the
financial crisis began to unfold.
Agricultural growth has contributed to improvements in food security, poverty reduction, and overall economic growth in much of the developing world.
The success in increasing agricultural production has
not, however, been shared uniformly across regions and
countries. Many of the least developed countries, particularly in sub-Saharan Africa, and marginal production
environments across the developing world continue to
experience low or stagnant agricultural productivity, rising food deficits, and high levels of hunger and poverty.
Economic development is almost always accompanied by
a falling share of agriculture in GDP. Globally, the share
of agriculture in total GDP has fallen from 9% in the
early 1970s to 4% in recent years (World Bank 2006a).
This number is considerably higher in developing countries, although it is also on the decline. Countries can be
characterized by the extent to which agricultural growth
has contributed to economic growth, and the extent to
which the poor people in a given country depend on agriculture for income (World Bank 2008).
Agricultural economies are those in which growth
in agriculture is a large contributor to GDP growth and
where the majority of poor people are found in rural
areas and are largely concentrated in sub-Saharan Africa. Failed states and areas of conflict are almost always
marked by low per capita GDP and a high share of agriculture in the economy. Transforming economies are
also characterized by rural poverty, but their economic
growth no longer results predominantly from agricultural growth. Most transforming economies are found
in Asia. Finally, urbanized economies are those in which
the majority of poor people live in urban areas and agriculture is not a major source of economic growth. These
urbanized economies are concentrated in Latin America.
In agricultural economies, agricultural growth is a means
of achieving both economic growth and poverty reduction. In transforming economies, agricultural growth is
essential for poverty reduction but not necessarily for
economic growth. In urbanized economies, there are still
many opportunities for agricultural growth to contribute to poverty reduction, and there is also a compelling
need to manage large labor flows out of the agricultural
sector (World Bank 2008).
The process of agricultural development also occurs
amidst a major organizational transformation of food

systems that was well under way by the 1990s. These
changes have been led by consumption trends but were
reinforced by transformation in the retail sector as well
as innovations in production, processing, and distribution technologies.

Drivers of Change
Four important driving forces in agriculture are together responsible for major global shifts in consumption, marketing, production, and trade: rising incomes,
demographic shifts, technology in food chains, and the
liberalization of trade and capital. It is not possible to
tease out each driver’s individual effects, so a brief introduction of the drivers will be followed by a more
detailed discussion of their collective influence on food
systems.
Per capita incomes have risen substantially in many
parts of the developing world over the past few decades.
In developing countries, per capita income growth averaged around 1% per year in the 1980s and 1990s but
jumped to 3.7% between 2001 and 2005 (World Bank
2006b). East Asia has led the world with sustained per
capita growth of 6% per year in real terms since the
1980s. In South Asia, growth rates have been consistently positive since the 1980s although not as spectacular. Eastern Europe and Central Asia experienced
economic decline in the 1990s but have since obtained
per capita growth rates of 5% per year. Latin America
and sub-Saharan Africa have also experienced negative
growth rates, which reversed themselves in the 1990s in
Latin America and since 2000 in sub-Saharan Africa. Income growth is closely linked with higher expenditure
on food items and with diet diversification out of staples (known as Bennett’s law). The effect of per capita
income growth on food consumption is most profound
for poorer consumers who spend a large portion of their
budget on food (Engel’s law).
Both urbanization and rising female employment
have contributed to rising incomes for many families
in developing countries. Urban dwellers outnumbered
rural populations for the first time in 2007 (UN 2006).
Female employment has at least kept pace with population growth in developing countries since 1980 (World
Bank 2006a). Female employment rates have risen substantially in Latin America, East Asia, the Middle East,
and North Africa since the 1980s. As wages increase, urban consumers are willing to pay for more convenience,
which frees up their time for income-earning activities
or leisure. This results in a growing demand for more
processed foods with shorter preparation times. Higher
rates of female participation in the work force have been
linked to greater demand for processed foods (Pingali
2007, Popkin 1999, Regmi and Dyck 2001).
Technological innovation in agribusiness has contributed to major organizational change in food distribution,
processing, and production. Firms have responded to
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variability in consumer demand by developing advanced
planning systems that use quantitative modeling tools
(Kumar 2001). They have then used communication
tools to improve the efficiency of coordination between
actors along the supply chain to shorten the response
time to demand fluctuations. The Universal Product
Code (UPC) emerged in the 1970s from a retail industry–led initiative to standardize a system for identifying
products and managing inventories (King and Venturini
2005). Since then, other initiatives for standardizing
data transfer along supply chains and across the industry have followed. While innovations in information and
communications technology have allowed supply chains
to become more responsive, innovations in processing
and transport have made products more suitable for
global supply chains. Packaging innovations throughout the second half of the twentieth century continued
to extend food products’ shelf lives (Welch and Mitchell
2000). Meanwhile, a downward trend in transportation
costs and widespread availability of atmosphere-controlled storage infrastructure has made it cost effective to
transport products over longer distances. Raw materials
have been engineered to meet processing standards and
improve shelf life through conventional breeding, and,
more recently, genetic engineering.
“Globalization” is marked by liberalization of trade
and foreign direct investment in retail and in agribusiness. Trade has matched, but not outpaced, worldwide
growth in food consumption. However, trade has shifted
toward higher-value and more processed products and
away from bulk commodities (Regmi and Dyck 2001).
Foreign direct investment (FDI) in agriculture and the
food industry grew substantially in Latin America and
Asia between the mid-1980s and mid-1990s, although
investment remained very low in sub-Saharan Africa
(FAO 2004). In Asia, FDI in the food industry nearly
tripled, from $750 million to $2.1 billion between 1988
and 1997. During that same period, food industry investment exploded in Latin America, from around $200
million to $3.3 billion. (Since 1997, it has been difficult to track FDI in the food industry due to changes
in data reporting by the UN Conference on Trade and
Development.)

Trends
Consumption
The gains in world average food consumption reflect
predominantly those of the developing countries, given
that the industrial countries already had fairly high levels
of per capita food consumption in the mid-1960s. The
overall progress of developing countries has been decisively influenced by significant gains made in East Asia.
Historical trends toward increased food consumption per
capita as a world average and particularly in developing
countries will likely continue in the near future, but at a

slower rate than in the past as more and more countries
approach medium to high per capita income levels. Real
food prices have declined over the last 40 years, which
gives even consumers whose income levels have not risen
access to improved diets.
Income growth and urbanization in particular are
feeding dietary diversification in many parts of the world.
Per capita meat consumption in developing countries
tripled between 1970 and 2002, while milk consumption increased by 50% (Steinfeld and Chilonda 2005).
Dietary changes are most striking in Asia, where diets
are shifting away from staples and increasingly toward
livestock products, fruits and vegetables, sugar, and oils
(Pingali 2007). Diets in Latin America have not changed
as drastically, although meat consumption has risen in
recent years. In sub-Saharan Africa, perhaps the most
striking change was a rise in sugar consumption during
the 1960s and 1970s (FAO 2006).
Retail and Supply Chain
Growth in the number and size of large urban centers
creates opportunities for establishment of large supermarket chains, which attract foreign investments and
advertising from global corporations (Pingali 2006). The
proliferation of supermarkets in developing countries
is one of the most widely cited elements of food system
transformation. Structural transformation of the retail
sector took off in central Europe, South America, and
east Asia outside China in the early 1990s. The share
of food retail sales by supermarkets grew from around
10% to 50 to 60% in these regions. By the mid- to late
1990s, the shares of food retail sales in Central America and Southeast Asia accounted for by supermarkets
reached 30 to 50%. Starting in the late 1990s and early
2000s, substantial structural changes were taking place
in eastern Europe, South Asia, and parts of Africa. Here
supermarkets’ share approached 5 to 10% in less than a
decade, and it is growing rapidly (Reardon and Stamoulis 2006).
Organizational changes in food retail are felt throughout the food chain due to the interconnectedness of retail, distribution, packaging and processing, production,
and input provision. Growing concentration is taking
place at all levels, particularly in the retail and processing sectors, and private sector standards for food quality and safety are proliferating. Increasingly, exchange is
arranged through the use of contracts. More large-scale
retailers and manufacturers are relying on specialized
procurement channels and dedicated wholesalers. Food
is increasingly being “pulled” into formal sector retail
outlets such as supermarkets rather than grown for sale
in local markets.
The changes in agrifood systems pose particular
risks for small-scale farmers, traders, processors, wholesale markets, and retailers, who are operating in a new
game with new rules. There is a much greater degree of
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integration between producers and the output market,
with a strong emphasis on standards in relation to quality and safety. For the small farmer there will be shortterm difficulties to meet agroindustry standards and
contractual requirements. Small processors increasingly
will have to compete with larger-scale food manufacturers that can benefit from economies of scale in processing
technologies. Traders and marketers in local markets are
being squeezed by the growing importance of specialized
procurement practices and certified products. Contracts
often exclude small farmers either explicitly or in practice because of the difficulty of compliance, the scale of
investment required, or the degree of management experience and sophistication needed to interact with buyers. It has been shown that small farms are increasingly
becoming marginalized and that large farms are consolidating by relying on a casual, hired labor force that is
predominantly female (Kritzinger et al., 2004, Reardon
and Berdegué 2002).
Food Production Systems
Even though the global value of agricultural production per capita has had a yearly growth of 0.4% per
year since 1971, not all regions have followed the same
trend (World Bank 2006a). In sub-Saharan Africa per
capita food production has not seen a sustained increase
over the last four decades. South Asia has had a small
increase, while East Asia and the Pacific have increased
agricultural value added per capita by almost 200% over
the last 45 years. We also find sharp heterogeneity not
only between regions but also between countries, within
regions, and even within countries. Countries with a high
incidence of poverty and food insecurity are invariably
those that have experienced poor agricultural performance over the past four decades.
Traditional agricultural systems are found where
agriculture has a major role in a nation’s economy and
labor force. Typically, the systems consist of smallholder
farmers producing staple crops for subsistence purposes. In modernizing agricultural systems, agriculture
accounts for a smaller share of the GDP and employs
a smaller portion of the labor force. In these systems,
farmers grow food staples and cash crops, typically for
national markets. In industrialized agricultural systems,
agriculture’s importance in a nation’s economy and labor force are minor. Farmers produce a highly differentiated set of crops for national and international markets.
Economies of scale are particularly important in industrialized agricultural systems.
The composition of the global agricultural production portfolio has changed considerably over the last
40 years. Production rates of cereals, oil crops, sugar,
horticulture, eggs, and meat have increased faster than
population growth rates since 1961, while production of
pulses, roots, and tubers (which are important for the
poor in many agriculture-based countries) has declined

relative to total population. Cereals production grew
rapidly during the 1960s and 1970s but has slowed since
then. The vegetable oil sector is the most rapidly expanding, fueled by the growth of food consumption and imports in developing countries. Increasing demand for oil
crops for nonfood uses is also a major contributor to
growth in the subsector, as is the availability of ample
land suitable for expanding oil crop production.
Total crop production growth was generally positive
in the 40 years from 1961 to 2000, although the same
cannot be said in per capita terms. Production growth per
person was close to zero for much of the last 40 years
in most regions, with the clear exception of South and
Southeast Asia (FAO 2006). Area expansion has not been
a major source of crop production growth in recent decades, except in sub-Saharan Africa. Further opportunities
for area expansion are virtually exhausted except in parts
of South America, Southeast Asia, and West Africa, where
rural population densities are still low. Increases in cropping intensity may offer a partial solution for this constraint despite high rural population densities. This will
require an expansion of irrigation, for which there is still
some scope in regions where irrigation infrastructure is
underdeveloped (Carruthers et al., 1997).
Yield growth is another way of achieving production
growth while economizing on land. As expected, countries with high population densities tend to have high
yields and cropping intensity and vice versa. A notable
group of densely populated countries, including China,
India, Indonesia, and Brazil, has achieved moderate to
high labor productivity in addition to high land productivity. Growth in input use, such as fertilizer, tractors,
and irrigation, can contribute to yield growth. Use of
these inputs is leveling off worldwide, however, and is
particularly low in Africa (FAO 2006).
Falling commodity prices and rising input prices
have squeezed farmers’ profits from both ends. Technology has kept farmers afloat through rising factor productivity. To date, the best prospect for raising global
crop production remains the path of productivity. Investments in agricultural research and development are
crucial for sustaining growth in total factor productivity.
In the past, technological advances have led to reduced
production costs and allowed for production to outstrip
rising demand even as prices have fallen. However, opportunities for growth in total factor productivity could
be adversely affected by land degradation and water resource constraints (Pingali and Heisey 1999).
Livestock Production
Globally, livestock production is the world’s largest user
of land and accounts for almost 40% of the total value of
agricultural production. In industrial countries the share
is more than half. In developing countries, where it accounts for one third, its share is rising quickly (Bruinsma
2003).
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Production of meat and eggs has expanded considerably over the last 40 years and will probably continue
to grow faster than the size of the population due to diversification of diets and a higher demand for meat as
incomes grow. The slow growth in the milk sector is expected to accelerate, mainly because of growing demand
in developing countries. Global meat production tripled
from 47 million tons to 139 million tons between 1980
and 2002 (Steinfeld and Chilonda 2005). Although the
pace of growth is slowing down, meat production is expected to double by 2030 to meet rising demand (Bruinsma 2003).
Until recently, a large proportion of livestock in developing countries was not kept for food but for draft
power and manure and as capital assets, to be disposed
of only in times of emergency. Livestock were an integral part of agricultural systems, distributed among
many owners and raised close to feedstocks. Now, growing demand for meat products is being met increasingly
through industrial systems, where meat production is no
longer tied to a local land base for feed inputs or to supply animal power or manure for crop production (Naylor et al., 2005).
Roughly one third of Earth’s terrestrial ice-free surface is devoted to livestock production, while an area one
fourth that size is devoted to production of crops that
are directly consumed by people (Steinfeld et al., 2006).
The most land-intensive aspect of livestock production is
grazing, which typically occurs on less productive land
not suitable for cropping. As livestock production shifts
to more intensive systems, it will place more pressure on
arable land for the production of animal feed. A coinciding shift in the composition of livestock production from
ruminants to monogastrics alleviates pressure to increase
rangeland but exacerbates the need for more cropland to
be devoted to feed production.
Satisfying the growing demand for animal food
products while at the same time sustaining productive
assets of the natural resource base—soil, water, air, and
biodiversity—and coping with climate change and vulnerability is one of the major challenges facing world
agriculture today.
Changing Trade Patterns
The total value of agricultural exports has increased tenfold since the early 1960s, while the share of agricultural
trade in the total value of traded goods has followed a
downward trend, from 24% to less than 10% during the
same period. And during this period, the least developed
countries have shifted from being net exporters to being major net importers of agricultural commodities. Imports and exports have accounted for less than 30% of
domestic cereal supply in all regions save Latin America
between 1960 and 2005. The relative importance of cereal imports as a percentage of domestic supply is increasing in sub-Saharan Africa (FAO 2006).

Removal of trade barriers has called into question
the competitiveness of many production systems. With
increased prevalence of trade and lower transportation
costs, many farmers are competing on a larger scale than
ever before. New technologies are making competitors
more productive, and the introduction of synthetic alternatives to some commodities has led to price glut,
as has the appearance of new major producers of other
commodities. In many industrial countries, subsidies to
support producer incomes and promote exports have
contributed to pushing down world prices for many agricultural products grown in temperate zones, reducing
the export earnings of developing countries that produce
the same commodities, such as cotton, sugar, and rice.
Producers in some developing countries, particularly more prosperous ones, have responded to declining price trends by shifting production into higher-value,
export-oriented sectors. Excluding the least developed
countries, developing countries have more than doubled
the share of horticultural, meat, and dairy products in
their exports while reducing the share of tea, coffee, and
raw materials. In contrast, the least developed countries
have increased their dependence on tea, coffee, and raw
materials despite sharp declines in their prices. Consequently, real agricultural export earnings of the least developed countries fell by more than 30% over the last
two decades.

Conclusions
Agriculture’s share in the global economy is falling,
even as production shifts toward higher-value subsectors like livestock. There is considerable heterogeneity
between and within regions and countries in the speed
and extent of transformation in agricultural systems.
For the least developed countries, familiar development
problems persist even as new challenges emerge. These
challenges result from changing diets, retail transformations, and major organizational changes in procurement,
processing, and agroindustry. One of the most striking
manifestations of food system transformation is a rise
in the consumption of livestock products in developing
countries. Meeting this demand in a way that is socially
desirable and environmentally sustainable is a major
challenge facing agriculture today.
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Trends in Consumption, Production, and Trade in Livestock
and Livestock Products
Allan Rae and Rudy Nayga

Main Messages
• The share of all animal products in human diets
continues to increase in the developing world. The
contribution of animal products to total calorie intakes per
capita is much lower in developing countries on average
than in the industrial world, but the trend is an increasing
one in developing countries compared with the declining
trend elsewhere. Despite this convergence between per
capita livestock product consumption in different regions,
consumption levels in developing countries are on average
still well below those in other countries. The largest increases
in consumption of livestock products per person have been
in Asia, especially China and Southeast Asia, and in Brazil
and Chile in South America. In sub-Saharan Africa the
situation is different, with declines in per person consumption
of meats and eggs, as well as static egg consumption,
during the past decade. Concerns over obesity and other
health risks can be related to livestock product consumption
patterns. While this tends to be thought of as an industrialcountry phenomenon, it is also arising in emerging higherincome regions of developing countries.
• Income growth is a major driver of increasing
consumption. Average growth rates in real per capita
incomes have been highest in regions that also tend to
have the highest growth in livestock product consumption.
In addition to income growth rates, the extent to which
consumption levels respond to increasing incomes is
important in determining the final response. Not only do
developing countries display higher growth in per capita
incomes than other countries, they also have higher food
expenditure elasticities for livestock products. Both of these
factors contribute to the observed rapid rates of growth of
animal products consumption.
• Urbanization of populations also drives growth in
consumption. Rapid urbanization of populations is a

common feature in many countries, and in developing
countries the average urbanization growth rate is more than
four times that of industrial countries. Higher incomes may
be earned in urban settings, greater shopping opportunities
and food choices often abound, and well-developed
refrigerated supply chains facilitate the distribution of meats
and dairy products.
• The population growth and structure impacts on
total consumption combine with population growth
to drive total livestock product consumption. While
growth in total populations has slowed in the developing
world, it remains much more rapid than in industrial
countries. Changes in the structure of populations can also
be important, such as greater involvement of women in
labor markets and changing proportions of young people,
the elderly, and minority ethnic groups in populations.
• Global animal production is shifting from industrial
to developing regions. Growth in the production
of livestock products in the developing world has, on
average, been as rapid as the growth in consumption and
in most cases has been outstripping growth in the human
population. Production growth in the industrial world has
been stagnant, and developing countries now produce
more meat than the industrial world does. For milk this
is not the case, but the gap between production in
various regions is narrowing. Among developing regions,
production growth was more rapid where consumption
was increasing the most, with the fastest production
growth occurring in China. The slowest production
growth occurred in sub-Saharan Africa. However, the
growth and intensification of animal production have also
raised concerns over environmental pollution, such as
degradation of surface and groundwater and emission of
greenhouse gases into the atmosphere that can threaten
public health.
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• Important drivers of animal production growth
include growth in the number of animals farmed and
increases in yields per animal and overall productivity.
These trends have, in turn, been driven in part by market
signals and profit expectations, greater availability and
lower costs of purchased feedstuffs, and the development
and adoption of new animal production technologies.
Governments have also driven livestock production in
many cases, through directives, policy pronouncements,
and other nonmarket incentives. For several developing
countries, total factor productivity growth in livestock
production has been healthy, at rates of up to 10% per
year. Also, such growth in many cases was higher in the
1990s than during the previous decade.
• The ongoing trend away from smallholder and
backyard livestock production to larger-scale
and commercial production systems continues to
encourage greater use of grains and oil crops in
animal feeds. Over the last decade, global growth in
the use of cereals as feedstuffs was faster than growth in
total cereals production. However, the fastest growth has
occurred in the use of soybeans as animal feeds, with total
usage in the developing world rising more than six-fold over
the last 20 years.
• Developing countries include both exporters and
importers of livestock products. The industrial countries
as a group are net exporters of meats, dairy products, and
eggs. Net exporters among other regions and countries
include Latin America (beef, poultry), India (beef), and East
and Southeast Asia (poultry and eggs), and for each of
these regions net exports have increased over the past
decade. Major net importers in the developing world
include East and Southeast Asia (beef, pork), West Asia
and North Africa (WANA), sub-Saharan Africa (meats), and
all developing regions studied with the exception of India
for dairy products. The major share of livestock product
exports from industrial countries is sold to other such
countries. Similarly, for nonindustrial countries the major
share of their animal products exports is consigned to
other nonindustrial countries. This reflects not only growth
in import demand in the developing world but almost
certainly difficulties in satisfying the food safety standards of
industrial countries.
• Food safety and health issues occasionally result in
restrictions on trade in livestock products and live
animals, based on standards developed through
international agencies. While this system contributes
to well-functioning global markets that may ensure safe
foods for consumers and protect human and animal
health without erecting overly restrictive trade barriers, a
key concern is the ability of emerging developing-country
exporters to meet the standards of industrial-country
markets or to implement such procedures themselves to
protect their own human and animal populations. Animal
welfare and the management of live animals in transit are

also matters of public concern, and improved welfare
practices are required. Further technical assistance is
necessary to enable developing countries to fully realize
the advantages of participating in international markets for
livestock products.
• Some countries have met increasing demands for
livestock products from their own production, using
either domestically produced or imported feedstuffs.
At what point might countries, especially when facing
increasing pressures from land, water, and environmental
constraints, resort to imports of final animal products
rather than of feedstuffs? Countries of Northeast Asia have
switched from importing maize to meat imports, whereas
WANA’s imports of meats have been relatively steady for
some time, while maize imports continued to grow. China
is different again: over the last 20 years it has been a net
exporter of meat at the same time as maize net exports
have shown a rising trend. Further research is required
to help determine when, if ever, China will emerge as a
persistent importer of grains for animal feedstuffs or of
animal products.

Demand for Livestock Products
Major Trends in Per Capita Consumption
The past two decades have witnessed a steady increase
in the share of animal products (including fish) in human
diets in the developing world. (See Figure 2.1.) While
the contribution of animal products to total calorie intakes per capita is much lower in developing countries
on average than in industrial ones—14% versus 26%
in 2002—the trend has been an increasing one in developing countries compared with a declining trend elsewhere. (See Box 2.1.) This shows that consumers in the
developing world have been increasing their consumption of animal products more rapidly than they have
other foods such as traditional cereals or root crops.
These trends are mirrored in the consumption data for
the three animal products in Table 2.1. In each case,
consumption levels per person are substantially higher
in industrial countries, but they are largely static. Actual
consumption volumes may be less than those provided
by the food balance sheet method, since the latter are
estimates of food availability that do not include allowances for food losses within households or nonhuman
uses of food supplies. The food balance sheet data have
been standardized in that processed foods have been
converted back to their primary commodity equivalents. In contrast, over the last decade per capita consumption of meat, milk, and eggs has grown each year
by 3%, 2%, and 5%, respectively, in developing countries. (Unless stated otherwise, annual rates of growth
are computed as compound growth rates between a
pair of numbers.) These growth rates, however, mask
considerable regional differences in the rate of change
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of animal product consumption and its role in human
diets. In this chapter, unless stated otherwise, data are a
three-year average centered on the quoted year, sourced
from the food balance sheets of the FAOSTAT database
(the latest available food balance sheet at time of writing
is 2003).
The transformation of livestock food demand in the
1980s was covered comprehensively by Delgado et al.
(1999). As a result, this chapter concentrates on developments since then. As in the earlier period, the most
dramatic developments in livestock food consumption
have taken place in Asia. (See Table 2.2.) In China, per
capita consumption of milk and eggs doubled between
1992 and 2002, while that of meat increased by more
than 70% (Fuller et al., 2004). East and Southeast Asia
showed the next most rapid increase in meat and milk
consumption, and India the next fastest growth in egg
consumption per capita. Meat consumption per capita
also increased in India, WANA, and Latin America;
consumption of milk in India, Other South Asia, Latin
America, WANA, and sub-Saharan Africa rose, and that
of eggs increased in all regions. In sub-Saharan Africa,
per capita meat consumption was lower in 2002 than a
decade earlier.
Several researchers have raised concerns over
official estimates of the level of meat consumption and
production in China (e.g., see Delgado et al., 1999, Ke
1997, Longworth et al., 2001, Ma et al., 2004, Wang
et al., 2004). Similar problems might also exist in
other developing countries, and a degree of caution is
warranted in using these data. It has been suspected by
some that incentives exist for local Chinese officials to
overreport livestock numbers and production. When
consumption data are subsequently obtained from food
balance sheets, based primarily on production and net
trade data, they too may be biased upward. Hence

Table 2.1. Global per capita consumption of meat, milk, and
eggs (kg).

Industrial countries

Meat
Milk
Eggs

Developing countries

1982

1992

2002

1982

1992

2002

75
194
14

79
191
13

79
201
13

15
35
3

21
39
5

29
48
8

Source: FAO 2006a.

actual consumption growth rates could have been
somewhat lower than those in Table 2.1. Using China’s
official household surveys as a check on consumption
levels is also problematic since they do not adequately
incorporate food purchased outside the home—likely to
be important in the case of animal products. Ma et al.
(2004) found a mismatch between the official demand
and supply series that had worsened since the mid-1980s,
and also between livestock output and feed availability
data. These problems remained even after official data
were adjusted following the first agricultural census
in 1996. They adjusted pork production downward
so that annual growth over 1987 to 1998 was 4.45%
compared with 6.57% using unadjusted official data.
For poultry, this discrepancy was 11.62% (adjusted)
versus 14.74% (official data). For beef data, Longworth
et al. (2001) describe the type of incentives that have
led to exaggerated data reporting. In addition to animal
numbers being overreported, slaughter numbers are not
collected at abattoirs but at the point of sale, giving rise
to inaccuracies when animals are traded more than once
prior to slaughter.
Comparing the average regional growth rates in per
capita consumption between 1992 and 2002 with those
in the previous decade shows that milk consumption

Figure 2.1. Contribution of animal
products to total caloric intake
per capita.
Source: FAO 2006a.
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Box 2.1. Changing Consumption Patterns
Food consumption patterns change over time along with advances in a country’s development. For many countries, the
trend is declining consumption of traditional staples, such as rice
and root crops, and increasing consumption of other foods. The
latter could initially involve increased consumption of nontraditional cereals (such as wheat products) followed by increasing
consumption of high-protein foods such as animal products.
East and Southeast Asia provide a good example. Between
1962 and 1982, per capita consumption of rice, wheat, and
animal products increased, while that of starchy roots declined.
Over the following 20 years, rice consumption leveled off while
that of both wheat and animal products continued to increase
and starchy roots consumption further declined. (See Box Figure
2.1 in the color well.)
Over the past 20 years, per capita consumption of all animal
products (including fish) has increased in all regions shown in the
table with the exception of sub-Saharan Africa and the industrial
world in aggregate.
Animal products also increased their share of total calorie intake for all regions except sub-Saharan Africa and the industrial
world. The most dramatic increase is observed in China, where
animal products, which contributed 8% of per capita calorie intake in 1981–83, contributed 21% in 2001–03.

increased at a faster rate during the most recent decade in
all developing regions with the exception of India, where
growth was still a relatively high 2% per year. Growth
rates in meat consumption per capita during the 1990s
were more rapid than in the 1980s for Latin America,
WANA (which showed no growth in the 1980s), and
sub-Saharan Africa, where the rate of decline in the
1990s was less than during the earlier decade. Per capita
consumption of eggs grew substantially more quickly in
WANA during the 1990s than in the 1980s, but the rate
of growth was less than in the 1980s in most other regions. In contrast to these developments in the world’s
developing regions, per capita consumption of these livestock products in industrial countries was rather stagnant or declined during the 1980s and 1990s.
Despite the much more rapid growth in consumption
in the developing world than in higher-income countries,
major discrepancies remain between per capita consumption levels across both groups of countries and among
and within developing countries themselves. By 2002,
meat consumption per capita in developing countries
averaged only 36% of that in industrial countries, and
comparable percentages for milk and eggs were 24% and
59%, respectively. Latin Americans consume per person
quantities of meat and milk that are well above those
elsewhere in the developing world but still 50% to 75%

Per capita consumption (kg/yr) of all animal products (including fish)*
Animal products
(kcals/cap/day)

Animal products as
% total food
(kcals/cap/day)

China

1981–83
186

2001–03
618

1981–83
8

2001–03
21

India

133

198

6

8

E/SE Asia

160

254

7

9

S-S Africa

159

141

8

6

Latin
America

455

559

17

20

Developing
world

207

361

9

14

Industrial
world

906

871

28

26

World

388

470

15

17

*Animal products include meat, milk, eggs, fish, and other animal/fish
fats and oils.

of industrial-country averages. As in some other regions,
there are large divergences within Latin America. For example, per capita meat consumption for 2002 averaged
85 kg in Argentina and 80 kg in Brazil, compared with
the Latin American average of 59 kg. India and Other
South Asia showed the lowest per capita consumption
for meat but high levels of milk consumption compared
with other developing countries. Consumption per capita of all three livestock products was relatively low in
sub-Saharan Africa. Some reasons for these differences
in consumption levels are considered in the next section.
Determinants of Changes in Per Capita
Consumption
Growth rates in food consumption per person are influenced by economic, social, and cultural factors. Income
levels and relative prices play important roles, but so do
religious, lifestyle, and technological influences. Table
2.3 includes average growth rates in incomes (real gross
domestic product [GDP] per capita). Regions with the
highest growth in per capita incomes also tended to have
the highest growth in livestock product consumption.
For developing countries as a whole, real incomes per
capita grew at the rate of 3.9% per year from 1992 to
2002, much faster than the industrial world’s growth
rate of 0.5%. So, too, did developing countries have
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Table 2.2. Per capita meat, milk, and egg consumption by region (kg).

Meat
			
Region
1992
2002
China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world
World

31
5
8
17
20
12
48
21
79
34

53
5
8
22
22
11
59
29
79
39

Milk
Annual			
growth (%)
1992
2002
5.6
1.0
–0.1
2.4
1.1
–0.1
2.1
3.3
0.1
1.3

7
55
62
12
77
29
98
39
191
75

14
66
79
15
79
30
106
48
201
80

Eggs
Annual			
growth (%)
1992
2002
7.7
2.0
2.4
2.4
0.3
0.3
0.8
2.2
0.5
0.7

8
1
1
4
4
1
8
5
13
7

18
2
2
5
5
1
8
8
13
9

Annual
growth (%)
7.9
4.1
1.4
1.5
2.0
– 0.7
0.6
5.0
–0.2
2.6

Regions are defined as in FAOSTAT at the time of writing. Other South Asia is South Asia less India; China includes Mainland China and
Taiwan Province; WANA (West Asia–North Africa) is Near East in Asia, Northwestern Africa, and Near East in Africa.
Source: FAO 2006a.

much higher annual growth in consumption of livestock
products. Real GDP per capita in China grew at an annual rate of over 8% during this period, and China also
displayed by far the highest rate of growth in per capita
consumption of meat, milk, and eggs. The lowest rates of
GDP per capita growth were observed for Other South
Asia and sub-Saharan Africa: both these regions showed
the lowest (and negative) growth in per capita meat consumption levels, and the latter region showed the lowest
rate of growth in per capita consumption of milk and eggs.
In addition to the growth rate of per capita incomes,
the extent to which consumption levels respond to increasing incomes is important in determining the final
response. Expenditure elasticities measure the percentage change in demand in response to a 1% change in
household expenditure. A consistent set of elasticities,
estimated from the 1996 International Comparison Project data for 114 countries (Searle et al., 2003), is summarized in Table 2.4. Across country groups and food
subgroups, demand is more responsive to changes in
income in low-income countries than in high-income
countries. For each income group of countries, expenditure elasticities are highest for the beverages-tobacco
subgroup, but the next highest elasticities are for animal
products (fish, dairy, and meat). For example, the expenditure elasticity for meat ranged from 0.86 in Tanzania (the lowest-income country in the sample) to 0.81
in Kenya, 0.77 in Pakistan, 0.73 in Indonesia, 0.66 in
Brazil, 0.55 in Argentina, 0.31 in Japan, and 0.11 in the
United States. Thus, not only do developing countries
display higher growth in per capita incomes, they also
have higher food expenditure elasticities. Both these factors combine to contribute to the observed rapid rates of
growth in animal products consumption.

Rapid urbanization of the population is a common
feature in many developing countries. Table 2.3 shows
urbanization growth rates of up to almost 5% per year,
and in all cases shown (with the possible exception of
WANA) these rates are well above the growth rate of
the overall population. For all developing countries, the
average urbanization rate is over 3% per year, more than
four times that in industrial countries.
Why might relatively rapid urbanization of a country’s population encourage higher per capita consumption of foods such as livestock products? First, people
are commonly attracted to urban areas by the expectation of earning higher incomes, and if this is realized
they have the means to purchase increased quantities of
livestock products. As a result, levels of urbanization
and per capita incomes tend to be strongly correlated
over time, and it may be difficult to tease out the separate impact of these factors on consumption levels. Rae
(1998) attempted to do so and found consumption of
livestock products to be particularly influenced by rates
of urbanization in several Asian countries. Second, urban occupations may be more sedentary than jobs in
rural areas, and hence there may be less need for energyrich diets such as those dominated by cereals and starchy
roots. Third, there are almost always far greater shopping opportunities and greater food choices in urban
areas, including away-from-home consumption opportunities and modern supermarkets with well-developed
refrigerated supply chains for the distribution of meats
and dairy products, along with the associated advertising effort. Finally, urban households may be more likely
to own refrigerators, allowing meats and dairy products to be stored for longer than would otherwise be
the case.
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Table 2.3. Income and population growth rates (% per year).

			
			
		
Urban
Population population
(1992–
(1992–
Region
2002)
2002)
China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world
World

0.2
1.8
2.3
1.5
2.1
2.6
1.6
1.7
0.4
1.4

Real
GDP
per
capita
(1990–
2001)

3.5
2.6
3.5
3.4
2.9
4.7
2.2
3.1
0.7
2.2

8.2
3.7
2.4
3.5
3.6
2.4
2.9
3.9
0.5
3.2

Sources: Population data from FAO 2006a; GDP data from FAO 2004.

Cultural and religious factors can also contribute
to differences in livestock product consumption levels.
Eggs and dairy products are acceptable livestock products in countries where vegetarianism is common. Pork
is the major meat consumed in East Asian countries and
China but is excluded from the diet of a large share of
the world’s population, including Muslim communities.
For religious and cultural reasons, South Asia has lower
meat consumption levels than income alone would suggest (for example, beef in India). Concerns over obesity
and other health risks, particularly in industrial countries, have encouraged increased demand for low-fat
foods, including low-fat milk and dairy products and
lean, or white, meats. Lactose intolerance can limit consumption of milk in regions such as East Asia.
Table 2.5 shows that between 1992 and 2002 total
meat consumption in industrial countries remained static,
but the composition of that consumption changed, with
a swing away from beef and toward poultry meat. In developing countries, total meat consumption per capita increased as did consumption of each meat type, although
the most rapid increase was in consumption of poultry
meat. Between 1991 and 1993 and 2001 and 2003, for

example, per capita consumption of poultry meat in
China increased from 4.6 kg to 10.5 kg, while in Central
and South America this consumption rose from 13.8 kg
to 23.9 kg. Over the same period, total consumption of
poultry meat in the developing world grew by over 8%
per year, compared with annual growth of just under 5%
for pig meat and less than 4% for bovine meat.
Changes in Total Consumption
Observed changes in total consumption of livestock
products depend on the growth rate of the total population, in addition to changes in consumption per person.
Population growth rates from 1992 to 2002 are given in
Table 2.3. By comparing these with the 1970–95 growth
rates in Table 4 in Delgado et al., 1999, it is apparent
that population growth rates in the developing world
have slowed over recent years. China’s population, for
example, expanded at the rate of 1.6% per year during 1970–95, but by only 0.2% per year since 1992.
For developing countries as a whole, these growth rates
were 2.1% (1970–95) and 1.7% (1992–2002). A similar slowdown in population growth also occurred in the
industrial world. Thus population growth would appear
to have had a smaller impact in explaining total growth
in consumption during the past decade than was the case
earlier.
Population growth rates still exceeded 2% in
WANA, sub-Saharan Africa, and Other South Asia during 1992–2002. So while sub-Saharan Africa showed
low or negative growth in per capita consumption of
livestock products during this period, total consumption increased at annual rates of 2.4% or higher. (See
Table 2.6.) Annual growth in per capita consumption of
milk in Other South Asia and of eggs in WANA, when
combined with the rate of population growth, resulted in
total consumption in these cases increasing by 4.4% or
more. China shows the most rapid growth in total consumption of the livestock products in Table 2.6, primarily due to the rapid growth in per capita consumption
driven by high growth rates of income and urbanization.
Total consumption of meats, milk, and eggs in the industrial world increased during 1992–2002 by less than
1% per year. As a result, total meat consumption in developing countries, which amounted to 20% of global

Table 2.4. Average expenditure elasticities for food sub-categories.

Country groups

Beverages,
tobacco

Low income
Middle income
High income

1.25
0.84
0.44

Breads, 					
cereals
Meat
Fish
Dairy
Fats, oils
0.53
0.37
0.17

0.78
0.64
0.36

0.91
0.72
0.39

0.86
0.69
0.38

Fruits,
vegetables

Other
foods

0.64
0.51
0.28

0.78
0.64
0.36

0.55
0.40
0.20

Source: Searle et al., 2003.
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Table 2.5. Per capita consumption (kg) of meat types.

Industrial
countries

Beef and buffalo
Sheep and goat
Pigmeat
Poultry meat
All ruminant
All nonruminant
Total four meats

Developing
countries

1992

2002

1992

2002

26
3
29
20
28
49
77

22
2
29
25
24
54
78

5
2
9
5
7
14
20

6
2
12
8
8
20
28

The “total four meats” column excludes “meat, other,” as this is not
disaggregated to original meat type in FAOSTAT.
Source: FAO 2006a.

consumption in 1992, had increased its share to 57%
by 2002. The increases in the developing-country share
of global consumption were from 40% to 46% for milk
and from 54% to 68% for eggs.
In addition to the growth of the overall population,
changes in the structure of the total population can also
affect food consumption levels and patterns. For example, the structure of diets can differ between younger and
older people, by gender, and between ethnic groups. In
such cases differences in population growth rates between
such groups within society can affect total consumption
levels. It is not uncommon for milk consumption to be
higher among the very young than among teenagers and
mature adults. Demory-Luce et al. (2004), for example,
sampled a group of consumers in childhood and again
when they were young adults, and found that milk consumption was greater in childhood and that the decrease

over time was greater for males. They also found that
young adulthood consumption was greater for poultry,
beef, and seafood.
The growth of ethnic minorities, especially in urban areas, can have important impacts on total food
consumption. Jamal (1998) reported a study of food
consumption within a sample of British-Pakistanis in
Bradford, England. After migration, it was found that
the members of the first generation tended to consume
their own foods, cooked in the traditional ways, and
were reluctant to try British food regularly. The next
generation, however, while continuing to consume traditional food at home, was increasingly consuming British
foods outside the home. Therefore the traditional diet
that such migration brings with it may become increasingly diluted over subsequent generations. At the same
time, such ethnic foods may become popular among the
wider population, as shown by the popularity of Asian
foods among non-Asians in many European countries.
Other demographic trends, especially in but not restricted to industrial countries, are also important in influencing livestock product consumption. The number of
single-person households is rapidly increasing due to declining birth rates, a higher average age of marriage, rising divorce rates, and increasing longevity. An increasing
proportion of women, especially in the industrial world
and in urban centers of the developing world, are now
engaged in away-from-home paid employment. As a result, they have less time for cooking. Many households in
a variety of countries have both spouses working outside
the home. Because more women are in the labor market,
an increasing number of families now enjoy double incomes and greater purchasing power. This allows them
to buy more value-added food items of quality and has
increased the demand for value-added or convenience
meat and dairy products not only in the at-home market

Table 2.6. Total consumption of meat, milk and egg consumption by region (in million tons).

Meat
			
Region
1992
2002
China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world
World

37
4
2
9
7
6
22
86
100
186

69
5
3
13
10
7
31
138
105
243

Milk
Annual			
growth (%)
1992
2002
6.5
2.7
2.2
3.9
3.4
2.4
3.8
4.9
0.5
2.7

8
48
17
6
27
14
44
161
242
403

18
70
27
9
35
19
57
229
266
495

Eggs
Annual			
growth (%)
1992
2002
8.6
3.8
4.8
4.0
2.5
2.9
2.5
3.6
0.9
2.1

9.7
1.1
0.3
2.3
1.5
0.7
3.4
19.0
16.5
35.5

Source: FAO 2006a.
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22.8
1.9
0.5
3.1
2.3
0.9
4.3
35.7
16.9
52.6

Annual
growth (%)
8.9
5.6
5.2
3.0
4.4
2.5
2.4
6.5
0.2
4.0

18 | Livestock in a Changing Landscape: Drivers, Consequences, and Responses

but also in the away-from-home and prepared foods
markets (Nayga 1996).
Health, Nutrition, and Food Safety Concerns
Consumer preferences have changed due to increasing
concerns for health and nutrition. Some of the more important issues are introduced here but are discussed in
more detail in Chapters 11 and 12. In affluent Western
countries, food saturation has largely occurred, and concerns have turned increasingly to a reduction in the consumption of fat and calories—with more grains, fruits,
and vegetables being consumed (Kinsey 1992). Obesity,
for instance, is a growing concern worldwide, including
in more affluent regions of developing countries (Loureiro and Nayga 2005). Obesity and overweight rates are
increasing in several countries, particularly in countries
that belong to the Organization for Economic Cooperation and Development (OECD), where the percentage
of overweight and obese people in the total population
has increased from around 30% in 1985 to over 50%
in 2002. According to the World Health Organization,
more people are now suffering from overweight-related
problems than from malnutrition. Globally, more than 1
billion adults are overweight and at least 300 million of
them are clinically obese, while 800 million suffer from
malnutrition.
Health-related concerns have had an influence on
consumers’ decisions to reduce consumption of harmful
ingredients (e.g., fats, salt) or to increase consumption of
healthful components in their diets. Consequently, functional foods have become increasingly popular in recent
years. Defined as foods or food components that may
provide a health benefit beyond basic nutrition, functional foods are widely believed to offer consumers an
increased ability to reduce the risk of certain diseases or
health problems. Many food companies are now developing food products with functional or health-related
attributes.
In addition to obesity, nutrition, and health concerns,
consumer tastes and preferences have changed due to concerns about food safety. The Centers for Disease Control
and Prevention in the United States estimated that each
year 76 million people there get sick, more than 300,000
are hospitalized, and 5,000 people die from foodborne
illness. Although the developments related to the adoption of Hazard Analysis Critical Control Point and other
safety standards may have helped reduce the incidence
of foodborne illness, infections with Salmonella, E. coli
O157:H7, Campylobacter, and Listeria remain and are
alarmingly an ever-present phenomenon. Consequently,
the use of technologies such as food irradiation is now
gaining popularity, at least in the United States. Realizing the benefits of food irradiation in meats, however,
will depend on consumers’ acceptance of the technology. The results of a number of studies (e.g., Nayga et
al., 2006) suggest that many individuals are willing to

pay for irradiated meat products once they are informed
about the nature of food irradiation technology and its
ability to reduce the risk of foodborne illness.
Other issues influencing consumer tastes and preferences include consumer concerns about the use of hormones in animal production, about genetically modified
organisms, and about animal welfare and the trend toward consumption of organically produced foods. While
these issues are more predominant in industrial areas
like the United States, Japan, and Europe, they will also
become increasingly important for the livestock industry
in developing countries as incomes increase.

Production of Livestock Products and Feed
Major Trends in Livestock Production
Worldwide, total production of meat, milk, and eggs
increased at annual rates of 2.7%, 1.3%, and 4.1% in
the 1992–2002 period. (See Tables 2.7–2.10.) As with
consumption of livestock products, production growth
was by far more rapid in developing countries than in
the industrial world. For the latter region, production of
meat and eggs grew annually at 0.5% or less, while milk
production actually fell during the decade. By contrast,
meat, milk, and egg output grew annually at between
4% and 6.5% in the developing world. The developing world’s share of global production of all products
increased between 1992 and 2002, and by the latter year
had reached 56% (meat), 42% (milk), and 68% (eggs).
Thus the 1980s trend noted by Delgado et al. (1999) of
world animal production—with its attendant benefits
and costs—shifting from industrial to developing countries continued through the 1990s.
Among the regions, production growth was more
rapid in the same areas where consumption was increasing the most. For all products, annual growth was the
fastest in China (with the same caveats about the data
as noted earlier), with rates of between 6.5% (meat) and
8.9% (eggs). Based on these data, China now accounts
for 28% of global meat production (up from 20% 10
years earlier) and for 42% of global egg output (compared with 27% in 1992). As for meat consumption,
the next most rapid meat production growth occurred
in East/Southeast Asia, Latin America, and WANA. The
second highest annual growth rate in both consumption
and production of milk was found in Other South Asia
(4.8%), and India held this position for eggs. India now
has a 14% share of global milk production, compared
with an 11% share in 1992. Again almost mirroring
consumption trends, sub-Saharan Africa showed the
lowest annual growth rates for milk and eggs and the
second lowest for meat. Among the different meat types,
all showed positive annual growth rates in the developing world, with that for poultry being the most rapid
at 7.6%. (See Table 6.7.) Poultry production also grew
more rapidly than that of other meats in the industrial
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Table 2.7. Production and trends for livestock products.

Per capita
production
1992
Developing world
Beef and buffalo
Pigmeat
Poultry meat
Sheep and goat
All meat
Milk
Eggs
Industrial world
Beef and buffalo
Pigmeat
Poultry meat
Sheep and goat
All meat
Milk
Eggs

2002
(kg)		

Total
production

Annual growth
of total production

1992
2002
(million MT)		

1992–2002
(%)

5
9
5
1
21
41
5

6
12
8
2
28
51
8

22
37
19
6
87
170
22

31
57
40
9
139
251
41

3.2
4.4
7.6
3.6
4.8
4
6.5

26
29
21
3
81
283
15

23
29
26
3
81
266
14

33
37
26
4
103
360
18

30
38
35
3
108
352
19

–1.1
0.3
2.8
–2
0.5
–0.2
0.2

Source: FAO 2006a.

world, but at the much slower rate of 2.8%. Total production of beef and sheep meat actually declined in the
industrial world between 1992 and 2002.
Tables 2.7–2.10 also show livestock production volumes per capita in order to assess whether output growth
is exceeding that of the total human population. This is
the case for all regions shown for milk production, for
all except sub-Saharan Africa for eggs, and for all except India, Other South Asia, and sub-Saharan Africa in
the case of meat. For those exceptions, production per

capita was about the same in 2002 as it was in 1992.
For the developing world as a whole, therefore, output
per person increased during this period for meat, milk,
and eggs. In contrast, milk and egg production per capita
declined and that of meat remained static in the industrial world. By comparing these data with those of per
capita consumption (Table 2.2), some gaps are apparent that would be accounted for by imports or exports.
Per capita meat consumption was somewhat higher
than that of meat production in 2002 in East/Southeast

Table 2.8. Regional meat production.

Per capita
production
1992
Region
China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world
World

31
5
8
17
17
11
50
21
81
35

2002
(kg)		
52
5
8
21
20
11
64
28
81
40

Total
production

Annual growth
of total production

1992
2002
(million MT)		

1992–2002
(%)

37
4
2
9
6
6
23
87
103
189

68
6
3
13
9
7
34
139
108
247

6.3
3
2.2
3.6
3.6
2.4
4
4.8
0.5
2.7

Source: FAO 2006a.
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Asia and WANA, whereas Latin America had a surplus
of production over consumption. (See Table 2.11.) For
milk, the deficit regions in 2002 were sub-Saharan Africa
and especially East/Southeast Asia, suggesting the latter is a major importer of dairy products (see following
sections). Milk-surplus regions are India and the rest of
South Asia, Latin America, and the industrial world.
Some Determinants of Production Growth
Production of meat, milk, or eggs is the result of animal
numbers times yield per animal. Obviously, growth in
either numbers or yields can drive output growth. Relative price and profit expectations (sometimes distorted
through government assistance policies) can be a major
driver of changes in the number of animals farmed and
the choice of production techniques, while the many factors (including profit expectations) that influence technology development and adoption also influence yield
and productivity developments. Government support
of livestock production, including the subsidization of
feedstuffs and other inputs as well as environmental and
other regulations are discussed in Chapter 3. Rapid demand growth in some regions, especially for white meats
and milk, has resulted in upward pressure on prices that
in turn encourages increased production, the development and adoption of better technologies, and the intensification of livestock production, including increased
use of grains and concentrates in animal diets. Increased
availability of such feedstuffs, improvements in their
quality, and reduced purchased feed costs relative to
meat or milk prices have further encouraged such trends
in many cases.
Tables 2.12 and 2.13 present growth rates for the
past decade in both animal numbers and total production to indicate the relative importance of the former as

a driver of production growth. In most regions shown,
the annual growth in milk production exceeded that in
the number of cows milked, indicating that both yield
growth and increases in animal numbers have been important drivers of milk production. (See Table 2.12.) The
one exception is sub-Saharan Africa, where production
grew at a somewhat slower rate than did cow numbers, implying negative growth in average yield per cow.
For egg production, however, and the three meats (see
Table 2.13), the growth rates in animal numbers have
been similar to or greater than the growth rates of total
egg or meat production. This suggests that for eggs and
meats, growth in animal numbers was the major driver
of production growth between 1992 and 2002. The few
exceptions included Latin America and WANA in the
production of eggs, beef, poultry meat, and pig meat.
The growth rates in yields per animal in the 1992–
2002 period and actual average yields in 2002 are shown
in Table 2.14. First, there is considerable variation in animal yields across regions, reflecting differences in production systems, input use, technologies used, scale of
production, and environmental conditions. This variation is greatest for milk production per cow, where it
ranges from 325 kg per head in sub-Saharan Africa to
2,320 kg in China and an average of 4,644 kg in the industrial world. Explanations would include wide variation in farm size and feeding regimes, differences in the
range of cattle breeds that are used in milk production
worldwide, and the poorer performance of the higheryielding breeds in the developing and tropical countries.
The lowest variability in animal performance is found
for poultry, both meat and eggs, and in pig meat. In each
of these cases, the difference between average yields in
developing and industrial countries is much less than in
the case of milk. An important explanation would be

Table 2.9. Regional milk production.

Per capita
production
1992
Region
China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world
World

7
64
71
7
75
27
99
41
283
97

2002
(kg)		
14
83
91
9
80
28
116
51
266
97

Total
production

Annual growth
of total production

1992
2002
(million MT)		

1992–2002
(%)

8
56
19
4
27
13
45
170
360
529

18
87
31
5
36
18
62
251
352
603

8.5
4.4
4.8
3.6
2.8
2.7
3.2
4
–0.2
1.3

Source: FAO 2006a.
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Table 2.10. Regional egg production.

Per capita
production
1992
Region
China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world
World

9
1.4
1.5
5.3
4.8
1.7
8.7
5.2
14.5
7.4

2002
(kg)		
19.3
2.1
1.8
6.3
6
1.6
10
8.3
14.2
9.6

Total
production

Annual growth
of total production

1992
2002
(million MT)		

1992–2002
(%)

10.7
1.3
0.4
2.8
1.8
0.9
4
21.7
18.4
40.1

25.1
2.2
0.6
3.8
2.7
1
5.4
40.8
18.8
59.6

8.9
5.9
4.4
3.2
4.4
2
3
6.5
0.2
4.1

Source: FAO 2006a.

the relative ease with which nonruminant production
technologies can be transferred and adopted around the
world, because they are less dependent on environmental
conditions or land supplies.
Given the previous finding that growth in animal
numbers has generally been more dominant than yield
growth as a driver of output growth, the yield growth
rates in Table 2.14 are, as expected, rather low. Apart
from milk, and with few exceptions, animal yield annual
growth rates have been less than 1%, and they sometimes have been negative. However, trends toward earlier slaughter of livestock and lighter carcass weights in
some regions will have a negative impact on yield growth
rates. Milk yields have shown faster growth, with all but
one of the regions shown in Table 2.14 having annual
growth rates of 1.5% or higher, with China the highest
at 4.7% per year. For milk, cow yields have been growing

almost as rapidly in the developing world as in industrial
countries—2.0% compared with 2.3%.
Meat, milk, or egg production per animal is a partial
measure of productivity, since only one input—the animal—has been considered. It has been shown that such a
partial measure is biased (Nin et al., 2003), as discussed
in Box 2.2. Higher yields might, for example, be the result of increased feed use per animal and not necessarily
an increase in the productivity of the production system
as a whole. A better index is the total factor productivity
(TFP) measure, which compares growth in output with
that of the aggregate of all production inputs. Therefore
the productivity performance of livestock, particularly in
the developing world, may not be quite as bleak as just
described. Box 2.2 contains some results from a recent
study of TFP growth in China’s livestock sector in the
1990s (Rae et al., 2006). Apart from milk, TFP grew at

Table 2.11. Comparison of per capita production and consumption levels, 2002 (kg).

Region
China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world

Meat		
Production
Consumption
52
5
8
21
20
11
64
28
81

53
5
8
22
22
11
59
29
79

Milk		
Production
Consumption
14
83
91
9
80
28
116
51
266

14
66
79
15
79
30
106
48
201

Eggs
Production
Consumption
19.3
2.1
1.8
6.3
6
1.6
10
8.3
14.2

Source: FAO 2006a.
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Table 2.12. Annual growth rates (%) of animal numbers and milk and egg production,
1992–2002.

Eggs
Region
China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world
World

Milk

Laying hens

Production

Cows milked

Production

8.9
5.4
4.9
3.3
2.3
2.4
1.5
5.3
–0.7
3.5

8.9
5.9
4.4
3.2
4.4
2
3
6.5
0.2
4.1

5.7
1.6
3.2
1.7
1.2
2.9
0.9
1.9
–1.9
1.1

8.5
4.4
4.8
3.6
2.8
2.7
3.2
4
–0.2
1.3

Source: FAO 2006a.

rates between 3.7% and 5.4% for hogs, beef, and eggs.
These are healthy productivity gains and are considerably higher than the yield growth rates in Table 2.14.
For milk in China, TFP grew at an annual rate of 1.3%
in the 1990s—much less than the growth in yields per
cow.1
Another comprehensive set of TFP growth estimates
for livestock (and crops) is that of Jones and Arnade
(2003). They used Food and Agriculture Organization
(FAO) data for 27 countries in 1961–99 and published
TFP results by decade. For aggregate livestock production in 1991–99, TFP annual growth varies between
–6.5% (Argentina) to 10.8% (China) and 11.2% (India) for the 12 developing countries in their sample. The
comparable range for industrial countries was –2.5%
(Poland) to 11.9% (France). TFP growth was faster in
the 1990s than in the previous decade for 9 of the 12
countries. From these studies, it can be concluded that in
at least some developing countries, livestock productivity growth has in recent times been substantially higher
than growth in yields might suggest.
Trends in Feed Production and Use
Consumption of nonruminant meats in particular is increasing rapidly—this applies to both poultry and pig
meat in developing countries and to poultry meat in industrial countries. These trends have also been shown to
apply to the production of nonruminant meat. But smallscale backyard production of pigs and poultry (and other
types of livestock as well) is declining in many regions
1. The yield data in Table 2.14 are derived from official data
sources, so they may also be biased due to overreporting of output
relative to that of animal numbers. Rae et al. (2006) recomputed China’s TFP growth using the unadjusted official data and found that for
milk, eggs, and beef the use of official data gave overestimates of TFP
growth. From this it could be inferred that, at least for these products
in China, the overreporting problem became more severe during the
1990s.

and making an ever smaller contribution to total production. These systems, which typically use a wide range of
household waste food and forages as feedstuffs, are being replaced by more-intensive or large-scale industrial
nonruminant production systems that rely on cereals and
processed concentrate feeds for their livestock.
Consequently, an ever increasing proportion of
global cereals production is being diverted into livestock
feed and away from direct human consumption. Table
2.15 (which updates Table 15 in Delgado et al., 1999)
provides an update on cereal use as feed in the 1990s.
Global use of cereals as feed increased by 0.9% annually
between 1992 and 2002, but with negligible growth in
industrial countries, up from Delgado et al.’s global estimate of 0.7% between 1982 and 1994. During 1992–
2002, global growth in cereal use as feed was faster than
growth in total cereals production, the reverse of the
situation in 1982–94. In the developing world, cereal use
as feed increased by 2.9% annually between 1992 and
2002, compared with 4.2% in 1982–94. Decreased use
of feedgrains in the transition economies since around
1990 contributed to this slowdown in the average
growth rate.
Developing countries, where both livestock consumption and production growth have been concentrated, increased their share of global cereal feed use
from 28% in 1992 to 35% in 2002. Growth in the use
of cereals as livestock feed in 1992–2002 has been fastest
in India and Other South Asia, although the actual volumes involved are small compared with total global or
developing region feed use. This is faster than Delgado et
al. recorded for 1982–94, but they found faster growth
in feed use in East and Southeast Asia during the 1980s
than these figures show for the 1990s. Note that while
the use of cereals as feeds increased by 2.9% per year
in the developing world during 1992–2002 (Table 2.15),
total production of meats in these countries grew at the
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Table 2.13. Annual growth rates (%) of animal numbers slaughtered and meat production, 1992–2002.

Region
China
India
Other
South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world
World

Beef and buffalo		
Slaughtered
Production

Pig meat		
Slaughtered
Production

Poultry meat
Slaughtered
Production

13
1.3

11.8
1.4

4.6
0.8

4.8
0.8

9.3
10.8

9.6
11.2

1.6
0.8
0.9
2.3
1.7
3.2
–1.8
1

2.3
0.9
2.3
2.1
2.1
3.2
–1.1
0.8

4.2
2.7
2
3.1
0.2
3.8
–0.2
2.1

3.3
3.9
2.9
3.2
2.2
4.4
0.3
2.5

5.9
4.5
5.1
2.8
7
6.9
1.8
4.5

5.8
4.7
5.8
2.9
7.9
7.6
2.8
5

Source: FAO 2006a.

faster rate of 4.8%. This suggests productivity gains in
terms of increased feed efficiency, but it also reflects the
growing share of poultry in overall meat production,
since poultry requires less grain per unit meat production than does pork or beef (as described later). Also
contributing to this outcome would be the relative shift
of world livestock production from regions that use intensive grain feeding to developing countries (Table 2.8)
that show lower grain:meat ratios on average.
The official data in FAOSTAT, as shown in Table
2.15, produce a rate of growth in cereals as feed use of
only 1.7% for China, compared with Delgado et al.’s
rate of 5.8% during 1982–94. This appears low, given
the rate of growth of livestock production in China. Two
other China data sources suggest a faster growth rate.

Ma et al. (2004) adjusted the official China feed use data
using their adjusted livestock numbers, and their published graph shows total feed use (including sweet potatoes) increasing from around 100 million MT in 1993 to
about 125 million MT by 1999, for an annual growth
rate of 3.8%. U.S. Department of Agriculture (USDA)
data show total cereal feed use in China of 69 million
MT in 1991–93 and 105 million MT in 2001–03, for
an annual growth rate of 4.4%. While total use in the
earlier period is similar to that in Table 2.15, USDA’s
estimate for the latter time period is substantially higher
than FAOSTAT’s. Both of these alternative growth estimates are slower than the rate estimated by Delgado et
al. for the 1980s, but it would appear that the growth
of cereal feed demand in China in the 1990s could have

Table 2.14. Partial productivity (2002) and annual growth rates (1991–2005) in livestock production.

Region
China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world
World

Beef and buffalo

Poultry meat

Pig meat

Milk

Yield/		
head
Growth
(kg)
(%)

Yield/		
head
Growth
(kg)
(%)

Yield/		
head
Growth
(kg)
(%)

Yield/		
head
Growth
(kg)
(%)

Yield/
head
(kg)

Growth
(%)

2320
959
798
1374
1164
325
1371
1017
4644
2170

12.5
11.6
3.8
6.4
8.9
2.8
9.8
9.8
14.9
11.0

0.2
0.3
–0.3
–0.0
1.8
–0.4
1.3
1.1
0.9
0.5

134
118
127
189
156
130
205
161
259
198

–0.6
0.1
0.6
0.2
1.3
–0.1
0.2
–0.0
0.7
–0.2

1.5
1.0
1.0
1.1
1.2
1.0
1.6
1.4
1.8
1.5

0.2
0.2
0.4
0.1
0.6
0.1
1.0
0.7
0.9
0.5

77
35
34
65
74
47
74
74
87
78

0.1
–0.0
–0.9
0.9
0.7
–0.0
1.8
0.5
0.5
0.3

Eggs

4.7
2.1
1.5
1.7
1.5
–0.2
1.8
2.0
2.3
0.6

Partial productivity is production per head of livestock, a 2001–03 average. Growth rates computed by regression from 1991–2005 data. The
column “Milk” “refers to cow’s milk only, so is not comparable to the milk total production data in Tables 2.7 and 2.9.
Source: FAO 2006a.
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Box 2.2. Livestock Productivity Growth
Commonly, livestock productivity growth has been measured by
examining trends in production per animal, such as milk production per cow or average cattle carcass weights. Such a measure
is a partial factor productivity (PFP) index, since it includes only
one input in its construction. But production of meat, milk, or
eggs from a livestock production enterprise involves the use of
many inputs, such as labor, feed, and nonlivestock capital, in addition to the animal itself.
A more complete measurement of productivity is afforded by
the total factor productivity index (TFP) that reflects the growth in
output that is not accounted for by the growth in total inputs. TFP
measures for livestock have not been common, since data on
use of the various inputs in livestock enterprises have not been
available or because different types of livestock are raised on the
same farm, making allocation of inputs across livestock types
problematic.
Nin et al. (2003) use a method that is said to overcome this
problem and that compares PFP and TFP growth rates for aggregate livestock production in several countries. They conclude
that PFP is a biased measure of TFP and that the former tended
to overestimate TFP growth in many developing countries but underestimated it in Europe.
Rae et al. (2006) used provincial enterprise-level livestock
data for China and argued that it could be used to measure TFP
in hogs, milk, beef, and egg enterprises without a serious input
allocation problem. This study also made adjustments to official
data in an effort to overcome the suspected overreporting in official livestock statistics. During the 1990s they found TFP growth
rates of 3–5% for hogs and eggs and 4% for beef. Also, the TFP

growth rate for hogs had slowed down over the 1990s compared
with its growth in the previous decade.
This study also separated growth in TFP into growth in technical change (TC, upward shifts in the production frontier) and
technical efficiency (TE, the rate at which farms are catching up
to the frontier). This revealed that growth in TC occurred in all livestock sectors at rates between 3% and 6%. However, the rates
of catch-up had been very slow or even negative. Although TFP
growth for milk was much slower than for the other enterprises at
0.5–1%, growth in TC was much faster at over 6%. This was not
unexpected, given that the milk sector in China has recently been
undergoing very rapid growth with many new entrants, producer
experimentation, and inevitable mistakes and with some slow
adopters of new technologies (Fuller et al., 2004).

Technical efficiency (TE), technical change (TC), and total factor
productivity (TFP) in showing growth for China in the 1990s
TE

Region
China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world
World

Total
cereal
production
–0.2
1.4
2.7
2.2
1.0
2.3
3.0
1.2
0.2
0.7

1.0

2.7

3.7

Hogs—Specialized Households

–0.7

6.1

5.4

Hogs—Commercial

–0.4

4.8

4.4

Eggs—Specialized Households

0.3

3.5

3.8

Eggs—Commercial

1.4

3.4

4.8

Beef—Rural Households

0.0

4.4

4.4

Milk—Specialized Households

–6.1

6.6

0.5

Milk—Commercial

–3.3

4.6

1.3

Total cereal
use as feed (million MT)

Total		
cereal		
use as feed
1992
1.7
7.8
5.5
3.5
3.3
2.1
3.7
2.9
0.0
0.9

TFP

Hogs—Backyard households

Table 2.15. Trends in the use of cereals as feed, 1992–2002.

Annual
growth rates (%)

TC

70.7
3.5
0.7
19.8
28.8
3.4
49.3
176
445
621

2002
83.9
7.4
1.2
27.9
39.9
4.2
71.0
235
447
682

Total cereals are as defined in FAOSTAT, and excluding use for beer.
Source: FAO 2006a.
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been somewhat higher than the estimate given in Table
2.15.
The composition of animal feedstuffs has also undergone change. Table 2.16 shows that maize has been
the dominant grains feedstuff for developing countries,
and its usage has been increasing at a faster rate than for
other coarse grains. But the fastest growth rate has been
for feedstuffs derived from soybeans; between 1982 and
2002 the total quantity fed to animals increased over sixfold, and it now surpasses cottonseed products in terms
of the total quantity used as a source of protein for animal feeds.

Trends in International Trade in Livestock and
Livestock Products
Meats, Dairy Products, and Eggs
Between 1991–93 and 2002–04, the value of total world
exports of agricultural products rose from $342 billion
to $524 billion. In both these periods global exports of
meats, dairy products, and eggs accounted for around
17% of total agricultural exports, rising from $61 billion to almost $87 billion (FAO 2006a). Reflecting the
trends in consumption and production of livestock commodities, the composition of livestock products trade
changed, with the share of poultry meats rising from 9%
in 1991–93 to 14% in 2002–04. The share of bovine
meats declined during this period, from 26% to 21%,
while the shares of dairy products (38%) and pig meats
(20%) showed little change.
The volumes of global exports of livestock products
are given in Table 2.17. The average growth rate between
1992 and 2003 was highest for poultry, at nearly 10%
per year, followed by pig meat at 6%. Growth in the
total exports of bovine meat was considerably slower at
not quite 2% per year, while the volume of ovine (sheep
and goat) meats traded globally declined marginally over
that period. Quantities of dairy products (in their equivalent liquid milk volumes) and eggs also increased over
this period, by 3% and 2%, respectively.

Which countries and regions tend to be exporters,
and which importers, of these livestock products? Especially when products are defined at a very aggregate level,
as they are here, a country will likely be both an exporter
and an importer. Hence net exports are measured as the
difference between export and import volumes and are
shown in Table 2.18 (meats) and Table 2.19 (dairy and
eggs). The industrial countries in total are net exporters
of meats, milk products, and eggs, implying that all other
countries are in the aggregate net importers. But among
industrial countries Japan stands out as the world’s leading meat importer, with total net imports of 2.4 million
tonnes in 2002–04. Thus net exports of other industrial
countries were in excess of 6 million tonnes in 2002–04.
Mention should also be made of the United States, which
switched from a net importer to a net exporter of meat
during the 1990s, driven by greatly increased poultry
exports.
Of the developing regions shown in these tables,
Latin America has become a major net exporter of beef
and poultry (primarily due to rapid export growth in
Brazil), but a substantial net importer of dairy products.
India’s net exports are rather close to zero for all livestock products, reflecting that country’s self-sufficiency
policies. Between 1992 and 2003, India increased its net
exports for meats (especially bovine meat) and eggs and
switched from being a net importer to a net exporter of
dairy products. China remained a net exporter of meats
in 2003, but at a much smaller volume than in 1992, reflecting the rapid growth in domestic consumption.
China’s net imports of dairy products increased
nearly threefold between 1992 and 2003, again reflecting
rapid domestic market growth and the domestic industry’s struggle to match that growth (Yang et al., 2004).
Sub-Saharan Africa and WANA were net importers of all
livestock products in both 1992 and 2003. Further, for
all cases except that of bovine meats in sub-Saharan Africa, the volumes of net imports increased over that time
period. In East and Southeast Asia the situation is rather
similar, with net imports of dairy products and bovine

Table 2.16. The changing composition of feedstuffs in the developing world.

Total utilization (million metric tons)

% total change

% total change

Feedstuff

1982

1992

2002

1992–2002

1982–2002

Cereals
Maize
Other coarse grains
Starchy roots
Oilcrops
Soybeans

120.6
76.0
32.0
62.4
4.1
0.7

176.1
120.0
37.8
93.3
5.8
1.7

235.1
177.4
40.5
114.2
9.9
4.4

33.5
47.8
7.1
22.4
70.7
158.8

94.9
133.4
26.6
83.0
141.5
528.6

2.9

3.2

3.0

–6.3

3.4

Cottonseed
Source: FAO 2006a.
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meat exports was a higher proportion (40%) of exports
sold to developing countries, partly reflecting the rapid
demand growth for this product in developing countries.
For the nonindustrial countries, the picture is quite different. Here, the major share of exports of meats and
dairy products—56% and 72%, respectively—were exported to other nonindustrialized countries. While this
may reflect faster demand growth in such countries, it
almost certainly reflects difficulties experienced by exporters from such countries in meeting the food safety
standards of industrial countries.

Table 2.17. Global trade in meats, dairy, and eggs.

Product
Meat
Bovine
Ovine
Pig
Poultry
Total meats
Dairy products
Eggs in shell

1992
2003
(million metric tons)
6.5
0.9
4.4
3.5
15.7
55.2
0.8

Annual
growth (%)

7.9
0.9
8.6
9.3
27.5
78.4
1.0

1.8
–0.1
6.2
9.9
5.3
3.2
2.0

Trade in Live Animals
A response to increased demands for livestock products
in some regions has been the importation of live animals.
These may be breeding stock used to establish high-productivity livestock industries in the importing regions,
perhaps through breeding programs aimed at improving
native breeds, or they may be for finishing and slaughter
in the importing region. For example, while some exporters supplying Muslim markets are able to slaughter
livestock according to importer requirements, there may
be strong cultural preferences in such markets for freshly
slaughtered meat. Table 2.21 shows net exports of live
animals for the same regions as in other tables, for the
periods 1992–94 and 2002–04.
For all livestock types shown except cattle, the
tendency is for industrial countries to be net exporters and the developing world the net importers, along
with declining net exports from industrial countries. For
cattle, the developing countries of Latin America (such
as Mexico) are major net exporters, and the net importing regions include WANA and (increasingly) East and
Southeast Asia. China switched from a net exporter to
importer of cattle between 1993 and 2003; while these

For 1992, as in earlier sections, data are three-year averages
centered on the indicated year. The latest trade data in FAOSTAT
at the time of writing was 2004. “Total meats” also includes
meats other than those above. Dairy products also include milk
equivalents.
Source: FAO 2006a.

and pig meats increasing between 1992 and 2003. Only
in the poultry sector is this region a net exporter, and
increasingly so, of both eggs and meat.
Table 2.20 uses data from 2004 to examine meat
and dairy trade flows (by value) between industrial and
nonindustrial countries. First, the total value of meat
and dairy exports from the industrial countries is much
higher than that from other countries. Second, the majority of the industrial countries’ exports are destined
to other industrial country markets (but including the
considerable intra-EU trade)—80% by value in the case
of meats and 75% for dairy products. Only for poultry

Table 2.18. Net exports of meats (thousand metric tons).

Bovine

Pig meat

Poultry meat

Total meats

Region

1992

2003

1992

2003

1992

2003

1992

2003

China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Industrial

101
88
–0
–269
–419
–93
429
944

–50
317
1
–610
–427
–31
1,202
525

450
0
–0
–24
–4
–28
–108
110

213
1
–0
–247
–11
–43
235
962

9
0
–1
106
–402
–103
103
737

–48
3
–6
251
–823
–366
1418
2396

582
97
–2
–203
–959
–229
443
1968

87
332
–3
–641
–1381
–457
2862
4017

For China, the average unit value of poultry meat exports is greater than that of its poultry imports. Consequently, in value
terms China is a net exporter of poultry meat, averaging $379 million for 2002–04, when it was also a net importer in terms of
volume. The “Industrial” region is similar to the industrial countries as defined in the FAOSTAT.
Source: FAO 2006a.
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Table 2.19. Net exports of dairy products and eggs.

Dairy products
Region
China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Industrialized

Eggs in shell

1992

2003

1992

2003

–1009
–25
–720
–3875
–6013
–1757
–5073
19547

–2749
123
–920
–6581
–7175
–2137
–3320
24388

35
6
–3
4
–37
–6
–14
120

88
35
–2
37
–51
–21
–20
12

Dairy products include milk equivalent. Values are expressed in
thousand metric tons.
Source: FAO 2006a.

data do not differentiate between beef and dairy cattle,
China has, for example, recently increased imports of
cattle to resource its rapidly growing dairy sector. Other
major trading countries are Australia and North America (as exporters) and the United States as an importer,
and there is also considerable trade within the European
Union (EU) in cattle, as in other types of livestock.
For live pigs, some EU countries, North America,
and China are major exporters, although the latter’s net
exports have declined since 1993. Important importing
countries include Mexico and land-scarce Asia, such as
South Korea, Singapore, and Hong Kong (net exports of
East and Southeast Asia fell to almost zero in 2003; see

Table 2.21). Australia is the world’s principal exporter
of live sheep and goats, with major import destinations
being the Middle Eastern countries of the WANA region. The net volume of the live sheep and goat trade
has declined over the past decade, however. Trade in live
poultry is dominated by some EU countries, the United
States, Malaysia, and China as major exporters. Other
parts of Asia, such as Hong Kong and Singapore, in addition to EU countries and the United States, are poultry
importers.
As with livestock products, trade in live animals is
subject to animal health standards, such as those of the
World Organisation for Animal Health (OIE, from the
International Office of Epizootics in French) under the
World Trade Organization’s Sanitary and Phytosanitary
(SPS) Agreement, as well as to private standards that
may be required by buyers such as supermarkets, so as to
control against unacceptable risks to animal and human
health. Periodic animal disease outbreaks can disrupt international trade in live animals. Outbreaks of avian influenza have had an obvious impact on the movement of
live poultry, as do outbreaks of foot-and-mouth disease
on trade in cloven-footed animals. Bovine spongiform
encephalitis (BSE, or mad cow disease) is another problem and was the reason China banned live cattle imports
from North America in 2003, for example. Apart from
the above health issues, another public concern regarding trade in live animals is animal welfare and the management of livestock when in transit. The OIE is also
working with exporters in this area so as to improve animal welfare practices.

Table 2.20. Livestock product trade flows between industrial and nonindustrial countries, 2004.

		
		
		
Source of exports
Commodity

Exports to
industrial
countries
(% total)

Exports to
nonindustrial
countries
(% total)

Total
exports
(billion $)

Beef
Pig meat
Poultry meat
All meats
Dairy

85
86
60
80
75

15
14
40
20
25

13.9
13.9
6.8
43.9
37.6

Beef
Pig meat
Poultry meat
All meats
Dairy

46
27
51
44
28

54
73
49
56
72

4.8
2.2
4.1
12.1
5.4

Industrial countries

Nonindustrial countries

The definition of industrial countries is the same as that used in Tables 2.18 and 2.19.
Source: Comtrade.
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Table 2.21. Net exports of live animals.

Cattle
(‘000 head)

China
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world

Pigs
(‘000 head)

Sheep & goats
(‘000 head)

Chickens
(million head)

1993

2003

1993

2003

1993

2003

1993

2003

149
–7
19
–133
–707
267
1,046
475
–172

–9
–5
27
–458
–573
33
1,142
104
412

2,782
–2
1
227
2
–23
–136
43
492

1,915
–6
11
5
23
–3
–206
–175
350

272
–84
31
16
–11,015
3,584
–759
–8,698
8,210

50
163
–84
–0
–6,756
3,944
–41
–4,201
4,874

41
0
–1
1
–64
–13
–12
–90
97

32
2
–2
–6
–18
–17
–4
–47
61

Source: FAO 2006a.

Trade in Feedstuffs
Grain use for livestock feed has been growing faster than
total grain production in most regions. This implies declines in other uses of grain, such as for direct human
consumption, or an increase in grain imports or possibly
both. Such trends are part of the supply-side response
to growing demands for livestock products in many
countries and perhaps part of national self-sufficiency
objectives. Increased grain imports have been especially
notable in land-scarce economies such as those of Northeast Asia, where resource endowments do not encourage either large-scale cropping or pasture-based livestock
production. During 2002–04, for example, global imports of maize averaged 86.8 million tonnes, of which
30.5 million tonnes (35%) were imported by Japan,
South Korea, and Taiwan Province of China. Adding in
WANA’s imports of 14.8 mmt, these regions in total accounted for over half of the global maize trade during
that period. The principal maize exporter is the United
States (46.6 million tonnes in 2002–04). South America
(15.1 million tonnes) is also a major maize exporter, but
this region also imported 14.8 million tonnes of maize in
2002–04. (See Table 2.22.)
It is of interest to note from Table 2.22 that China
remained a net exporter of maize in both periods, and
during this time was a net importer of maize only during
1995 and 1996 following lower domestic production.
This is despite widespread concern over China’s potential to switch to become a major net importer of maize.
Indeed, various projections of China’s total grains trade
have been made (as summarized in Fan and AgcaoiliSombilla 1997) that projected net imports of between 11
million and 63 million tonnes in 2000, and between 14
million and 108 million tonnes in 2005. China’s actual
grain net imports in these two years were 3.1 mmt (2000)
and 6.2 mmt (2005) (Comtrade data, as 2005 data were
not available on FAOSTAT at the time of writing).
Although China’s net exports of maize do fluctuate

considerably from year to year—for example, net exports fell to 6 mmt in 2001 but reached 16.4 mmt in
2003—China has so far been able to meet its domestic
demands for livestock maize feed largely from domestic
sources. How long this will continue is not clear. Economic reforms in China have increased farmers’ flexibility to switch land use away from grains to other crops,
and rapid urbanization is also reducing the total area
of cropland. Between 1991 and 2004, the total area of
sown cropland in mainland China fell from 112.3 million ha to 101.6 million ha (9.5%). Over the same period, the area sown to grain crops fell by nearly 16%.
Nevertheless, the area sown in maize actually increased
by more than 17%, from 21.6 million ha in 1991 to over
25 million ha by 2004.
While China has remained a net exporter of maize
despite rapid development of its livestock sector, the
same cannot be said of soybeans. Between 2002 and
2006 the value of China’s agricultural imports increased

Table 2.22. Net exports of maize in million metric tonnes.

Region
China and Taiwan
India
Other South Asia
East/Southeast Asia
WANA
Sub-Saharan Africa
Latin America
Developing world
Industrial world
Of which:
United States
Japan

1992–94

2002–04

4.6
0.0
–0.0
–9.1
–6.7
–2.6
–1.9
–15.7
16.5

5.1
0.6
–0.4
–13.0
–14.5
–1.5
0.3
–23.5
23.8

39.5
–16.4

46.3
–16.7

Source: FAO 2006a.

Copyright © 2010 Island Press. Please do not copy or circulate.

Trends in Consumption, Production, and Trade in Livestock and Livestock Products | 29

by $20 billion, of which 25% was higher soybean imports driven in part by livestock feed demand. China
is now the world’s largest importer of this commodity,
with the principal suppliers being the United States and
Brazil.
Meeting Growing Demands: Increased Imports of
Feedstuffs or Final Product?
Some countries, such as those in Northeast Asia, have
met increased demands for livestock products from
their domestic animals and from increasing imports of
feedgrains. Others, such as China, have largely relied
on domestic animal and grain resources. Especially in
countries increasingly facing land, water, environmental, or other constraints to livestock production, at what
point might imports of feedgrain be replaced by imports
of meat products? As illustrations, Figures 2.2 and 2.3
compare maize net imports with net imports of meats
measured in grain equivalents during 1975–2004 for
selected countries. These grain equivalents are based on
typical quantities of grain required to produce a kilogram of meat; the following coefficients are used to convert meat quantities to grain equivalents: beef 10, pork
4, and poultry 2. The grain-equivalent of imported dairy
products is omitted from this analysis.
The top part of Figure 2.2 gives aggregate data for
Japan, South Korea, and Taiwan Province, while Mainland China data are shown in the figure’s lower half. In
Northeast Asia, net imports of maize rose at an annual
rate of 7.9% from 1975 until 1985, before slowing to an
annual growth rate of 1.7% between 1986 and 2000 as
domestic meat production met tightening constraints to
further expansion. In comparison, net meat imports (in
grain equivalents) rose at an annual rate of 8.1% from
1975 to 1985 and then increased to 10.9% per year
between 1986 and 2000. Since 2000, imports of both

maize and meats have stabilized somewhat in response
to the slowdown of demand growth in this region.
The situation in Mainland China over the same period has been quite different. Since 1985, net exports of
maize have fluctuated considerably, but around a rising trend. At the same time, China has also been a net
exporter of meats. It is not at all clear whether, and if
so when, China will emerge as a persistent importer of
grains for livestock feeding or whether further in the
future China will eventually import grains embodied in
meat products.
Yet another pattern is evident for WANA (also a major net meat importer) in Figure 2.3. Between 1975 and
1985, net imports of both meats and maize were increasing. Since then, meat net imports steadied while those of
maize continued to grow at a time when domestic meats
(and maize) production continued to increase. Only in
the last few years have net meat imports shown a noticeable increase, with perhaps a leveling off of maize net
imports.
Tariffs and Other Barriers to Trade in Livestock
Products
The trade flows just discussed can be distorted by various
barriers to trade. These include import tariffs, nontariff
barriers, and export subsidies. These barriers can be severe in regard to livestock products. The bound tariffs of
the Uruguay Round Agreement on Agriculture (URAA)
averaged 62% globally (Gibson et al., 2001), but average tariffs for dairy products, meats, and eggs are above
that. Using these averages, tariff protection among livestock products is highest for dairy. The average bound
rate in OECD countries is 116%, compared with 74%
in non-OECD countries. For meats, depending on the
type and degree of processing, average bound tariffs
vary from 82 to 106% in the OECD and between 68

Figure 2.2. Net imports of maize and
meats (grain equivalent).
Source: FAO 2006a.

Copyright © 2010 Island Press. Please do not copy or circulate.

30 | Livestock in a Changing Landscape: Drivers, Consequences, and Responses

Figure 2.3. Net imports of
maize and meats WANA (grain
equivalent).
Source: FAO 2006a.

and 75% elsewhere. For eggs, average tariffs are 74%
(OECD) and 66% in non-OECD countries. Tariff rates
actually applied by a country can be lower than these
bound rates, although this tends be observed in developing rather than industrial countries.
These high tariffs contribute to very high nominal
protection (the ratio of producer price to world price, as
a percentage) of livestock production, especially within
the OECD. For example, the nominal protection coefficients for dairy in 2004 (OECD 2005) indicated average producer prices 38% and 58% above world prices in
the EU25 and United States, respectively, and more than
double world prices in Japan, Norway, South Korea, and
Switzerland. Beef production was also highly protected in
all these countries except the United States. Where high
nominal protection is combined with the sometimes very
low or zero tariffs on imports of feedstuffs, very high
levels of effective protection can result. Such protection
encourages a higher level of livestock production than
would otherwise be the case, resulting in either reduced
import demand or higher export supplies, and hence the
distortion of international trade flows.
Quantitative restrictions also impede the international flow of livestock products. Tariff-rate-quotas
(TRQs) were included in the URAA in cases where tariffs of previous quantitative restrictions would have provided little if any growth in market access. This device
combines a lower tariff on the quota volume of imports
and a higher tariff on above-quota imports. Of the 1,371
TRQs (WTO 2000), 31% relate to either meats or dairy
products. For example, 12 OECD countries have TRQs
on at least some dairy products, and 10 countries in the
OECD have TRQs for fresh and/or frozen beef, pork,
and/or poultry (Gibson et al., 2001). The above-quota

tariffs can be very high—for example, in 2000 they averaged more than 140% for beef and butter in the EU,
over 100% and 300% for butter in the United States and
Canada, respectively, and almost 680% for butter in Japan (OECD 2002).
Where high tariffs and other forms of producer assistance encourage high-cost export surpluses, export
subsidies can be used to encourage the export of such
supplies, up to limits specified in the URAA. The EU has
accounted for around 90% of global spending on agricultural export subsidies, although its absolute level of
spending has declined substantially since the mid-1990s.
Dairy product exports are on average the most heavily
subsidized of all commodities and accounted for around
35% or more of total spending during the 1990s. Export
subsidy rates (the ratio of the per unit export subsidy
to the world price, as a percentage) in 1995–97 were as
high as 173% for pig meat and 118% for butter in the
EU, and between 39% and 58% for dairy products from
the United States (OECD 2001).
In recent years several food safety issues have arisen
that involved trade in live animals or products derived
from them (Mathews et al., 2003). These include bans
on imports of certain animal and meat products from
countries where foot-and-mouth disease is endemic (such
as the trade from South to North America in beef), trade
restrictions on poultry meats because of food safety risks
from Salmonella infection, restrictions on the import
of products derived from animals treated with growthpromoting hormones (such as the long-running dispute
over beef exports from the United States to the EU),
concerns over whether livestock drug use may erode
the effectiveness of some antibiotics for human use, restrictions on trade in dairy products manufactured from
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non-pasteurized milk, and trade bans due to mad cow
disease.
The latter, for example, became a human health issue
in 1996 when a connection was announced between BSE
and a variant of Creutzfeldt-Jakob disease in humans.
This is a major food safety concern due to uncertainty
over how the disease may be transferred to humans and
the difficulties in identification and cure. It seriously affected cattle and beef exports from the United Kingdom
in 1988, 1996, and 2000, and also led to bans by some
countries, including China and Japan on such imports
from North America from 2003 until recently. Such disease outbreaks, food safety concerns, and risks result
in many countries either banning imports altogether
or imposing other measures. such as tighter product
standards, to prevent the introduction of such diseases
through trade. In response to BSE, for example, international trade has in some cases been restricted to certain
cuts or parts of a slaughtered animal.
These trade regulations are determined through
rules and procedures established in the SPS Agreement
of the Uruguay Round. It obligates World Trade Organization member countries to ensure that SPS regulations have scientific justification, do not discriminate
between nations, are not applied as a disguised form of
trade protection, and are not more trade-restrictive than
is necessary to provide the chosen level of health protection. In an effort to harmonize such regulations and
make them transparent, countries base their SPS measures on international standards, such as those recommended by CODEX (food standards, including those for
animal products) and those of the OIE regarding animal
health issues. Countries may impose higher standards,
but they must be supported by scientific justification and
risk assessments. Disease-free regions can also be recognized within national borders, such as regions of some
South American countries that have been declared free
of foot-and-mouth disease from time to time.
While this system contributes to well-functioning
global markets that may ensure safe foods for consumers
without erecting overly restrictive trade barriers, a key
concern is the ability of emerging developing-country
exporters to meet the standards of industrial-country
markets or to implement such procedures themselves to
protect their own human and animal populations. Technical assistance has been directed at this problem, and
further assistance will be required to allow developing
countries to fully realize advantages from participation
in international markets for livestock products (Josling
et al., 2004).

Projections of Consumption, Production,
and Trade
Meat consumption per person in the developing world
is expected to grow less rapidly than in the recent
past (this section is taken from the projections in FAO

2006b). The rapid consumption growth observed previously, especially in China but also other countries such
as some in South America, is unlikely to continue at the
same rate, since relatively high consumption rates have
already been reached in some instances and since population growth is slowing. This may not be the outcome
in China, however, if government efforts to raise rural
incomes closer to those of the urban population are successful, since rural consumption levels are much lower
than in urban regions. While poultry meat consumption
in India is expected to continue its recent rapid growth,
it is from a relatively low base level and may not have the
same impact on meat consumption growth at the global
level as the expansion in China did.
Thus aggregate meat consumption in the developing
world may grow during the next 30 years just half as
rapidly as in the recent past. (See Table 2.23.) Meat consumption in the industrial countries is already high, at
around 80 kg per person. Near-saturation levels of consumption, combined with health and obesity concerns,
suggest little future growth in these countries. However,
some substitution among meat types is likely to continue,
with increased poultry meat consumption at the expense
of beef and pork. Overall meat consumption in industrial countries is projected to grow by 10% by 2030 and
by another 4% during the following two decades.
In contrast, no slowdown in dairy consumption
growth in developing countries is foreseen. Consumption per person is generally still relatively low, and the
potential for further growth from rising incomes and urbanization is still present in many countries. Total consumption of dairy products is projected to increase by
almost 50% by 2030 and then by another 16% by 2050.
For industrial countries, these increases are much lower,
at 4% and 2%, respectively.
Despite the projected slowdown in meat consumption growth, expansion of international trade in meat
is likely to continue. A projected feature of this trade is

Table 2.23. Projections of meat and dairy consumption (kg/
person/year).

Commodity
World
Meats
Dairy products
Developing
Meats
Dairy products
Industrial
Meats
Dairy products

1989/91 1999/2001 2030

2050

33.0
76.9

37.4
78.3

47
92

52
100

18.2
38.1

26.7
45.2

38
67

44
78

84.3
211.2

90.2
214

99
223

103
227

Source: FAO 2006b.
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Table 2.24. Projected consumption and production growth rates
(% growth per year).

Commodity
World
Production:
Poultry meat
Total meat
Dairy products
Aggregate livestock
Cereal feed demand
Consumption:
Poultry meat
Total meat
Dairy products
Developing
Production:
Poultry meat
Total meat
Dairy products
Consumption:
Poultry meat
Total meat
Dairy products

1981–
2001

1991–
2001

1999/01– 2030–
2030
50

5.2
2.9
0.8
2.1
0.6

5.3
2.7
1.1
2.1
0.8

2.5
1.7
1.4
1.6
1.6

1.5
1.0
0.9
0.9
0.8

5.1
2.8
0.8

5.1
2.7
1.0

2.6
1.7
1.4

1.5
1.0
0.9

8.4
5.6
3.7

8.2
5.1
4.0

3.4
2.4
2.5

1.8
1.3
1.4

8.2
5.6
3.4

8.2
5.3
3.7

3.4
2.4
2.5

1.8
1.3
1.3

Source: FAO 2006b.

that more of the meat imports may be supplied by developing country exporters, suppliers such as Brazil have
the potential to further increase production. Trade in
dairy products will also continue to expand, especially
into the major deficit regions of East/Southeast Asia and
WANA.
While feedgrain use grew at a slower rate than meat
production over the past decade (Tables 2.8 and 2.15),
this is not expected to continue. Instead, by 2050 total
feedgrain use is projected to grow at the same annual
rate as meat production, and to grow faster up to 2030
than beyond (Table 2.24). One reason is the structural
shift occurring in many developing countries, from livestock production under “backyard” conditions that use
various crop residues and food wastes for feed to modern commercial systems that are more reliant on grains
and oil crops for feedstuffs and that could raise average
grain:meat ratios. Developing countries accounted for
34% of global use of cereals for livestock feed in 2001–
03 but could see this share increase to 52% in 2030 and
56% in 2050.
These projections were made before the extent of
global biofuels developments was fully appreciated. Projecting feed demands from the livestock sector is now
complicated by these new uncertainties in energy markets. Traditional feedstocks for animals, such as maize
and soybeans, are also major feedstocks for ethanol
and biodiesel production. Such emerging demands are

putting upward pressure on grain and oil crop prices.
Should these prices continue to strengthen, and as increased supplies of by-products suitable for livestock
diets emerge from the biofuels industry, changes in feed
formulation practices may occur, involving a shift away
from maize and soybean and toward locally available
feedstuffs and biofuel by-products. China, for example,
has responded to recently escalating grain prices with
new export constraints on maize and some other crops
and is targeting alternative crops such as sweet sorghum
for its bioethanol program. Simpson et al. (2007) suggest
that such a use of sweet sorghum will add substantially
to China’s feedstuff production through the by-production of crushed stover and wet or dried distillers grains,
and they project that use of these products could reduce
China’s imports of protein feed crops such as soybeans
by more than 20% by 2030.
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3
Structural Change in the Livestock Sector
Cees de Haan, Pierre Gerber, and Carolyn Opio

Main Messages
• The livestock sector is the most important global land
user. Increasing pressure from a growing world population
and from various sectors (urbanization, tourism, biofuels)
will increase the competition for land, in particular the more
extensively used grasslands.
• Competition for land, water, and fossil fuels, along
with climate change, will be key driving forces
shaping future livestock production systems. Their
effects can be attenuated or exacerbated by the policy
framework. In the past, erroneous subsidies on inputs
(feed) and distorted pricing policies for land, water, and
environmental services have made the sector a major
contributor to global environmental degradation.
• The demand for feed grains, which has been rather
stagnant for a few decades due to technological
changes that affected feed conversion efficiency and
shifts in inefficient subsidy policies, will expand to
meet the continuous growth in demand for meat and
milk. Because efficiency gains similar to those in the past
are unlikely, feed grain area expansion is likely to occur,
which in turn can lead to land degradation, biodiversity loss
from deforestation, and conflicts in the developing world.
• Technological changes in livestock genetics,
nutrition, and health that have led to increased factor
productivity have greatly attenuated the need for
more feed.
• Public and private-sector food safety and quality
standards have gained major importance in the
developing world not only for exporting countries
but also to meet the demands of the growing middle
class in regions such as South and East Asia and
Latin America.
• Livestock production systems showed an increase in
farm size because of economies of scale in about half
of the world due to population pressure and demand.

A reduction in farm size has occurred for the rest of the
systems.
• Many production systems have shifted from being
grassland-based to mixed farming and, above all,
to intensive production in landless systems, which
has shown a strong increase in the poultry and pig
sectors.

The Impact of Natural Endowments on
Production
Resource availability in terms of land, water, and fossil fuels is a main determinant of the global capacity
to meet the increasing demand for livestock feed and
thereby constitute major drivers shaping the livestock
sector.
Land
Livestock production is strongly linked to land, as the
sector uses 3.9 billion hectares—500 million hectares are
for feed crops (33% of the cropland), generally intensively managed; 1.4 billion hectares are for pasture with
relatively high productivity; and the remaining 2.0 billion hectares are extensive pastures with relatively low
productivity (Steinfeld et al., 2006a).
Access to land and its resources is becoming an acute
issue and an increasing source of competition. Disputes
over access to land have caused civil unrest and even
wars in the past, and resource-related conflicts are on
the increase, especially in dryland areas. For example,
Westing et al. (2001) report disputes over access to renewable resources—in particular, land and water—as
one of the principal pathways in which environmental
issues lead to armed conflicts. This may be the result of
a reduced supply of resources (because of depletion or
degradation), distribution inequities, or a combination
of these factors.
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Two concepts are central to the use of land for a
given purpose: profit per unit of land and opportunity
cost. Profit per unit of land (i.e., the surplus of revenue
generated over expenses incurred for a particular period
of time) describes the potential reason for an operator
to engage in a particular use of the land. Profit thus generally depends on the biophysical characteristics of the
land and on its price, as well as on factors such as accessibility to markets, inputs, and services. Opportunity
cost—the cost of doing a particular activity instead of
doing something else—compares the social costs related
to two or more types of land use. Opportunity cost thus
includes not only private costs to production but also
direct and indirect costs borne by society, such as loss
of ecosystem services. For example, the impossibility of
using land for recreational purposes would be part of the
opportunity cost of cropping a particular area.
In a situation of land surplus and low appreciation of
nonmarketable ecosystem services, decisions on land use
are predominantly driven by a calculation of profit per
unit of land, which is usually based on tradable goods
and services. As a result, nonmarketable benefits are often lost or degraded. This approach is still predominant.
However, environmental and social services provided by
ecosystems are receiving increasing recognition. A case
in point is the growing recognition of a whole range of
services provided by forests, a type of land use generally
antagonistic to agricultural use.
Until the 1960s, livestock production growth was
mainly based on an increase in livestock populations
and in land dedicated to producing animal feed, including fodder, grass, grain, or crop residues. As a result, the
conversion of natural habitats to pastures and cropland
grew rapidly. (See Figure 3.1.) More land was converted
to crops in the 30 years between 1950 and 1980 than
in the 150 years between 1700 and 1850 (MA 2005).
In particular, there was a dramatic acceleration of conversion of natural ecosystems to pasture and cropland
after the 1850s (Goldewijk and Battjes 1997). Recent
trends, however, show a tendency toward land use
intensification.

There are major regional differences in production.
Table 3.1 presents regional trends over the past four decades for three classes of land use: arable land, pasture,
and forest. In North Africa, Asia, and Latin America and
the Caribbean, land use for agriculture—both arable land
and pasture—is expanding. The area under agriculture is
high in Asia and Latin America and is progressing at substantial rates, with even accelerating expansion in Asia.
Agriculture in these two regions is expanding, mostly at
the expense of forest cover (Steinfeld et al., 2006a). In
contrast, North Africa has seen cropland, pasture, and
forestry expanding at only modest rates, with low shares
of total land area covered by arable land.
Oceania and sub-Saharan Africa have limited arable
land (less than 7% of total land) and vast pastureland
(35–50% of total land). Expansion of arable land has
been substantial in Oceania and is accelerating in subSaharan Africa. There is a net reduction of forested lands
in both regions. Local studies have also documented replacement of pasture by cropland.
Western and eastern Europe and North America
show a net decrease in agricultural land over the last
four decades, often tied to either stagnation or an increase in forested land. These trends have occurred in
the context of a high share of land dedicated to crops:
37.7% in eastern Europe, 21% in western Europe, and
11.8% in North America.
The Baltic and Commonwealth of Independent States
(CIS) show an entirely different pattern, with decreasing
land dedicated to crops and increasing land dedicated
to pasture. This trend is explained by the structural and
ownership changes that occurred in this region in the
1990s.
Pastureland and Grazing

Grasslands—terrestrial ecosystems dominated by herbaceous and shrub vegetation and maintained by fire, grazing, drought, or freezing temperatures—as a natural land
cover are estimated to currently occupy between 29%
and 40% of total emerged land (FAO 2005). Figure 3.2
in the color well shows the wide diffusion of grasslands
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Figure 3.1. Estimated changes in

land use from 1700 to 1995.

Source: Goldewijk and Battjes 1997.
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Table 3.1. Regional trends in land use for arable land, pasture, and forest, 1961–2001.

Arable land
Annual growth rate
(%)

Asia
Oceania
Baltic states and
CIS
Eastern Europe
Western Europe
North Africa
Sub-Saharan Africa
North America
Latin America and
Caribbean
Developed
countries
Developing
countries
World

1961–
1991

1991–
2001

0.4
1.3
–0.2

0.5
0.8
–0.8

–0.3
–0.4
0.4
0.6
0.1
1.1

Pasture
Share of
total land
in 2001
(%)

Annual growth rate
(%)
1961–
1991

1991–
2001

17.8
6.2
9.4

0.9
–0.1
0.3

1.0
–0.3
0.1

–0.4
–0.4
0.3
0.9
–0.5
0.9

37.7
21.0
4.1
6.7
11.8
7.4

0.1
–0.5
0.0
0.0
–0.3
0.6

0.0

–0.5

11.2

0.5

0.6

0.3

0.1

Forest
Share of
total land
in 2001
(%)

Annual growth rate
(%)

Share of
total land
in 2000
(%)

1961–
1991

1990–
2000

32.9
49.4
15.0

–0.3
0.0
n.d.

–0.1
–0.1
0.0

20.5
24.5
38.3

–0.5
–0.2
0.2
–0.1
–0.2
0.3

17.1
16.6
12.3
34.7
13.3
30.5

0.2
0.4
0.6
–0.1
0.0
–0.1

0.1
0.4
1.7
–0.5
0.0
–0.3

30.7
36.0
1.8
27.0
32.6
47.0

–0.1

0.1

21.8

0.1

10.4

0.5

0.3

30.1

–0.1

10.8

0.3

0.2

26.6

0.0

–0.1

30.5

Source: FAO 2006a, except for forest growth rate 1990–2000 and share of total land in 2000, from FAO 2005.

across the world. Except for bare areas (dry or cold deserts) and dense forest, grasslands are present to some extent in all regions. They are dominant in Oceania (58%
of the total area, with 63% in Australia), whereas their
spread is relatively limited in North Africa and the Near
East (14%) and in South Asia (15%). In terms of nominal extension, four regions have approximately 7 million
km2 of grassland or more: North America, sub-Saharan
Africa, CIS, and Latin America and the Caribbean. Permanent pastures are estimated to cover about 34.8 million km2, or 26% of total land area (FAO 2006a).
Grasslands have expanded by a factor of six since the
beginning of 1800 and now occupy nearly all land that
can be grazed and has no other demands on it (Asner
et al., 2004). But given current trends of conversion of
grasslands to cropping, there will be little room for expansion of the areas under grassland; to the contrary, the
trend is expected to be continued conversion of pasture
into cropland due primarily to the growing demand for
feed crops (Steinfeld et al., 2006a). Significant changes in
land use with direct relevance to the global environmental landscape include the following:
• Conversion of pasture to arable land, urban areas,
and forest. While global long-term data on the
rate of conversion are not available, some specific
examples illustrate the general trends. For example,
of the original North American tall grass prairies,

only about 9% still remain as grassland; the rest has
been converted to agricultural crops (71%), urban
development (19%), and forests (1%). Similarly,
21% of the South American cerrado woodland
and savannas remains in pasture; the rest has been
converted to cropland (71%), urban areas (5%), or
forests (3%) (White et al., 2000). Agricultural crops
in South America, particularly Brazil, are focused on
the cultivation of soybeans.
The encroachment of arable farming in the dryseason grazing areas is particularly critical for migratory livestock (pastoral) systems. The conversion of
such sites of high potential in the arid and semiarid
rangelands removes a vital part of the pastoral extensive grazing system from the annual cycle, thereby
undermining the viability of the entire system, and
it is therefore a major source of conflict in the Sahel
and in some South Asian countries (Scoones 1994).
• Land degradation in arid and semiarid zones.
Extensive grazing systems of arid lands are
often associated with overgrazing, leading to
soil degradation caused by erosion and nutrient
depletion. Population pressure, arable farming
encroachment, and government policies to settle
mobile pastoral groups are also major causes of soil
degradation. Moreover, the communal ownership
of most rangelands (as opposed to individual
livestock ownership) in the arid and semiarid areas
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in sub-Saharan Africa and South and Central Asia
constrains potential investments in improvements
because the investment of one individual would be
captured by other members of the society. This issue
of the “tragedy of the commons” has become more
critical as the social cohesion of pastoral societies has
eroded, and with it the traditional discipline in the
management of common lands.
However, livestock is only one of the many
causes of land degradation. Agricultural cropping
in marginal areas and firewood harvesting also contribute to land degradation. The most irreversible
degradation occurs around settlement areas, water
points, and livestock travel routes. The degree and
reversibility of land degradation in the arid and semiarid rangelands of the tropics are still major subjects
of debate. The views of the United Nations Environment Programme (Middelton and Thomas 1997)
and Dregne and Chou (1994) and the statement that
70% of arid land is degraded has been challenged
by the “nonequilibrium” thought of contemporary
range ecologists (Scoones 1994), who stress rangeland dynamics and the resilience of annual vegetation
in apparently degraded areas. The latter is also highlighted by the work of Tucker et al. (1985) from the
U.S. National Oceanic and Atmospheric Administration, who point to an “expanding and contracting
Sahara.” Finally, the resilience of the arid rangelands
as presented by Breman and de Wit (1983) stresses
the importance of nutrient depletion from these areas
and the high efficiency of the use of the areas. (See
Box 3.1.)
• Conversion of forest to pastureland. In Asia and
Central Africa, legal and illegal timber extraction are
Box 3.1. Arid Rangelands of Africa
The sub-Saharan arid rangelands are often depicted as bare
wasteland, with some low-productivity cattle maintained by
pastoralists for prestige reasons. However, more-detailed
studies showed that they were used quite efficiently, certainly
in terms of production per unit of land and per unit of fossil fuel. Analysis showed production for the various types of
rangelands in Mali that ranged from 0.6 to 3.2 kg animal protein per hectare per year. This took into account the multiple
uses of the pastoral herds, including milk production. This is
substantially higher than the average 0.4 kg of animal protein per ha per year obtained in North American or Australian
ranches under similar rainfall conditions. While part of this
higher production might be due to resource depletion because of overgrazing, long-term trends show a stable meat
and milk production of the Sahelian rangelands, thus pointing
also to high productivity.
Source: Breman and de Wit 1983, de Haan et al., 2001.

the main reason for deforestation. In Latin America,
conversion of tropical forest to cattle ranching is
still important. Livestock ranching there has been
associated for a long time with the deforestation of
the Amazon. This negative association has gained
increased significance in recent years as the rate of
deforestation has increased and livestock’s role in
the process has become more pronounced. In the
Amazon, deforestation had accelerated from about
18,000 km2 per year in 1990–2000 to about 25,000
km2 per year more recently. Amazonian deforestation
was estimated at 0.6% between 2000 and 2005
(FAO 2007). Assisted by its comparative advantage
of being free of foot-and-mouth disease and bovine
spongiform encephalitis (BSE) or “mad cow disease”
in some Brazilian states, beef exports soared. Over
the period 1996–2004, the total export value of beef
increased tenfold from $190 million to $1.9 billion,
making Brazil the world’s largest beef exporter
(World Bank 2009). Combined with an impressive
change in productivity (see Box 3.2) beef cattle
ranching, which in the beginning of the 1990s was
only profitable if subsidized and part of a land use
sequence (including cropping)—became financially
attractive in its own right and a major force in
continued deforestation.
Arable Land and Feed Grain Production

Some 670 million tons of cereals are used for livestock,
representing about 35% of the total world cereal use
(Steinfeld et al., 2006a). Figure 3.3 in the color well
shows the estimated global extent of grain production
for animal feed. The reliance on different species has
led to a wide diversity of feed grain crops. Corn is the
predominant feed grain in Brazil and the United States,
while wheat and barley are dominant in Europe and
Canada. Southeast Asia relied on similar proportions of
wheat until the early 1990s; since then, it has progressively shifted to corn. In contrast, Figure 3.4 in the color
well shows the geographical concentration of soybean
production, with eight countries supplying more than
95% of the world’s consumption.
In spite of the strong increase in livestock numbers
and production, the amount of grain used for livestock
feed is down by 40% over the last two decades (FAO
2006b). This is due to a shift in the amount of grain required to produce a kilogram of meat. The decline reflects an overall increase in feed conversion efficiency,
accompanied by a shift to a monogastric species such as
poultry, which require less grain per kilogram of meat
produced than beef or swine. In addition, there was a
strong decline in feed use in the inefficient former Soviet economies following the transition from planned
economies, as well as a change in subsidy policies in the
European Union. Most of these trends are not likely to
continue in the future; however, it is still expected that
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Box 3.2. Productivity Improvement as a Major Push
Factor for Deforestation in the Amazon Areas
Livestock–environment linkages have been synonymous over
the last decade with deforestation of the rain forest in the
Amazon. The term the hamburger connection stems from that
perspective. Until the mid-1990s, however, cattle ranching
was only profitable in most Amazon regions when it was part
of a land use sequence that started with harvesting the most
valuable trees, followed by cropping. Cattle grazing on the
remaining natural vegetation was the final part of the land use
sequence before the land was left fallow. However, over time,
major technology improvements in cattle ranching within that
environment contributed to improved profitability, as shown
below.

Key technical parameters in the beef industry in the Amazon area of Brazil, 1985 and 2003
Parameter
Region
Carrying capacity
(AU /ha)
Fertility rate (%)
Calf mortality (%)
Daily weight gain

1985

2003

Northwest Brazil
0.2–1

Rondonia
0.91

50–60
15–20
0.30 kg

88
3
0.45 kg

Source: World Bank 1991, Margulis 2004.

the total feed requirement will increase by about 1.6%
per year until 2030 to about 1.1 billion tons (FAO
2006b). These requirements would need to be met by
an increase in productivity per hectare in addition to an
increase in cultivated area.
• Increased past productivity of feed grains. Impressive
gains have been achieved over the last few decades in
feed grain productivity, as shown in Table 3.2 for the
main feed grains.
• Expansion of feed-producing areas. It is unclear how
many more productivity gains can be achieved, as a
yield limit seems to have been met for several grains.
Assuming, therefore, that the demand for feed grains
will reach 1.1 billion tons by 2030 and assuming
some modest gains in productivity, an increase in
cultivation area might be needed. This increase will
have to compete with other emerging types of land
Table 3.2. Yields (kg/ha) of major feed grains, 1980–2005.

Feedgrain

1980

2005

Corn
Soybean
Wheat
Barley

3,154
1,600
1,855
1,998

4,754
2,344
2,901
2,401

Source: FAO 2006a.

use, such as the production of biomass for energy
purposes (described later in the chapter). In any
case, most of the increase in land area for feed grain
production would have to come from the conversion
of pasture into cropland, with space still available
in the Southern Cone of the Americas and the arid
savannas of Africa. The challenge will be to make
this conversion in an ecologically sound fashion.
In this respect, one of the most debated new areas
for the production of animal feed is the expansion of
soybean cultivation in western Amazonia. The prohibition against using animal by-products in livestock feed
because of the BSE risk has generated a strongly increased demand for plant protein, especially high-quality
soybean meal for livestock feed. This, combined with the
development of cultivars that are better adapted to the
humid tropical environments of Amazonia, has led to a
strong expansion of soybean cultivation in that region.
While some soybean cultivation degraded cattle rangeland, other expansion comes from the direct conversion
of savanna and forest into cropland (Steinfeld et al.,
2006a). The use of new crop husbandry techniques, such
as conservation tillage, facilitates direct conversion and
may improve the long-term sustainability of agricultural
soil management.
Water
Water availability will also be a determining factor shaping feed availability. Agriculture accounts for 70% of
total water withdrawals, and the total water needs for
agriculture are expected to increase an additional 14%
by 2030. Withdrawals for agriculture in developing
countries can be as high as 85% (World Bank 2004).
Most the future demand for water is expected to occur
in the developing world. These trends will exacerbate already severe water shortages, particularly in Africa and
in West and South Asia. Water is less of a problem in the
grazing and rainfed mixed systems, as most feed grains
are produced in rainfed areas. However, competition for
water in some regions will be a major factor affecting the
use of irrigation water for feed or food production.
Steinfeld et al. (2006a) estimated that the production of barley, maize, wheat, and soybean crops requires
about 10% of total water used for plant production in
irrigated areas (that is, the total amount evapotranspired) globally. If it is assumed that those crops represent
about 75% of the total feed requirement, then the share
of water evapotranspired for feed production amounts to
13.3% of the total global amounts in irrigated areas.
With requirements for alternative water uses also increasing, attention will have to be paid to improving
irrigation efficiency, which was estimated by Bruinsma
(2003) to be currently at about 38%. Investments in improved canal linings and equipment for precision irrigation, for example, would significantly improve efficiency.
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However, as shown in many parts of the world, adjusting
incentives and the institutional framework has to be the
main instrument for improving efficiency (World Bank
2004). This can be implemented by the introduction of
full-cost recovery pricing for water and energy.
Fossil Fuels
Fossil fuel needs will affect livestock production in many
areas, but probably most significantly in the production of
nitrogen fertilizers. Urea- and ammonia-based fertilizers
have been major drivers of the increase in feed grain productivity, especially in the high-energy feed grain crops.
About 97% of nitrogen fertilizers are derived from synthetically produced ammonia, which in turn is produced
using natural gas, although other energy sources such as
coal can be used, as in China (Steinfeld et al., 2006a).
The animal production sector is a major consumer
of synthetic fertilizers. Steinfeld et al. (2006a) estimate
that the share of synthetic nitrogen fertilizers used to
produce feed (grains, oilseeds, roots, and tubers) varies from 70% in the United Kingdom to 16% in China.
The United States (51%), Germany (62%), and France
(52%) also use a major share of their fertilizer supplies
to produce livestock feed.
The recent rise in energy prices affects the price of
synthetic fertilizer. In the United States, for example,
which has seen one of the largest increases in natural gas
prices, the price of urea increased from about $120 per
short ton in 2002 to about $300 per short ton in October
2005 (FAO 2005). This might offer greater opportunities for organic fertilizers, such as manures and nitrogenfixing cover crops. This, in turn, could also change the
types of feed produced, with the possible expansion of
leguminous crops in mixed farming systems. The fossil
fuel constraint is leading to an increase in the land area
under cultivation for biofuels, which competes with feed
grains for land.

Climate Change: Likely Impacts and
Livestock’s Contribution
Climate change, and in particular increased weather
variability, will also drive the shape of the future industry. It has been estimated that crop yields could decline
by one-fifth in many developing countries (Fischer et al.,
2001). Water availability, particularly in the subtropics,
is expected to diminish, and an increase in interannual
seasonal variation (including the frequency and intensity of extreme events, such as droughts and floods) will
also have a large effect on the poor. This is because their
crops, livestock, homes, food stores, and livelihoods are
at risk from floods and droughts, and they have few resources to carry them through difficult periods.
The effects will be most severe for feed grain production, mixed farming systems, and pastoral systems
in sub-Saharan Africa and South Asia, where production systems are rainfed and thus highly vulnerable to

drought. The frequency of droughts and flooding is
expected to continue increasing, and reduced rainfall,
higher temperatures, and changing pest populations
will negatively affect food production in the tropics. On
the other hand, some areas now not suitable for cropping or grazing, such as northern Canada and Russia,
might come into production. Climate change might also
increase the incidence of diseases, in particular vectorborne diseases such as trypanosomiasis, in many regions
(Weihe and Mertens 1991, Kurukulasuriya et al., 2006).
While global climate change has important implications for future production patterns, the livestock sector
itself is contributing to the changes in global climate. Agriculture currently accounts for about 30% of the global
emission of greenhouse gases, with 60% coming from
the livestock sector if carbon dioxide losses because of
land conversion are included (Steinfeld et al., 2006a). A
major challenge will be to adjust production systems so
that they adapt to the changing physical environment
while adopting practices that accentuate the positive environmental externalities and mitigate the adverse effects
of agricultural practices on greenhouse gas emissions.

Competition for Land and Feed Resources
The livestock sector competes with other sectors for a
number of resources—competition that has been spurred
by either resource scarcity or the need for alternatives.
This section looks at some of the challenges and emerging issues that the livestock sector is facing with regard
to resource access. It focuses on issues related to feed resources and land use, analyzing how the dynamics within
other sectors are affecting the livestock sector. In addition, it looks at the increasing use of livestock feed inputs
in the production of biofuels, aquaculture, and other industrial purposes.
Biofuels
High world oil prices, growing demand for energy and
energy security, and concerns about climate change coupled with the pressure on countries to meet greenhouse
abatement targets all have been key factors driving the
increasing interest in renewable energy sources, especially biofuels. Biofuels are transportation fuels derived
from plant matter (OECD 2006). Two types currently
account for the bulk of renewable fuels: bioethanol is
made primarily from sugar (cane in Brazil and beet in the
European Union) and starch crops (corn in the United
States); biodiesel is produced from vegetable oilseeds
such as rapeseed, sunflower, and soybean.
Biofuel production has expanded at a remarkable
pace over the last decade. Global production of ethanol has increased nearly fourfold between 2000 and
2008, while production of biodiesel started from a much
smaller base of 0.9 billion liters and reached some 12
billion liters in 2008. (See Figure 3.5.) Biofuel production has been supported by government programs either
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Figure 3.5. Global ethanol and biodiesel production.
Source: OECD–FAO 2008, Brown 2006.

through the provision of market incentives (tax concessions, vehicle taxes, and subsidies) or by market regulations (OECD 2006). The latter include explicit supply
mandates, fuel blending standards, and bans on chemical ingredients.
There are significant trade-offs involved in the massive expansion of biofuel production. Chief among them
is the increased demand for feedstock, which has led to
higher prices for feed grains. Despite the recent decline
in international commodity prices, world prices of commodities such as grains and vegetable oils have since
risen more than 60% above 2006 levels (FAO 2009). For
example, U.S. corn prices rose from $2.50 a bushel in
2005 to $4.05 a bushel in 2008 as growing demand for
biofuel competed with the livestock sector for grain supplies (USDA–NASS 2009). In Europe, the price of rapeseed increased from about 180 euros a ton in 2000 to
approximately 480 euros a ton in 2008 (European Commission 2008).
The rapid increase in demand for and production of
biofuels, particularly bioethanol from maize and sugarcane, has had a number of effects on grain supply-anddemand systems. Expanded production of ethanol from
maize, in particular, has increased total demand for maize
and shifted land area away from production of maize
for food and feed, stimulating increased prices for maize
(IFPRI 2008). In all major producing countries there has
been an increase in the crop acreage of biofuel crops.

The United States increased land in maize (corn)
production in 2007 by 23%, which led to a 16% decline
in soybean area and contributed to a 75% rise in soybean prices between April 2007 and April 2008 (World
Bank 2008). In Brazil, the land area dedicated to sugarcane production increased by 34% between 1996 and
2006 (USDA–FAS 2006). Germany, the leading biodiesel
producer in the European Union, saw its rapeseed area
increase from 900,000 hectares in 1997 to 1.5 million
hectares in 2007 (USDA–FAS 2009).
The biofuel process produces substantial amounts
of by-products. These include dried distillers grains
(DDGs), a primary feed product from dry-mill ethanol;
gluten meal from wet-milling; and oilseed meal, a byproduct in the production of biodiesel. Bagasse is a byproduct of ethanol production from sugarcane. These
products can be used partly to compensate for the loss
of feed crops that go into the biofuel production process,
although DDGs are more suitable for dairy cattle feeding, whereas bagasse, originally used as an animal feed,
is now being diverted to generate energy on the sugar
mills or used as a raw material for paper production.
The further expansion of biofuels is not clear. One
estimate is that by 2030 some 15% of the liquid fuel
needs will be met by biofuels, which will have major impacts on future land requirements and the price of feed
grains (OECD 2006). For example, it is estimated that
having biofuels meet 10% of gasoline and diesel needs
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would require 43% of the cropland in the United States
and 38% in the European Union (IEA 2005). While
new technologies such as cellulosic biomass feedstock
and new processing technologies might reduce costs and
land requirements, it is clear that recent high fossil fuel
prices and the need to reduce greenhouse gas emission
are strong drivers for increased biomass production and
hence for the shape of livestock feed production.
Fishmeal
Parallel to the livestock revolution, there has been a
strong expansion in demand for high-value aquacultural
products, which increased at an average compounded
rate of about 9.2% a year since 1970 (World Bank 2006).
This fast-expanding high-value aquaculture sector based
on carnivorous species (such as salmon and shrimp) is
more dependent on fishmeal and fish oil than terrestrial
animals and is therefore using an increasing share of the
rather inflexible supply of fishmeal. For example, the
share of fishmeal used by aquaculture grew from 8% in
1988 to about 35% in 2000 (Delgado et al., 2003a) and
then to 45% in 2005 (World Bank 2006). Yet the prohibition against using meat offal in livestock feeds because
of the BSE risk is forcing the livestock sector, in particular in East Asia, to substitute fishmeal for soybean meal
as an alternative source of plant protein. Major research
efforts are under way, for example, in China, to substitute fishmeal for soybean meal in aquaculture as well (see
Box 3.3), putting more pressure on land in those areas
that is ideally suited for soybean cultivation, such as the
tropical savanna and rainforest areas.

Box 3.3. Long-Term Potential of Soybean Meal Use in
Aquaculture
China’s fast-growing aquaculture sector totally dominates
world aquaculture. In 2002, China accounted for more than
two-thirds of global aquacultural output. Aquaculture in China
has expanded from 1 million tons in 1981 to 28 million tons
in 2002.
Traditionally, China relied heavily on fishmeal as a source
of animal feed. But with fish becoming scarce, China has
turned to soybean meal as an alternative. The U.S. Department of Agriculture reports a strong import demand for soybeans over the past two decades, attributing this increasing
use partly to the increase in aquaculture production. According to the American Soybean Association, soybean meal use
by the Chinese aquaculture industry as feed is estimated to
exceed 185 million bushels a year, the equivalent of about 5
million metric tons. To date, freshwater fish rations are now
roughly one-third soybean meal, substantially higher than the
18–20% soybean meal content in livestock and poultry feeds.
Source: Brown 2004, 142–144; USDA-FAS 2005; U.S. Soybean
Export Council 2006.

Agricultural Residues and By-products for
Industrial Uses
Crop residues and by-products such as cereal straws, corn
stover, sorghum stalks, and sugarcane bagasse, once of
value only as livestock feed, now face competing uses as
fuel and industrial raw materials. With a decrease in wood
availability and the resulting increase in the cost of wood,
the use of nonwood fiber such as agricultural crop residues
is gaining significance (Hurter 1998). Crop residues such
as straw and bagasse have been used in paper production
in China, India, Pakistan, Brazil, and a number of other
countries (Bowyer and Stockmann 2001). Today, global
paper production from crop residues is on the rise, with
the percentage of pulp capacity accounted for by nonwood
fiber globally now close to 12%, compared with an estimated 6.7% in the 1970s. Wheat straw currently accounts
for over 40% of nonwood fibers and bagasse and bamboo
account for about 25% (Bowyer et al., 2004). As the large
majority of these crop residues are used for ruminant feeding, these alternative uses will put more pressure on land
resources and, in particular, on grasslands.

Production Technology
Technology has been one of the main drivers of increased
total factor productivity. The widespread application of
advanced breeding and selection methods, reproductive
techniques, feeding technology, and sophisticated animal
health control measures has spurred impressive productivity gains in most parts of the world. In breeding, new
selection methods that disentangle genetics from feeding and management, such as the Best Linear Unbiased
Prediction (BLUP), greatly improved the accuracy of
the predictions of the breeding value of an animal. In
reproductive techniques, advances such as artificial insemination, embryo transfer, sexing and cloning, and the
identification of genetic markers have greatly accelerated
the rate of multiplication of the best genotypes. This is
particularly important with species with a short generation interval, such as pigs and poultry. In feeding, a much
better balanced diet, including the optimum addition of
amino acids and microminerals, greatly increased the
feed conversion (the amount of feed required for one kg
of growth). Finally, the development of improved vaccines and especially the development of pathogen-free
stables reduced losses in mortality and morbidity and
again increased efficiency. The synergy of the application
of these technologies increased production per animal as
well as the efficiency of production. (See Table 3.3.)
Policies and Institutions
Policies and institutions will be key drivers affecting
the shape of the future feed and livestock industry, with
incentives, regulations, and institutions as the main instruments. Public livestock policies can be seen as forces
that add to the drivers described earlier and that influence changes in the sector with the aim of achieving an
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Table 3.3. Comparison between some past and current key performance indicators for livestock production.

Item

Past performance
and year

Current performance
and year

Source

Feed conversion egg production
2.96 (1960)
2.01 (2001)
Arthur and
(kg feed/kg egg), United States			  Albers 2003
Feed conversion broiler meat (kg feed/kg
1.92 (1957)
1.62 (2001)
Havenstein et al.,
live weight gain), United States			  2003
Feed conversion pigs (kg feed/kg
3.34 (1980)
2.72 (2001)
de Haan et al., 2001
live weight gain), United States
Milk production (kg/cow/year), OECD countries
4,226 (1980)
6,350 (2005)
FAO 2006a

identified set of societal objectives. Policies are designed
and adjusted, taking into account the state of markets,
available technologies and natural resources, and the current status of the sector. From this standpoint, public policies are both drivers of and responses to changes in the
livestock sector. At any point in time, policies that are in
existence and enforced are drivers of change, while policies
in preparation are part of the public response to changes.
This chapter considers only the main regulatory and policy
frameworks that influence production costs and thereby
shape different production systems. Other more macroeconomic policies are outside the scope of this chapter.
Incentives for Production
The livestock sector is one of the most heavily subsidized agricultural sectors, which has had major effects
on the environment and on social equity. For example,
in the European Union 70% of farmers’ incomes in the
beef and veal sector and about 40% in the dairy sector
come from subsidies—significantly above the average in
all other sectors except sugar (OECD 2005). In the U.S.
dairy sector, about 40% of income comes from subsidies and protection. Most of these subsidies promote increased production, and only recently have some of the
payments been directed to environmental sustainability.
But in 2004, only 10% of the 40 billion euro support
under the Common Agricultural Policy (CAP) was budgeted for environmental objectives. In the 2007–10 CAP
budget, the share allocated to the environment increased
to one-third (Henke and Storti 2004).
According to the World Trade Organization, feed
subsidies reached 9.3 billion euros in the European
Union in 2001–02 and $6.5 billion in the United States
in 2002 (Berthelot 2005). Earlier preferential tariffs for
cereal substitutes were one of the driving forces in the
large increase in the pig and poultry sector in the Netherlands (de Haan et al., 1997). The current process of
gradual reduction of these subsidies and a shift in Europe to a system of single farm payment, combined with
changes in cereal subsidy policies, is expected to have a
significant impact on land use as cereal prices increase
(Bascou et al., 2006). This, in turn, might reduce the incentives for intensive beef production and create greater

demand elsewhere. In general, removal of production incentives would increase the price of feed and, ultimately,
livestock products. It might also shift the balance away
from feed grain–based nonruminant production to ruminant-based grazing systems. (See Chapter 2.)
Another major area of distorted incentives that affects feed production is the pricing of water and land.
Van Beers and de Moor (2001) estimated that water subsidies in 1994–98 totaled $45 billion per year because
of serious underpricing of this resource, leading to inefficiencies and waste. Subsidies on fuel exacerbate such
waste, as they lead to excessive exhaustion of groundwater. Indiscriminate and subsidized water development by
the public sector in arid rangelands has led to severe land
degradation and poor sustainability of the infrastructure. However, water pricing is a very sensitive policy
issue everywhere, as increases will probably mean that
water would be directed to other uses.
Land pricing also affects land use, although less severely. As discussed, well-disciplined management of
communal land by social cohesive groups has been replaced by a “free for all” on underpriced land. Moreover, as Steinfeld et al. (2006a) point out, current land
pricing does not include the costs of degradation-linked
externalities, such as the loss of biodiversity, carbon dioxide emissions from degrading land, and the contribution to water pollution. Including such costs in the price
of land, according to Steinfeld et al. (2006a), would shift
a large part of the world’s arid and semiarid rangeland
into providers of environmental services rather than
grazing areas for livestock.
Financial incentives (subsidies and penalties) to mitigate negative environmental impacts of livestock are also
an important driver of the future shape of the livestock
industry. While still limited, as described earlier, subsidies on fixed assets such as assistance in the construction of manure storage facilities and on-farm or livestock
retirements are being increasingly used, in particular in
countries that belong to the Organization for Economic
Cooperation and Development (OECD). Environmental
taxes are levied on inputs, such as fertilizer, that are a
potential source of environmental damage, and on phosphorus levels in feed (World Bank 2005).
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Sanitary and Food Safety Regulations
The growing mobility of people and the increasing liberalization of agricultural and food trade increase the risk
of the spread of diseases due to foodborne pathogens.
The significant rise in the length of the food processing
chain over the last few decades increases the risk of chemical residues in food. Because of their perishable nature,
animal products are particularly risky. Food scares such
as “mad cow disease,” E. coli and salmonella outbreaks,
and dioxin contamination in meat, to mention just a few,
have heightened consumer concerns about the safety of
animal products. As a result, consumers are increasingly
willing to pay more for “safer” foods. This increased demand for safe and high-quality food products is manifested by the proliferation of public and private sanitary
and phytosanitary-related product and process requirements. The requirement for systems based on Hazard
Analysis and Critical Control Points is becoming a common feature for public food safety regulations in industrial countries, including for imported food products.
The emergence or reemergence of livestock relateddiseases (zoonoses) such as severe acute respiratory syndrome (SARS), the Nipah virus, BSE, and more recently
the highly pathogenic avian influenza has also increased
consumer concerns. In addition, direct disease threats to
the livestock populations of importers, such as foot-andmouth disease, which have caused several billion dollars
in economic losses (World Bank 2005), have also led to
stricter requirements. As a result, importing countries require that livestock products meet an array of sanitary
standards. Consumers, retailers, governments, and civil
society now all have voices in the design and implementation of standards defining the specification of products
(such as quality, size, residual chemicals, level of microbial contamination) and their production processes (such
as labor standards and environmental impacts).
Meeting these standards requires access to specialized services in the area of animal health and animal husbandry. A major issue here is economies of scale, which
act against smallholder farmers.
Environmental Policies
Stricter environmental policies are also major drivers of
change in livestock production and processing systems.
First, environmental regulations have often focused on
the easily observable effects, such as odor from pig farming, rather than on the more substantial environmental effects. In addition, fewer policy options and hence
regulations exist for nonpoint than for point-source
pollution. The main regulatory measures are as follows
(World Bank 2005):
• Discharge standards are designed to address endof-the pipe emissions of pollutants from intensive
production units and from the processing industry.
To date, discharge standards are the most frequent

instrument, especially in the developing world.
They are often derived from pollution control
measures used in the industrial sector. They are thus
often not adapted to the agricultural sector, and
their enforcement requires substantial monitoring
capacities.
• Land/livestock balances are of special importance
in the case of intensive production systems. This is
the approach underpinning the nitrate directive of
the European Union, addressing both nonpoint and
point source pollution sources. By setting restrictions
on the quantity (and timing) of nitrogen that can be
applied to the land, the directive indirectly forces a
better geographical distribution of production units
and a substitution between organic and chemical
fertilizers. Steinfeld et al. (1997) and Gerber (2006)
propose that the zoning/spatial planning of livestock
production would further allow the designation of
nutrient (nitrate)-sensitive areas, the restriction of
animal numbers in a certain area, and the imposition
of regional balances for nitrogen and phosphorus.
Zoning has been greatly facilitated by advancements
in geographic information systems, which increase
the understanding of spatial and temporal
relationship among landscapes, waste management,
and environmental outcomes.
Little is known about the overall costs and benefits
of these instruments, although there is adequate information on the financial costs and benefits of individual
investments in environmental mitigation of livestock.
However, these cost/benefit estimates generally lack an
adequate estimate of the costs and benefits of managing
the environmental externalities, although there seems to
be some indication that prevention is better than mitigation. For example, figures from the Netherlands show
that over the 1998–2002 period, nutrient loading decreased by about 0.2 kg phosphorus and 0.8 kg nitrogen
per euro spent on a set of preventive measures (such as
the introduction of mineral accounting, correcting land/
livestock balances, and reducing nitrogen and phosphorus content in the feed), while removing those quantities
from surface water would have cost about three times as
much (RIVM 2004).
Institutions
Key institutional issues are the level and sector in which
the regulations are set and implemented. There is a continuous struggle between Ministries of Agriculture, Environment, and Health on which institution should set the
standards. Leaving it to the Ministry of Agriculture ensures that the interests of the production chain are duly
represented, but it runs the risk that the regulations are
overly biased toward farming interests. Moreover, there
is an issue of central versus local monitoring and enforcement of the standards.
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Resulting Structural Changes

pressure has led to an increase in the number of farm
holdings and a subsequent decrease in farm size. In India, the number of farm holdings increased from 70.5
million in 1970–71 to 97.7 million in 1985–86 and then
to 105.3 million in 1990–91, with a major shift to landless and marginal farm holdings (AERC 2005). In some
countries, this has led to an almost complete implosion
of the system. In the district of Gikongoro in Rwanda,
for example, population density increased from 100
to 287 over the 1948–91 period, and as a result farm
size became smaller, the capacity to grow forage was
reduced, and one in every two households had to give
up livestock. Soil fertility and the nutritional quality of
the population’s food intake declined, which in turn contributed to the collapse of Rwanda’s society in the early
1990s (de Haan et al., 1997).

Scale and Size of Production and Processing Units
The drivers described earlier caused farm size to increase in about half of the world, while it shrank in the
other half of the world. Economies of scale in production, particularly in meeting the stricter food safety and
environmental standards, and the low marginal returns
to labor drive the process of increased size and scale in
OECD countries. For example, in the United States the
number of farms declined from a peak of 6.8 million in
1935 to about 2.2 million in 2002, whereas the average
farm size increased from about 80 ha to 220 ha in that
same period (USDA–ERS 2006). Similarly, in the livestock sector—and in particular in the pig and poultry
sector—farm size increased significantly. Between 1989
and 2002, the share of the value of pig meat production
from farms with sales of $500,000 increased from 14%
to 64%, and for poultry meat the share went from 40%
to 68% in the same period (McDonald et al., 2006). The
same trend can be observed in Europe, where the number
of farms declined from 7.9 million in 1989 to 6.7 million
in 2000 (Hill 2006).
Similar trends can be observed in Australia and New
Zealand and in the pig and poultry industry in middleincome countries, such as Thailand and Brazil. In Thailand, for instance, the number of small pig farms fell
from 1.3 million in 1978 to 420,000 in 1998 (World
Bank 2005), which could be interpreted as a significant
restructuring with possible important social implications. On the other hand, in the Philippines, which also
witnessed a strong increase in the industrial sector, the
smallholder system of about 3 million farmers maintains
itself in parallel with the industrial sector (Delgado et al.,
2003b). Differences in alternative employment opportunities between the Thai and Philippine economies might
explain these different trends.
In most developing countries, however, population

Scope and System of Production
Livestock production is determined by the physical (climate, soils, and infrastructure) and the biological environment (plant biomass production and livestock species
composition), by economic and social conditions (prices,
population pressure and markets, human skills, and access to technology and other services), and by policies
(on land tenure, trade, and subsidies). These conditions
together generate so-called production systems—that is,
production units (herds, farms, ranches, but also regions)
with a similar structure and environments—that can be
expected to produce on similar production functions.
Seré and Steinfeld (1996), who established the standard
work on livestock production systems, distinguished at
the highest level two groups of farming systems: those
solely based on animal production, where less than 10%
of the total value comes from nonlivestock farming activities, and those where livestock rearing is associated
with cropping in mixed farming systems, with more than
10% of the total value of production coming from nonlivestock farming activities.

Table 3.4. Global livestock population and production in different systems (average for 2001 to 2003).

Livestock production systems
Type of animal/animal product

Grazing

Rainfed mixed

Irrigated mixed

Industrial

Livestock population (million head)
Cattle and buffaloes
Sheep and goats

406
590

641
632

450
546

29.0
9.0

29.3
4.0
12.5
8.0
319.2
5.6

12.9
4.0
29.1
11.7
203.7
17.1

3.9
0.1
52.8
52.8
0.0
35.7

Animal product (million tonnes)
Total beef
Total mutton
Total pork
Total poultry meat
Total milk
Total eggs

14.6
3.8
0.8
1.2
71.5
0.5

Source: Based on FAO 2006a and on calculations in Groenewold 2005.
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Table 3.5. Livestock population and production in different production systems in developing countries (averages 2001 to
2003).

Livestock production systems
Type of animal/animal product

Grazing

Rainfed mixed

Irrigated mixed

Industrial

Livestock population (million head)
Cattle and buffaloes
Sheep and goats

342
405

444
500

416
474

1
9

Animal product (million tonnes)
Total beef
Total mutton
Total pork
Total poultry meat
Total milk
Total eggs

9.8
2.3
0.6
0.8
43.8
0.4

11.5
2.7
3.2
3.6
69.2
2.4

9.4
3.4
26.6
9.7
130.8
15.6

0.2
0.1
26.6
25.2
0.0
21.6

Source: Based on FAO 2006a and on calculations in Groenewold 2005.

LIVESTOCK PRODUCTION SYSTEMS

Only livestock production (L)

Landless LPS (LL)

Monogastric meat
and eggs (LLM)
Ruminant meat
Beef (LLR)

Grassland-based
LPS (LG)

Temperate zones and
tropical highlands (LGT)
Humid/sub-humid tropics
and sub tropics (LGH)
Arid/semi-arid tropics and
subtropics (LGA)

Mixed farming systems (M)

Rainfed LPS (MR)

Temperate zones and
tropical highlands (LQT)

Irrigated LPS (MT)

Temperate zones and
tropical highlands (MIT)

Humid/sub-humid tropics
& sub tropics (MRH)

Humid/sub-humid tropics
& sub tropics - natural
irrigation (MIH)

Humid/sub-humid tropics
& sub tropics (MRA)

Arid/semi-arid tropics and
subtropics -natural
irrigation (MLA)

Figure 3.6. Classification of world livestock production systems. Operational considerations related to the number of
different systems to be handled throughout the whole Livestock Environment Study led to the decision to limit the
classification to 10 systems by retaining only the first three classification criteria. The complete classification structure is
outlined. In addition, the landless system group was split into landless ruminant and landless monogastric systems.
Source: Seré and Steinfeld 1995.

LGA livestock grassland arid semiarid tropics and
subtropics
LGH livestock grassland humid/subhumid tropics
LGP length of growing period
LGT livestock grassland temperate and tropical highlands
MIA mixed farm irrigated arid semiarid tropics and
subtropics
MIH mixed farm irrigated humid/subhumid tropics

MRA mixed farm rainfed arid semiarid tropics and
subtropics
MRH mixed farm rainfed humid/subhumid tropics
MRT mixed farm rainfed temperate and tropical
highlands
LLM livestock landless monogastric
LLR livestock landless ruminant
LPS livestock production system
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Within systems that are solely based on animal production, a further distinction can be made between landless production systems, which buy at least 90% of their
feed from other enterprises, and grassland-based systems. In the mixed farming systems, the availability of
irrigation is a major determinant, and a first distinction
is made by the absence or presence of irrigation. This
leads to the main production systems presented in Figure 3.6 and to global and developing-country numbers
of animals and production as provided in Tables 3.4 and
3.5. Figure 3.7 in the color well presents the geographical distribution of the main production systems.
In livestock grazing systems, there is a further distinction into three groups (Steinfeld et al., 2006):

and 7% of the global milk supply as their main
outputs.
• Intensive landless systems are found around the
urban conglomerates of East and Southeast Asia and
Latin America or near the main feed-producing or
feed-importing (ports) areas in Europe and North
America, often consisting of a single species (beef
cattle, pigs, or poultry) fed on grain and industrial
by-products brought in from outside the farm. They
produce about 72% of the world’s poultry and 55%
of the pork.

• Extensive grazing systems, which cover most of the
dry areas of the tropics and continental climates
of central Asia, North America, and western and
southern Asia, in areas of low population density.
They are characterized by ruminants (cattle, sheep,
goats, camels) grazing mainly on grasses and other
herbaceous feed, often on communal or open areas,
often in a mobile fashion. The main products of
this system include about 7% of the world’s global
beef production, about 12% of sheep and goat meat
production, and 5% of the global milk supply.
• Intensive grazing systems, which cover most
temperate climate zones of Europe, North and South
America, and increasingly the humid tropics. They
are characterized by cattle (dairy and beef), in areas
of medium to high population density, based on
high-quality grassland and fodder production, mostly
with individual landownership. They contribute
about 17% of the world beef and veal supply, about
the same share of the sheep and goat meat supply,

• Rainfed mixed farming systems occur in temperate
climates of Europe and the Americas and in
subhumid climates of tropical Africa and Latin
America. They are characterized by individual (often
family) ownership, often with more than one species.
Globally about 48% of beef production, 53% of
milk production, and 33% of mutton production
originates from this production system (Steinfeld et
al., 2006a).
• Irrigated mixed farming systems prevail in East and
South Asia, mostly in areas with higher population
density. They are an important contributor to most
animal products, with about one third of the world’s
pork, mutton, and milk production and about one
fifth of the beef production.

Mixed farming systems can be divided into rainfed
and irrigated mixed systems:

Together the two mixed farming systems are without
doubt the most important systems worldwide, as they
produce globally about 90% of the milk supply, about
70% of sheep and goat meat and beef, 43% of pork,
Food safety and quality

S

Fossil fuel prices
Intensification

Imploding systems

Arable systems

Agro-pastoral

Mixed crop/livestock
systems

Intensive grazing

Exits

O
Landless intensive

Extensive grazing
systems

Feed grain demand

Land availability

Copyright © 2010 Island Press. Please do not copy or circulate.

Figure 3.8. Schematic
presentation of
development
pathways of main
livestock production
systems and some
main drivers.
Source: Adapted
from de Haan et al.,
1997.
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25% of poultry meat, and practically all the buffalo meat
in global production (Steinfeld et al., 2006a).
A schematized development path of the main production systems is presented in Figure 3.8, as changes
in demand, consumer preferences, resource endowment,
and technology cause a production system sequence to
develop that moves from extensive crop and livestock
systems through various levels of integration in mixed
farming system to single commodity grazing or, even
more important, to landless pig, poultry, or beef feedlot
systems. The drivers described earlier also cause a differential growth of the different production systems. Data
over the period 1981–91 (de Haan et al., 1997) showed
4.3% per year growth in meat production for the landless systems, compared with 2.2% per year for the mixed
farming systems and 0.7% for the grazing systems. A
more recent study covering the period 1992–2002 (Groenewold 2005) made the following observations:
• Grazing systems have remained rather stable. Over
the decade 1992–2002, the total area under pasture
increased by about 3%, mainly in South America
in the Amazon area, where recent technology
improvements have made the conversion of forest
into pastureland for cattle ranching financially
quite attractive, as noted earlier. This increase was
partially offset by a reduction of the pasture area in
the OECD, where pasture has been converted into
forest areas as a result of subsidy policies and stricter
environmental regulations. There was also a slight
decrease in pasture area in sub-Saharan Africa as
a result of increasing land pressure and conversion
of rangeland into arable farming. For the future,
little increase in productivity can be expected from
the arid and semiarid regions. To the contrary,
Steinfeld et al. (2006a) expect that arid and semiarid
rangelands will be devoted increasingly to the
provision of environmental services, such as carbon
sequestration and biodiversity conservation.
• Arable land area in mixed farming systems has
increased. The increase of 5% is a result of the
conversion of pasture into arable farmland in the
humid lowland and tropical highlands of Asia
and Latin America, counterbalanced by a strong
reduction in the area cultivated in east European and
Central Asian countries following the collapse of the
agricultural economy of planned economies there. Also
notable is the strong increase in livestock populations
and areas of fodder crops in the irrigated areas of Asia
for milk production. The total area under irrigation
increased by 20% in 1992–2002, and a significant part
of that expansion now includes a fodder crop as part
of the rotation, for example, in the winter season in the
Punjab of India and Pakistan (Dost 2002).
• Intensive, landless systems have shown the biggest
increase. As noted, there has been a major shift in the

meat sector toward monogastric (pigs and poultry)
production. Total pork output rose by 24 million
tons (30%) at the world level, and this increase can
be found almost entirely in the increased output
for Asia (20 million tons of additional production).
Most regional groupings show increases in pig
meat production, while for the east European and
Central Asian region there is a drop of about 30%.
The production of total poultry meat grew by about
75%, a much stronger expansion than for pork.
Comparing growth between regions, there has been
an extremely strong expansion in Asia, with about
150% production growth or 9% a year. All regions
except the former Soviet countries show positive
growth of between 2% and 10%. The production of
table eggs grew by about 40% worldwide. Asia more
than doubled its egg production in the period and
produced about 50% of the world total. The landless
system accounts for two-thirds of production and
was growing by about 4% per year from 1992 to
2002 (Steinfeld et al., 2006b). While some of the
booming growth in East Asia might level off, with
the comparative advantage of such systems the
consumer demand will make intensive production
still the most likely major future growth area.

Conclusions
The major structural changes taking place in the livestock
sector involve increases in enterprise size and the scope
of production, accompanied by major shifts in production systems. Food safety and environmental regulations,
which carry important economies of scale, push farm size
up. In addition, the sector will face increasing competition
for key natural resources of land and water for grazing
and feed grain production as well as for fossil fuels, in
particular for nitrogen fertilizer production. Within such
an environment, the key strategies for the sector would
initially be to intensify production and processing to capture economies of scale and reduce resource input levels
per unit of product. A second strategy would be to apply
“polluter pays and provider gets” principles to ensure sustainability, which will require strong control institutions
and innovation in the area of payment for environmental
services. Last, it would be important to avoid concentration by bringing livestock density into balance with the
absorptive capacity of the surrounding land. Other chapters in this volume focus on this last aspect.
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Livestock in Geographical Transition
Pierre Gerber, Tim Robinson, Tom Wassenaar, and Henning Steinfeld

Main Messages
• Livestock is a major user of land resources, predominantly for fodder and concentrate feed production. On a
global scale, however, meat and milk productions are growing faster than the pasture and feed crop areas.
• “Location Matters” when it pertains to environmental,
social, and health issues. The spatial patterns of livestock
production result from geographic gradients in production
and distribution costs. They have implications on management practices and thus on the level of impacts of the
systems (e.g., availability or absence of land in the vicinity
of the animal production unit to recycle manure), as well as
on the resulting implications on natural resources, human
health, or social issues (e.g., presence of human settlements close to a manure discharge point).
• While historically livestock value chains were relatively
simple, the producer is now linked to the consumer via
an increasingly complex network of processors, transporters, marketers, and other agents—often over vast distances.
• Animal food chains become longer, involving more
steps in the production chain and stakeholders who tend to
relocate where operating costs are minimized, regardless of
increased transportation distances.
• Land use changes are characterized by a dichotomous trend: land use intensification and clustering of
operations are mainly associated with pig, poultry, and dairy
production, while expansion (particularly in Latin America)
and marginalization (in sub-Saharan Africa and Asia) are
mainly associated with ruminant meat production.
• Three major factors determine the transition: cheap
transport (although this is changing with increasing energy
prices), differential resource prices, and relocation of the
demand for animal products.
• Livestock is moving from a “default land user” strategy
(i.e., as the unique way to harness biomass from marginal
lands, residues, and interstitial areas) to an “active

land user” strategy—competing with other sectors for
the establishment of feed crops, intensive pasture, and
production units.

Introduction
The first three chapters introduced the main drivers of
change in the livestock sector and described changes
from economic, production system, and institutional
points of view. The livestock sector is growing and undergoing structural changes in order to meet surging
demand from growing urban populations. Chapter 3
showed how the sector is changing in terms of species
and products, level of intensification, size of operations,
and degree of integration. This chapter assesses the geographical dimension of structural change, especially the
changing geography of commodity chains and how these
are being reorganized and relocated. It does not attempt
to provide a comprehensive description of the sector’s
global geography but focuses on the geographical implications of structural change. We refer to this process as
the livestock sector’s “geographical transition.”
A further objective of the chapter is to link earlier descriptions of how the sector is changing with assessments
of the environmental, social, and public health impacts
of such changes, which will be discussed in later chapters. Indeed, as shall be seen, “location matters” when it
comes to environmental, social, and health issues.
Livestock’s Geographical Transition
Relocation, Clustering, and Increasing Reliance on
Transport
Historically, livestock value chains were relatively simple
and short connections between the producer and the consumer. Production systems developed to link demand and
resource availability within limited geographical areas.
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Livestock have indeed traditionally been kept in close
proximity to human settlements or in transhumant production systems. Monogastric species such as pigs and
poultry have tended to be closely associated with human
populations and raised in household backyards. Monogastric species depend on humans for their feed (e.g.,
household waste and crop residues and by-products) and
for protection from predation. Ruminant species such
as cattle, buffaloes, camels, sheep, and goats have traditionally been less closely tied to human settlements. This
is largely because in traditional production systems they
depend on grazing resources.
Currently, however, the producer is usually linked
to the consumer via a much more complex network of
processors, transporters, marketers, and other agents—
often over vast distances.
Relocation of Feed and Animal Production

A first aspect of livestock’s geographical transition, which
is taking place on a global scale, is the emergence of new
export-oriented zones and countries. Steinfeld and Chilonda (2006) have described the recent rise in production
and trade of animal feed and livestock products in some
major developing countries. These generally derive their
competitive advantage either from cheap inputs, mainly
labor and land (e.g., Brazil, China, India, and Argentina),
or from good access to capital and technologies (e.g.,
Thailand and Brazil). Furthermore, they generally enjoy a
favorable investment climate, strong transport infrastructure, and public policies that favor the livestock sector.
On the feed side, an example of rapid change in trade
is the case of soybean. Soybean is widely consumed in
the livestock industry but is supplied by only a few countries. The United States is traditionally the largest exporter of soybeans (29 million tons annually), followed
by Brazil (17 million tons annually). Soybean exports
from Uruguay and Argentina have soared over the past
decades, however, making these countries major world
exporters. This has been possible by taking advantage
of the high availability of land, converting pasture into
crops, and transferring technology from Brazil. Argentina has furthermore developed a strong milling capacity
and now accounts for a large share of the soybean produced regionally.
Relocation of production is less pronounced for
maize. While maize supply in Africa and Central America is predominantly dedicated to human consumption,
a large proportion of the supply in Asia, Europe, and
North America meets the demand for livestock feed.
Overall, about 65% of maize production is dedicated to
animal feeding. North and South America are the most
significant maize-exporting regions. North America (the
United States) has consolidated its number one position
as exporting region, chiefly exporting to Central America (9.2 million tons in 2002). (Figures for 2002 in this
section are averages for 2001 to 2003.) Exports from

South America have, however, increased dramatically in
recent years (mainly from Argentina, Brazil, and Chile),
supplying the Asian and European markets. China is
another recent major maize exporter (ranking fourth in
the world in 2005), mainly supplying Asian countries.
The development of corn-based ethanol production will
probably further change this overall picture in the short
term, as the agroenergy sector diverts part of the maize
supply from animal feeding and drives prices up. This is
already observed in the United States. Midterm effects
are less clear, however, as maize production will increase
to match demand and cellulose-based biofuel processing
technologies become available. (See Chapter 3.)
The global supply of poultry meat is dominated by
three highly export-oriented regions. The two traditional
ones—North America (3.5 million tons in 2007) and
Europe (3.7 million tons)—and more recently, South
America (3.7 million tons). New major exporters include
Brazil, Argentina, Chile, Thailand, and China. Brazil is
responsible for most exports. By combining relatively
low feed grain and labor costs and by benefiting from
ever-increasing economies of scale, Brazil’s production
costs for whole eviscerated chickens are kept lower than
those of any major other supplier. In Asia, Thailand is a
major exporter that has built its comparative advantage
on cheap labor and advanced production and processing
technology. In contrast, relocation of pig production is
marginal, with the global supply being dominated by Europe and North America. Brazil is the recent exporter entering the top 10 ranking of largest exporting countries.
Oceania and South America are taking advantage
of abundant land resources to supply the growing demand for beef and position themselves as world export
leaders. North America is the main market for beef from
Oceania (903,000 tons in 2002), but Asian imports have
increased considerably in recent years. South American
exports are mainly destined for Europe (390,000 tons
in 2002) and Asia (270,000 tons in 2002), and volumes
to both markets have increased greatly over the past
15 years. Europe and North America still make significant contributions to global bovine meat supply, based
on more intensive production systems, especially in the
United States, where large-scale feedlot production is
widely practiced.
Clustering

Clustering occurs when there is a geographic concentration of production units. This gives rise to groups of interconnected producers, feed mills, slaughterhouses, and
processing units, with the potential to generate collective actions in livestock production. The main drivers of
clustering are the economies of agglomeration—the benefits that individual units obtain when they locate close
to one another. Economies of agglomeration are related
to economies of scale and of scope and to network effects (Fujita and Thisse 2004), all of which act to lower
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chicken population, while the same areas were home to
85% of the population in 2001. The concentration of
pig production has also occurred over the same period,
though not to the same extent. In 1992, 45% of the Brazilian pig population was found on 5% of the land area,
but in 2001 this had risen to 56% of the population.
Similar patterns have been observed in Thailand and
France; for example, Figure 4.2 shows the concentration
of pig production in France between 1989 and 2001.
One factor limiting the clustering of livestock production is the control of animal disease: to limit disease introduction, new large farms tend to locate away from other
production units, be they large farms or small-scale units.
This is the case for large pig operations in Southeast Asia,
for instance, which locate in remote areas to prevent disease outbreaks despite increased operating costs.

transaction costs. Basically, the more related units are clustered together, the lower the unit cost of production and
the greater the market that individual units can sell into.
In the livestock sector, lower production costs are
achieved through competition among suppliers of inputs
(e.g., feed mills, veterinary and other services) and specialization and division of labor among producers (e.g.,
breeding operations, fattening operations, and contract
farming). Minimization of transport costs, which are
high for animal products, further drives the clustering
of production units around slaughterhouses and dairy
plants. This is amplified by the economies of scale in the
postharvest sector, leading to large-scale plants that attract important numbers of producers.
The subnational trend toward clustering of landless
production systems is ongoing in industrial as well as developing economies. An analysis of hen populations at the
Municipio level in Brazil, for example, shows an increasing concentration from 1992 to 2001. (See Figure 4.1.)
In 1992, 5% of Brazil’s area hosted 78% of the

Increasing Reliance on Transport

The livestock sector has taken full advantage of recent
developments in transportation, which include improved
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Figure 4.1. Changes in geographical concentration
of poultry in Brazil from 1992 to 2001.
Source: Steinfeld et al., 2006.
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Figure 4.2. Changes in geographical concentration
of pigs in France from 1989 to 2001.
Source: Steinfeld et al., 2006.
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transport logistics, packaging, cold chains, and performance of transport vessels. Large-scale shipment of
primary crop products and the consolidation of longdistance cold chains have played important roles in
changing the shape of the livestock sector: transport of
the sector’s commodities has become technically possible
and economically affordable.
Animal products are increasingly traded on international markets. This trend has been particularly strong
for poultry meat, in which the traded proportion went
from 6.5% in 1982 to 13.1% in 2002. Trade in poultry meat has overtaken trade in beef over the past 15
years, with the volume soaring from about 2 million tons
in 1987 to 9 million tons in 2002, compared with 4.8
million and 7.5 million tons, respectively, for beef. With
the exception of eastern Europe, all regions analyzed
have become increasingly involved in trade in livestock
and livestock products. In 2001–03, more than 12% of
global bovine meat, poultry meat, and milk and more
than 8% of pig meat was traded. These are significant
increases over the amounts traded 20 years earlier. (See
Table 4.1.) In addition to technical advances, the growth
in trade was fostered by trade liberalization and harmonization of standards.
Trade in animal products is, however, less developed
than trade in animal feedstuff in nominal terms—but also
in relative terms for soymeal. About a quarter of global
soybean production is traded as soymeal as a result of the
concentration of production in a few countries. Cereals
are traded in a lesser proportion but over much higher
volumes. The difference between animal and feedstuff
trade is mainly explained by the price difference of transport: the shipment of animal products relies on relatively
expensive cold chains, while feedstuff can be transported
by large bulk carriers (as described in the section on developments in transport). In most cases it is cheaper to
transport feed and convert it into animal proteins close
to the final consumer than to rear animals close to feed
production areas and transport the animal products.
This general picture shown by global statistics is,
however, susceptible to changes as cold chains and processing develop. The Brazilian model, for example, relies on the relocation of animal production close to feed
mills and the export of animal products. Such a strategy also allows shipment of different cuts to the markets
where they are most favored (e.g., chicken breasts go to
the United States, legs to Europe, and wings to Asia) and
thus a maximization of income per animal. Cargill, an
international provider of feed and animal foodstuff, reported that the costs associated with transportation of
both feed and animal products no longer represent a major constraint to the development of global food systems
(Harlan, pers. comm., 2007).
Despite the increasing share of animal products
entering international trade, most of the production is
transported and consumed within national boundaries.

Subnational relocation of animal food chains and the
development of specialized production areas result in
localized supply/demand imbalances that need to be reconciled by transportation. To assess such transportation
needs, supply and demand for selected animal feedstuff
and products were compared globally at a 100 km resolution. Figures 4.3 and 4.4 in the color well display estimated
spatial trends in feed surplus/deficits for pig and poultry,
providing evidence of the sector’s feed base activities
concentration and its dissociation from animal production activities. Subnational imbalances (defined as more
than 100 kg of cereals over/undersupply per square km)
dominate for cereal, whereas countries’ soybean import/
export strategies translate into nationwide imbalances.
Figure 4.5 in the color well shows an estimate of the
consumption/production balance of poultry meat. In
most areas production levels are quite similar to those of
consumption. A balanced situation (defined as ± 100 kg
of meat per square km) is generally found in mixed and
land-based systems. (See Chapter 3.) Areas with large
surpluses are associated with a recent boom of industrial
systems, whereas areas of deficit usually coincide with
high population densities and rapidly expanding urban
areas. The high levels of poultry exports from North and
South America translate here in a dominance of red pixels (large surpluses) in these two regions, especially in
export-oriented production zones.
The same analysis was conducted for pig meat. Figure
4.6 in the color well shows a similar pattern of surpluses
in areas of industrial production. The geographical patterns of consumption/production balance differ, however,
between the two livestock types in the level of entanglement between areas of surplus and deficit. With poultry,
areas of surplus are generally more scattered among areas of deficit; with pig meat there tend to be large, solid
blocks of surplus and deficit.
Figure 4.7 in the color well shows the important
transportation associated with beef chains, at both national and international levels. Most beef is produced
from roughage that, contrary to cereals and soybean, is
expensive to transport. Production thus has to take place
close to grass production, in areas where the opportunity
cost of land is low and far from consumers. The surpluses area (red pixels) that is larger than for the other
two commodities also indicates the relative lower land
use intensity associated with beef production.
Intensification and Abandonment
The livestock sector uses land predominantly for feed
production in the form of either pasture or arable land
planted to feed crops. Previous studies (Steinfeld et al.,
2006) have demonstrated the vastness of the area on
Earth dedicated to the livestock sector. Today the livestock sector uses more than 3.9 billion hectares—about
30% of the world’s entire land surface. The intensity
with which this land is used varies greatly, however. It
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Table 4.1. Global traded volumes versus production volume and global production volume,
selected products

Traded volumes vs. production
(%)
Product
Bovine meat
Pig meat
Poultry meat
Milk equivalent
Soybean
Coarse grain

1981–83
9.4
5.2
6.5
8.9
24.3*
14.1

2005–2007
14.6
10.6
13.1
13.5
27.0
13.1

Production
(million metric tonnes)
2005–2007
62.6
99.6
84.7
664.1
217.7
1028.8

*Soymeal trade over soybean production.
Data based on three-year average.
Source: FAO 2009.

is estimated that 500 million hectares are cultivated for
feed crops (33% of all cropland), 1.4 billion hectares are
high-productivity pastureland, and the remaining 2 billion hectares are extensive pastures with relatively low
productivity.
While livestock production has expanded dramatically over past centuries to occupy such vast areas, recent
trends show a tendency toward land use intensification.
Most of the increase in demand for cereal feed has been
met by intensification of cropland use rather than by an
expansion of production area. The total supply of cereals
increased by 46% from 1980 to 2004, while the area dedicated to cereal production shrank by 5.2%. In contrast,
the growing soybean output has largely been achieved
through the expansion of planted areas (multiplied by 7.5
over the past four decades), although yield increase has
recently played a relatively more important role.
The crop intensification process, mostly driven by
increasing pressure on land resources, has been aided by
several technological gains, including the development
of multiple cropping, the reduction of fallow periods,
and the selection of higher yielding varieties (Pingali and
Heisey 1999).
Where climatic, economic, and institutional conditions are favorable and where land is scarce, pasture
production also becomes intensified. Such conditions are
typically encountered in Europe, North America, Japan,
and South Korea. In Europe, meat and dairy production units rely to a large extent on temporary pastures
(leys) and the cultivation of forage crops for fresh and
conserved feed. Intensification of pasture production on
fertile land and degradation of marginal land are likely
to continue (Asner et al., 2004). Developments in the
subhumid areas of Africa, especially West Africa (Sumberg 2003), suggest a trend toward intensification—with
crop–livestock integration on fertile soils with good accessibility and a progressive marginalization or even

abandonment of the more remote areas. On the animal
production side, improved feed conversion ratios (themselves achieved through improved breeding, feeding, and
animal health), reduced feed waste, and the optimized
use of carcasses have all contributed to increasing the
overall output:feed ratio.
As a result of intensification on both the crop and
the animal side, Figure 4.8a shows that, while the output
per unit of land of meat and milk has strongly increased
globally over the past four decades, there has not been a
concomitant increase in land area dedicated to pasture
and feed production. But there are regional variations of
this global trend. In Europe, for example (Figure 4.8b),
and more generally in countries that belong to the Organization for Economic Cooperation and Development
(OECD), growth in meat and milk production has actually been accompanied by a reduction in pasture and
feed crop areas. Part of this reduction may be explained
by feed imports, in particular from South America, and
indeed Figure 4.8c shows a continued increase in area
under feed crops there. The area increased especially
rapidly in the 1970s and late 1990s when industrial and
developing countries successively engaged in livestock
industrialization and started importing protein feed. A
general pattern of intensification in livestock production
is demonstrated in East and Southeast Asia (See Figure
4.8d). In these regions, livestock production has grown
dramatically since the 1980s; however, areas under
feedcrops and pastures have not increased at all. These
differences in growth rates resulted not only from importation of feed resources but also from a dramatic intensification of the livestock industry, involving a shift to
poultry, breed improvement, animal health protection,
and enhanced animal husbandry.
In regions where land use intensification has been
particularly strong and the demand for agricultural
products relatively stable, the area under agricultural use
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has actually started to shrink. Since 1950, for example,
the extent of grazing land has decreased by 20% in the
United States. The process of turning land that was previously used for agriculture back into forest has been
named the “forest transition,” which describes a historical relationship between economic development and forest cover as it occurred over the past two centuries in
Europe and North America (Walker 1993). Land abandonment has tended to occur particularly in remote areas with poor soil characteristics, while more productive
land with good accessibility has remained in production
and intensified. As abandoned land has reverted to its
natural vegetation cover, this has led to net reforestation
in parts of Europe and North America since the end of
the nineteenth century (Rudel et al., 2002). Forest transition is an ongoing development in Europe and North
Africa, and Rudel et al. (2002) have even found evidence
of similar patterns in some tropical forests. Areas of net
forest gain are observed in the United States, southern
Brazil, Europe, China, and Japan.
The human population is expected to grow by about
50%, reaching 9.2 billion people by 2050 (United Nations 2008). And the demand for animal products is expected to double by 2050 (FAO 2008). On the one hand,
even if these projections may have to be revised downward, animal production can still be expected to grow
and thus further increase land demand by the sector. On
the other hand, continuous intensification—also fostered
by the development of agrofuels, as mentioned earlier—
will reduce the area of land used per unit of output. The
balance of these two trends will ultimately determine the
direction of the total area used for livestock. Based on past
experience, it seems likely that the total land requirements
of the sector will increase for some time and then begin to
decline, with grazing area first starting to shrink, followed
by a reduction of land required for feed crop production.
In the mid- to long term, the cellulose-based energy sector
may even outcompete livestock for access to forage and
thus accelerate the reduction of pastureland.

Figure 4.8. Trends in land use area for livestock production,
compared to local supply of meat and milk (figures
indexed to 100 in 1961).
Source: Steinfeld et al., 2006.

Expansion and Mobility
Expansion of land under arable agriculture is likely to
continue to be a contributing factor in increasing feed
crop production, although less important than intensification. However, the potential to expand cropland in
order to produce more grains and soybean varies widely
around the world—it is quite limited in South and Southeast Asia (Pingali and Heisey 1999), but it exists in most
of other continents, especially in Latin America and Africa. The projected contribution of arable land expansion to crop production from 1997 to 2030 is estimated
to be 33% in Latin America and the Caribbean, 27% in
sub-Saharan Africa, 6% in South Asia, and 5% in East
Asia (FAO 2003).
Exploring options for pasture expansion, Asner et al.
(2004) suggest that the expansion of grazing systems into
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marginal areas is already limited by climatic and edaphic
factors. Any significant increase in grassland could therefore only take place in areas with high agroecological
potential at the expense of cropland (highly improbable)
or through the conversion of forests to pasture, as is currently happening in much of the humid tropics. Pastures
are, however, on the increase in Latin America and in
Africa, where the process of land colonization is still ongoing. The pace of pasture expansion into the forest will
depend predominantly on macro- and microlevel policies in these areas. An opportunity for pasture expansion
also exists in transition countries, where large expanses
of grassland have been abandoned but could be recolonized at relatively limited environmental cost; such areas
may, however, also be targeted by bioenergy companies
for biomass production, and livestock producers could
eventually lose out. In OECD countries, total pasture
area will most likely decline as pastureland is converted
to cropland, urban/industrial areas, and conserved or
recreational areas. In the European Union this trend is
constrained by public policies limiting conversion.
Pastures are also increasingly losing ground to cropping on most fertile soils and in prosperous climates. The
trend is already prevalent in a number of places, in particular in sub-Saharan Africa and Asia, fueled by an increasing demand for grain. Recent trends in grain prices
are likely to accelerate the process. Similarly, urbanized
areas are likely to continue to encroach into pastureland, especially in areas with booming population and
income growth. Encroachment is particularly harmful to
pasture-based systems as it takes away the most productive land. Moreover, in arid and semiarid pastoral areas
encroachment can have an impact that far exceeds that
of the actual area encroached on, since migration routes
are often cut off, isolating pastoralists from dry-season
water and grazing resources (Boutrais 2007). Apart from
the productivity losses this causes, it can also give rise to
land degradation, since animals are increasingly concentrated on limited dry-season resources. Thus relatively
small encroachments can wreak havoc on pastoral ecosystems, which can sometimes lead to violent conflict,
as exemplified in Niger, Tanzania, and other countries
(Mbonile 2005), where the troubles are largely attributed to encroachment of pasture resources for cropping
and conflict over access to water resources.
Climate change is predicted to alter grassland-based
systems and to have a greater impact on natural grasslands than on crops: in the latter, growing conditions can
be manipulated more readily (e.g., through irrigation or
wind protection), while the former are situated in more
marginal areas where current climatic constraints are often already high. In dry areas the outcome is projected
to be dramatic. Results from a case study in Mali (Butt
et al., 2004) indicate that climate change will reduce forage yields by between 16% and 25% by 2030, while the
yield for the most affected crops would decrease by 9%

to 17%. In contrast to these dry areas, it is predicted
that pastures located in cold areas will show increased
yields, benefiting from rising temperatures (FAO and
IIASA 2000).
The trends observed for extensive systems are more
complex than those for intensive production, and so is
the nature of the geographical transition. In a nutshell,
we observe the expansion into productive land with
low opportunity cost in Latin America, the loss of most
fertile pastures and the limitation of mobility in sub-Saharan Africa and Asia, and the recovery of abandoned
grassland in transition economies.

Determinants of the Geographical Transition
The livestock geographical transition has two major aspects: one related to the transformation of animal food
chains, the other to the way the livestock sector uses the
land. Animal food chains become longer, involving more
steps and stakeholders who tend to relocate where operating costs are minimized, regardless of the increased
transportation distance this may imply. Land use changes
are characterized by a dichotomous trend: intensification and a clustering of operations are mainly associated
with pig, poultry, and dairy production, while expansion
(in Latin America) and marginalization (in sub-Saharan Africa) are mainly associated with ruminant meat
production.
Three major factors determine this transition: cheap
transport, differential in resource prices, and relocation
of the demand for animal products. The redistribution
of production chains relates first and foremost to transportation costs and to the price differential between animal products and feedstuff transportation costs. First,
relatively low private costs of transportation (although
this may be changing, as discussed later) allow for a geographical decoupling of the consumer from production
and thus can meet increasing urban demand. Low transport costs also allow for the relocation of each step of
the animal food chain, from feed production to slaughtering and processing, in order to minimize production
costs. With the cost of connecting each segment being
limited, other factors play a greater role in determining the best location for each component of the chain,
including the cost of natural resources, labor, energy,
livestock services, taxes, and compliance with local
regulations. This is especially the case for the feed industry, benefiting from particularly low transport costs.
In other terms, cheap transport and the globalization of
animal food chains mean that agricultural land use opportunities compete increasingly across continents, and
food chains can virtually compete with others across the
globe. Some constraints, however, limit what would be
a purely economically driven distribution of feed and
animal production: social and nontariff barriers to trade,
disease control policies, and quality standards mold the
final pattern of production.
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Figure 4.9. Decrease in the cost of transport and
communication by mode, 1940–1990. Values
expressed as indices.
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Source: Molle 2003, Global Economic Institutions.
London: Routledge, 2003.

Developments in Transport
Long-term trends show significant decreases in freight
costs (see Figure 4.9), which have been achieved largely
through improvements in technology and equipment, better logistics (freight optimization, automation), increased
safety, and the substantial economies of scale associated
with overall increases in the volume of shipped goods.
It is particularly the development of large bulk carriers—merchant ships used to transport unpackaged loads
such as cereals—that has drawn feedstuff transportation
costs down. Bulk carriers began to appear in the midnineteenth century and have steadily grown in sophistication. Today, over 5,500 bulk carriers make up a third of
the world’s merchant fleet. Cereals represent about 10%
of the yearly volume transported by bulk carriers, over
an average distance of 11,000 kilometers. The size of
bulk carriers has also increased substantially, with large
vessels (capacity greater than 60,000 tons) accounting
for 1% of the fleet in the 1970s but 52% in 1996 (Duron
1999). As a result, marine transportation has become the
cheapest modality of transportation over long distances.
(See Figure 4.10.) In the context of poor infrastructures,
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however, transporting the grain from international ports
to the final purchaser substantially increases overall
transportation costs. For example, in 2007, it cost on
average $45 to transport a ton of grain by ship from any
U.S. port to Mombasa, Kenya, but $1,500 to transport
the same weight from Mombasa to Mbara, Uganda.
Transportation along cold chains is even more costly.
Although data on this are relatively scarce, a transcontinental shipment of frozen food seems to cost on average
about four times as much as transporting the same weight
with unrefrigerated bulk carriers. Steep reduction of cold
transportation has been achieved over the past through
technology and logistics development, cheap energy, and
economies of scale: in 2002, an estimated $1,200 billion
worth of food was transported by a fleet of 400,000 refrigerated containers (Rodrigue et al., 2006).
If we assume feed conversion ratios of 2:1 for poultry, 3:1 for pork, and 7:1 for beef (feedlot), it appears
preferable to transport frozen beef than grain, but more
profitable to transport grain than chicken meat. The situation is more balanced for pork. Many other factors
influence the balance, however, such as the synergies

Transport Cost per Unit
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Figure 4.10. Relationships among transport cost,

distance, and modal choice.

Source: Sirikijpanichkul and Ferreira 2006.
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that can be developed locally with other sectors, allowing reductions in transportation costs, or the possibility
of maximizing income from selling animal products by
selectively exporting cuts or dairy products to the countries where prices are highest.
In recent years, however, the long-term trend toward
decreasing transport costs has been reversed. Increasing
fuel prices, labor costs, and the cost of insurance (due
to increasing insecurity) have pulled freight prices up.
The congestion of ports and, in consequence, the longer freight routes have further drawn prices up. For example, the cost of shipping one ton of frozen beef from
Oakland, California, USA, to Osaka, Japan, rose from
$166 in 1997 to $208 in 2003 (USDA–AMS 2006).
Such changes have already contributed to modification
of transportation patterns, with some countries choosing
to import agricultural products from close suppliers in
order to minimize transportation costs.
Resource Price Differential
In general terms, production systems develop in order to
meet the demand for animal products most efficiently,
and production chains become organized and positioned
in order to minimize production and delivery costs. For a
given technological context, production costs vary with
input costs. Feed is the major input to livestock production, followed by labor, energy, water, and services. Input
costs vary substantially from place to place within countries as well as across continents. Access to technology
and know-how is also unevenly distributed, as is the ability to respond to changing environments and to market
shocks. There are also multiple policy, institutional, and
cultural patterns that further affect production costs, access to technologies, and transaction costs. The combination of these factors shapes the economic landscape
within which commodity chains become distributed to
minimize their overall cost, in a context of cheap (although recently increasing) and safe transportation.

for land, as seen, for example, in Europe, the United
States, and Asia.
Water availability is a sine qua non of livestock production, which varies widely with location, though the
price of water rarely reflects the scarcity of the resource
or the pollution issues associated with its use (Steinfeld
et al., 2006). Water availability thus determines the area
suitable for animal production, but it does not substantially alter production costs.
Labor, Energy, and Services

The share of labor in total production costs depends not
only on the level of wages but also on labor productivity, which is to a large extent determined by the production technology used. Figure 4.11 shows how labor costs
can vary strongly between countries; wages in Mexico,
China, and Brazil, for example, are on a different scale
than those in Canada and the United States. Even within
the eurozone wages differ greatly: gross annual average
salaries for agricultural workers in the Netherlands and
France are four times and two times greater than those
in Spain (EUROSTAT database 2003). Despite the fact
that production units compensate for high wages with
automation and improved labor productivity, such large
differences in labor costs remain prominent in overall
production costs structure, as shown in Box 4.1.
In an increasingly open world, access to technology
is heavily dependent on access to capital. The poultry
sector, for example, shows remarkable standardization
of technology worldwide among “high-tech” operations;
access to production technology is mostly dependent on
producers’ ability to afford it. Gerber (2006) documented
2,500
Canada
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Livestock production is based on land for the production
of feed, either in the form of cropland (concentrate feed)
or pasture. Today, the livestock sector is a major land
user globally. Access to land is becoming an acute issue
and an increasing source of competition among the various stakeholders. Access to land has been the motivation
for conflicts and wars throughout history, and in some
areas resource-related conflicts are increasing. Westing
et al. (2001), for example, report disputes over access
to renewable resources, including land, to be one of the
principal pathways by which environmental issues lead
to armed conflicts. This may result from reduced supply (because of depletion or degradation), distribution
inequities (such as encroachment of communal pastureland for crop farming), or a combination of these factors.
Increasing land prices also reflect increasing competition
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Box 4.1. Compared Pig Production Costs
Hoste and Backus (2003) have compared pig production
costs in six major production countries: the Netherlands,
Brazil, Canada, China, Poland, and the United States. The
analysis was based on typical farm types that are not necessarily representative of pig production in the country but yet
are those likely to compete in international markets and have
some influence on national competitiveness. (Data availability
was also a criterion for selecting farm types.) Farm sizes varied between 500 sows (Brazil and the Netherlands) and 800
sows (United States).
The analysis explored how differences in production technology and slaughter weight combine with differences in input costs to give a contrasting pattern of production costs.
For example, in China low wages compensate for a highly
labor intensive production, resulting in a limited contribution
of labor to production costs. In the Netherlands, relatively
high feed costs are compensated for by high feed conversion
ratios.

Box Figure 4.1. Compared pig production costs.
Captial, accommodation, labor, and feed costs
indicated for six major production countries:
Netherlands, Poland, Brazil, China, United States,
and Canada.

the positive impact of access to technology on the financial and environmental performance of pig farmers in
Thailand. Access to capital is clearly unevenly distributed globally, being relatively good in OECD countries
and near the growing urban centers of some developing
countries but still very limited in much of the developing
world.
Intensive livestock operations require access to specialized services, such as in animal health. The costs
of drugs and veterinary services vary greatly but are

estimated at about 1% of overall production costs in
finishing pig operations, for example, and 2% in birthto-finish operations in Thailand (Gerber 2006). Despite
these relatively low costs, access to such services is a prerequisite for intensive operations, which simply cannot
operate where such services are not available.
Effects of Policies

Livestock public policies are forces that can add to the
drivers described earlier to influence changes in the sector with the aim of achieving particular societal objectives. Public policies can be both drivers of and responses
to changes in the livestock sector. The FAO Pro-Poor
Livestock Policy Initiative has developed a framework
by which policies that are relevant to the livestock sector
can be broadly categorized into three groups:
• Policies addressing the vulnerability of small and
poor producers. These include the institutional and
regulatory frameworks regarding the ownership and
access to land, forage/feed, and water resources,
particularly important for mobile forms of livestock
production such as pastoralism and also for
the capacities of livestock producers to respond
appropriately to shocks and emergencies such as
disease, drought, and flooding.
• Policies creating the conditions for livestock sector
development and growth. These are largely involved
in promoting access to input and output markets
and are particularly relevant in rapidly growing
economies. Included in this category are policies
controlling access to secondary inputs, marketing
policies, policies on the control of certifiable
diseases, and policies determining infrastructural
developments. Also important are regulations on
foreign direct investment, labor policies, and in
general all policies that affect the investment climate
of a country.
• Policies sustaining growth in industrializing and
industrialized contexts. At the more sophisticated end
of the spectrum are trade policies (particularly those
that regulate livestock markets), policies on food
safety and quality, environmental policies, and those
related to investment in research. Many of these have
a direct impact on competitiveness and access to
national and international markets. Included in this
category are the incentive frameworks that further
shape countries’ relative competitiveness, such as
decoupled farm subsidies, nontariff trade barriers,
and legislation on intellectual property rights.
The influence of these public policies on the structure
and distribution of value chains may be direct (in which
the underlying legislation may prohibit the development
of some activities in certain areas) or, more often, indirect, by altering the economic landscape in particular
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intake has been stable, and demand has shifted from red
to white meat. In contrast, there has been a slight decline
in consumption in sub-Saharan Africa, reflecting economic stagnation and a decline in available income.
Human consumption of poultry meat, pork, and
beef is displayed in Figure 4.12 in the color well. The
geographical distribution of the demand for animal-derived foods broadly follows that of human population.
(See Figures 4.12 and 4.13 in the color well.) The pattern
of geographical demand varies among species, however;
pork consumption, in particular, is strongly influenced
by religious and cultural factors. Patterns of poultry and
beef consumption maps are similar, except for some areas
such as Argentina and central and eastern Africa, where
beef consumption is relatively high compared with overall consumption. Figure 4.12 illustrates the concentration of consumption in urban centers, where population
growth, increasing purchasing power, and changing consumption patterns coincide to fuel a growing demand.
Rural areas characterized by high consumption levels are
found in China, India, OECD countries, and East Africa,
fostered by population growth and increasing wealth.

ways—for example, by providing tax incentives to develop livestock production in certain areas.
Relocation of Demand
More Consumers, in New Countries

On average, per capita consumption of animal-derived
foods is most dynamic among lower- and middle-income
groups, in areas that are experiencing strong economic
growth. (See Chapter 2.) These populations are mostly
found within the rapidly growing economies of Southeast Asia, coastal provinces of China, parts of India and
Brazil, and the coastal urban areas of West Africa.
Table 4.2 provides an overview of the important
changes that have occurred in the average diets of people
in various world regions. People in industrial countries
derive more than 40% of their dietary protein intake
from food of livestock origin (these figures do not include fish and other seafood), and little change occurred
in this situation between 1980 and 2002.
Changes have been most dramatic in Asia, where the
total protein supply from livestock increased by 140%
over this 22-year period. Because of mere size and strong
income growth, China has been a main driver of change
in Asia. In China, per capita consumption of animal
source foods increased at yearly rates of 5.6%, 8.0%,
and 8.1%, respectively, for meat, milk, and eggs in the
last decade (FAO 2008). Growth in consumption is
poised to continue, although at a slower pace. India also
contributes increasingly to the changes in Asia as it is entering a dietary transition, with higher per capita intake
of animal products, especially poultry.
Latin America, where per capita animal protein intake rose by 31% between 1980 and 2002, is the second biggest contributing region to consumption growth
in the developing world. Per capita consumption also
increased in industrial countries, although at a slower
pace. Here, livestock’s contribution to overall protein

Urbanization

Demand for livestock products increasingly concentrates
in urban centers. Over the past two decades urbanization
has been increasing in all regions of the world, and by
2006 the urban population was estimated to equal that
of rural areas (FAO 2003, 2008). This trend has been
especially strong in East Asia and the Pacific, coupled
with a strong increase in gross domestic product (GDP)
per capita. Urbanization has also been the main driver
of demand in sub-Saharan Africa, although decreasing
GDP per capita has undermined its effect on overall demand growth. The production and sale of food and manufactured goods in the region are increasingly driven by
urban markets. In Latin America and OECD countries,
the economic drive of urban markets is well established,

Table 4.2. Livestock and total dietary protein supply, 1980 and 2002.

Total protein intake
(g/person)

Share of protein intake supplied
by livestock products (%)

Region

1980

2002

1980

2002

Sub-Saharan Africa

53.9

55.1

19.3

16.9

Near East
Latin America

76.3
69.8

80.5
77

23.9
39.4

22.5
44.3

Developing Asia

53.4

68.9

13.1

23.5

Industrial countries

95.8

106.4

53.0

52.7

World

66.9

75.3

29.9

32.3

Source: FAO 2008.
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with 77% of the population living in urban areas. There,
too, urbanization continues, albeit at a slower pace.
The trend toward increasing urbanization is predicted to continue over the coming two decades, especially in regions with low existing levels, bridging the
gap with those already well advanced on that path. (See
Table 4.3.) By 2030 the Middle East and North Africa
will have joined Latin America and OECD counties in
the group of regions with more than 80% of the population living in urban areas. East Asia and the Pacific will
come next, with more than 60% of the population living
in towns and cities. In China, where the total volumes of
meat consumed in urban and rural areas are currently
similar, it is estimated that by 2030 urban demand will
be more than twice that of the rural areas.
With high rates of consumption, rapid growth rates,
and a shift toward animal-derived foods, urban centers
increasingly drive the sector. This will have significant
implications. First, a higher share of the production will
have to be transported to the consumer, and over greater
distances. Second, as urban areas grow so does the food
production area on which they depend, although probably not in a linear relationship, as land use intensification of production also occurs. Demand growth in urban
areas also fosters the internationalization of animal food
chains: Urban centers are well served by transport infrastructure and often located in coastal areas, and they
are thus able to import animal products at relatively low
cost. These centers are often supplied by modern retailers
that are generally connected to international providers.
This results in the increased competitiveness of remote
and local suppliers.

While urbanization will be a major driving force, rural demand for animal products will continue. This is
especially significant in densely populated areas and in
regions characterized by high GDP per capita. In Southeast Asia, especially eastern China, the coincidence of
high rural population densities, relatively high income
per capita, and a taste for animal products results in
substantial rural demand. Similar trends are observed in
South America and central Europe.
The demand for livestock products in rural areas
can potentially be met through local production. This
becomes difficult, however, when land is in short supply
and insufficient for the production of feeds. This is the
case in eastern China, for example, which compensates
for land shortage by importing feedstuff. Importation of
feed is, however, often limited by a poor transportation
infrastructure, as in much of Africa, which increases delivery costs further.

Regional Patterns
Livestock’s geographical transition is part of the structural changes that the sector is undergoing, which are
happening at different speeds and with different features
around the world. This section looks at regional patterns
of the geographical transition and the links between urban markets and local production of livestock.
As transport infrastructure is a core determinant
of the geographical transition, we have estimated human population, livestock populations, and cereal production at different distances, expressed as travel time,
from urban centers (defined in this case as having at
least 250,000 inhabitants). The study was conducted for

Table 4.3. Regional trends in urbanization rate and GDP per capita, 1980–2030.

Present

GDP/
cap. (USD)

Urban
pop.
(%)

2005

Region
East Asia and
Pacific
Latin America
and Caribbean
Middle East and
North Africa
South Asia
Sub-Saharan
Africa
OECD

Past trends

GDP/cap. growth rate
(%)

Future trends

Urbanization*
growth rate (%)

1980–90

1990–2000

1980–90

1990–2000

GDP/
cap.
growth
rate (%)

Urbanization*
growth rate (%)
2000–30

1,355

41

5.8

7.1

2.9

2.5

5.3

1.7

4,044

77

–0.9

1.7

0.9

0.6

2.3

0.4

1,780

57

0.0

1.8

1.0

0.7

2.4

1.6

566
569

28
35

3.4
–1.0

3.2
–0.3

1.1
1.8

0.9
1.6

4.7
1.6

1.4
1.5

29,251

77

2.5

1.8

0.3

0.4

1.3

0.3

*Share of population living in urban areas.
Sources: World Bank 2006, World Development Indicators, for GDP per capita, urbanization, and total population (past and present data);
FAO 2003 for projections; FAO 2008 for data on population projections.
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a set of regions and countries of similar size and representing different stages in urbanization, agriculture,
and transport development. Travel time was estimated
by combining data on transport infrastructure, land use
type, and topography using specialized routines within a
geographic information system (Nelson 2007). The livestock density coverage used for the analysis was based
on linear multivariate models produced at FAO (Wint
and Robinson 2007), which include human population
as one of the predicting variables. This may include an
artifact in the results, and especially in the relation between human population and poultry population. This
problem is, however, limited by the fact that the animal
population regressions were used to redistribute census
data within administrative boundaries that are smaller
than the regions/countries used for the analysis.
Figure 4.14 presents the results of the analysis. At
low levels of urbanization, the market is not dominated
by urban demand, and the distribution curves of poultry,
cattle, and pigs are relatively flat. This is the case, for example, in India (Figure 4.14a). Livestock populations do
not appear to be concentrated in periurban areas except
for a slight increase in poultry densities within two hours
of urban areas, which equates to an average distance of
85 km. Livestock densities even tend to increase in areas
more than seven hours away from urban areas (distance
of 160 km), with some cereal production increase.
Where urbanization and economic growth translate
into “bulk” demand for animal food products, specialized operators emerge in the vicinity of urban centers.
Livestock products are among the most perishable goods,
and their preservation as they pass along the value chain
requires appropriate transportation, high levels of hygiene, chilling, and other forms of conservation. Where
such infrastructure is not in place, livestock-derived
foods have to be produced close to where they are consumed. Figure 4.14b illustrates this pattern for poultry
in sub-Saharan Africa. Relatively poor transport and
marketing infrastructures combined with strong demand
from urban areas result in increasing poultry densities
as the travel time to urban areas decreases. Conversely,
cattle densities do not respond as strongly to travel time
to urban centers in sub-Saharan Africa: densities dip in
the immediate periphery of urban areas, then increase to
a fairly constant level at travel times between 1 and 4.5
hours, after which they gradually tail off. This pattern
may reflect the generally poor connection of extensive
livestock production systems to urban markets, while
the dwindling population close to urban areas is possibly
caused by competition for land and the relatively low
returns to extensive grazing.
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Figure 4.15. Changes in periurban geographical

concentration of poultry in the vicinity of Bangkok in
2000.

Source: Gerber 2005.

chicken density in concentric ring

Where marketing and transport infrastructure are
sufficiently developed, it becomes technically feasible
and economically viable to keep livestock at greater distances from demand centers. Livestock production then
shifts away from urban areas, driven by a series of factors such as lower land and labor prices, better access to
feed, and in some cases by policy measures such as lower
environmental standards or tax incentives in remote areas. This occurs, for example, in China and Brazil (see
Figures 4.14c and 4.14d), where poultry density peaks
in areas about one hour away from the urban centers
(a distance of 50–55 km). Poultry densities in China are
much higher than those calculated for the other regions,
which may explain the limited decrease at the immediate
periphery of the urban areas in China, despite relatively
poor market infrastructure. Similar patterns are seen for
pig production, though peaks occur farther away from
the urban areas. In Brazil, the increases (high peaks) observed for poultry densities just outside the urban areas
may be caused by the large export market. Production
for export requires access to transport infrastructure and
labor, thus drawing it toward the urban centers. Cattle
densities in Brazil display a similar but more pronounced
pattern to that of sub-Saharan Africa: densities are low
in the direct vicinity of urban areas, gradually increase as
travel time increases, and plateau between about three
and five hours from the urban areas before tailing off—a
probable result of the export-oriented nature of the production, requiring access to transport infrastructure.
Illustrating these trends over time, Figure 4.15 shows
how livestock production has relocated away from urban areas in Thailand. Poultry densities in areas less
than 100 km from Bangkok decreased between 1992
and 2000, with the largest decrease (40%) in the areas
close to the city (less than 50 km). Beyond 100 km from
urban areas, densities increased. In this particular case,
the geographical shift was induced by tax incentives and
improvement of transport infrastructure. Increasing land
scarcity in the vicinity of Bangkok has further contributed to this geographical shift.

In OECD countries, where industrialization of livestock production occurred between the 1950s and 1970s,
specialized areas became established in rural areas where
there was a surplus of cereal supply. Here, livestock were
initially produced as a means of diversification and value
addition for existing farmers. In Europe, pig and poultry
production clusters of this type include Brittany, the Po
valley, western Denmark, and the Flanders. The geography of these clusters became further influenced by the
increasing use of cheap, imported feed. Those well connected to ports gained in strength (e.g., Brittany, western
Denmark, and Flanders in Belgium) and new production
areas appeared in the vicinity of major ports (e.g., lower
Saxony in Germany, the Netherlands, and Catalonia in
Spain). The recent increase of feed prices does not seem
to have affected the comparative advantage of these
import-dependent areas, given the globalized nature of
grain and soy prices.
This trend is illustrated by Figure 4.14e for western
Europe and Figure 4.14f for North America. Both figures indicate a spatial correlation between cereal production and livestock production. In particular, poultry
and cereal production follow similar distribution patterns. They grow as travel time to urban areas increases,
reaching a maximum between an hour and an hour and
a half away in western Europe (average of 60–80 km)
and between an hour and a half and four hours in North
America (average of 80–185 km) and then decreasing
further away from urban centers. The greater distance in
North America may be explained by greater availability
of space and considerably lower costs of road transport.
Pig densities follow a similar pattern, although the differences in densities at different travel times are much less.
In western Europe there is a smaller peak in poultry and
pig densities located about five hours away from urban
centers (average of 190 km). These may relate to the formation of remote production clusters in environmentally
less sensitive areas. Cattle densities also reach their highest values where cereal production is highest, although
peaks are less pronounced than those for monogastric
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species. This geographical pattern differs from those observed for India, Brazil, and sub-Saharan Africa and is
probably caused by a greater share of the animal population kept in intensive systems (e.g., feedlots and dairy
farms), relying on grain and imported feedstuff. These
bands of relatively high cattle densities around urban
centers may also be the relics of the historical “dairy
belts” that used to supply city dwellers.

Conclusions
Today the livestock sector is a major user of land resources, and its land requirements are expected to grow,
driven by increasing global demand for livestock products. As this sector develops, not only do land requirements grow, but the intensity of production increases
and the geography of livestock production changes.
Feed crops and cultivated pastures are becoming
intensified in areas with well-developed transport infrastructure, strong institutions, and high agroecological
potential, while extensive pastures are tending to expand
into natural habitats with low opportunity costs. Even as
requirements for livestock feed and pasture continue to
grow, it is likely that the bulk of the growth in land area
turned over to both pasture and feed crops has already
occurred. This occurs through strong intensification of
the livestock sector on a global scale, with a shift from
ruminant species to monogastric species. The recent development of agrofuels could play a critical role in these
developing patterns.
The geographical pattern of production also changes.
Production and consumption can no longer coincide geographically because consumption is located increasingly
in rapidly growing urban centers—far removed from the
primary natural resources required to raise livestock.
Taking advantage of better and cheaper transport facilities, the sector meets demand through increasingly longer and complex food chains. Each specialized segment
of the animal food chain tends to relocate to minimize its
own costs. Production of grazing stock (ruminant livestock) remains linked to the feed resources because of
the high transport cost of roughage. Products, however,
are shipped to consumption centers through longer cold
chains. In contrast, production of monogastric species is
less constrained geographically.
With transport infrastructures developing, the shipment of concentrated feed is becoming increasingly
cheap relative to other production costs. With increasingly high levels of processing, transportation of animal products to points of consumption or export is also
becoming cheaper. Production and processing units are
therefore freer to move where the policy environment
(e.g., environmental standards, tax regime, and labor
standards), access to resources and services, and disease
constraints minimize production costs. In the absence of
a well-developed transportation infrastructure, however,

production units are forced to concentrate close to consumption centers.
In essence, livestock is moving from a “default land
user” strategy (i.e., as the unique way to harness biomass
from marginal lands, residues, and interstitial areas) to
an “active land user” strategy—competing with other
sectors for the establishment of feed crops, intensive pasture, and production units.
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Part II

Consequences of Livestock Production
Environmental, Health, and Social Consequences of Livestock Production
Harold A. Mooney

Part II assesses the many dimensions of the environmental, health, and social consequences of the livestock
industry. It is important that those engaged in this endeavor, which in fact is most of the world’s people, are
aware of these complexities and interactions in order to
make rational decisions in everyday life. All the consequences are considerable, and the scale is both spatial
and temporal—extending from local to global and from
daily to decadal and beyond.
Animal production systems have a major impact on
global biogeochemistry—with important consequences
on many dimensions of the environment, from pollution of waterways and the atmosphere to contributions
to global warming and competition between water for
nature versus animal protein. Chapter 5 looks at the carbon cycle; one of the major factors in carbon dioxide
emissions is the conversion of forestland to pasture and
crops in tropical areas. Desertification induced by livestock is another, but much smaller, contributor to climate
change. Nitrous oxide emissions are mainly linked to the
cultivation of grains for livestock feed and to livestock
waste management practices, while methane production
is inherent to the digestive process of cattle.
Another issue receiving increasing attention is the
adverse environmental impacts of the vast amounts of
fertilizers being used to fuel food production systems.
Chapter 6 takes an integrated view of the pathways of
nitrogen in the environment with a focus on animal production systems—from the positive impact on increased
production to subsequent negative impacts of unintended
losses to the waterways and the atmosphere. Chapter 7
then looks at total water use by animal production systems through a detailed accounting of the impacts of this
activity on both the water use of irrigated crops used
for feed as well as water use resulting from nonirrigated
crop or pasture evapotranspiration in areas also used for
animal feed.
A comprehensive framework is developed in Chapter
8 for analyzing the impacts of both intensive and extensive animal production systems on Earth’s biological diversity, including impacts on all of the major ecosystem
types, from waterbodies to forests and drylands. A more

integrated assessment of the multiple impacts of livestock production on biodiversity, and the consequences
of the losses of ecosystem services that stem from these,
is a vital step for mitigating the impacts.
Chapter 9 (as well as others) deals with pollution
mitigation approaches, principally for intensive production systems. The serious pollution problems associated
with intensive livestock production systems have technological solutions, mostly centered on recycling of energy
and nutrients. Then Chapter 10 focuses on the environmental impacts of extensive systems, describing their
positive and negative impacts. The authors note that the
solutions to these problems are highly geographically explicit and need the involvement of many stakeholders.
Both animal and human disease risks related to animal production systems are shifting, and in many cases
increasing, due to a variety of changing drivers, including industrialization and clustering. As the complexities
of the food chain grow, with the international trade of
meat products, so do the difficulties of tracking sources
of potential contaminants and diseases. And in order to
avoid many of these problems, drugs are used in animal
production systems that may actually exacerbate human
health risks. These animal and human health issues are
discussed in Chapter 11.
Chapter 12 addresses another important dimension
of human health: the human diet involving animal products. Too much animal-based protein is not good for
human diets, while too little is a problem for those on
a protein-starved diet, as happens in many developing
countries.
The transition in the livestock industry is also having
enormous social consequences on a variety of stakeholders, including small producers, communities with large
industrial facilities, and pastoralists. Chapters 13 and
14 focus on how small stakeholders are being disadvantaged generally by economic drivers. Since small animal
production operations represent a way out of poverty in
many parts of the world, policies that alleviate their disadvantages in the marketplace are now receiving increasing attention.
Smallholders without land are pastoralists, for whom
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poverty issues and cultural identity are important. The
livestock transition is playing a role in further marginalizing their way of life. Chapter 15 explores these issues
in depth and points to practices that can help maintain
this unique way of life, including the use of pastoralism
in managing grazing lands and many policies that could
serve as a lifeline to pastoralists.

The livestock industry is so vast and pervasive that
the chapters on social issues could only scratch the surface of this important area of human concern. But they
do assess the complexity and depth of these issues—especially in this time of rapid change in norms of practice
combined with changes in population and climate.
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Livestock and the Global Carbon Cycle
Gregory P. Asner and Steven R. Archer

Main Messages
• The element carbon (C) is the basis for all life on
Earth. Global terrestrial net primary production—the
net amount of C taken up by plants and photosynthetic
microorganisms—is about 57 billion metric tons (petagrams
or Pg) per year.
• Global livestock production directly appropriates
about 2 Pg C, or 3%, of global net primary production
each year, with this carbon mostly allocated from the 24
Pg C fixed in grazing lands and agricultural systems.
• The most profound biospheric impact of livestock
production on the carbon cycle is a growing set
of worldwide ecological degradation syndromes,
including increasing rates of deforestation, woody
vegetation encroachment on grazing lands, and
desertification.
• Livestock production results in a wide range of
collateral carbon flows, including carbon losses to
the atmosphere via tropical deforestation for pasture
and croplands (~1.2 Pg C yr–1), C losses via desertification
(~0.2 Pg C yr–1), C sequestration via woody vegetation
encroachment (~0.3 Pg C yr–1), and C losses via methane
emissions from livestock (~2.1 Pg yr–1 in carbon dioxide
[CO2]-equivalents). These carbon-cycle impacts far exceed
those of intensive livestock production.
• Livestock production causes total emissions of ~3.2
Pg CO2-equivalents yr–1, not including nitrogen-oxide
compounds.
• Carbon losses associated with grazing systems could
be decreased, and sequestration could be enhanced,
through proactive management that maintains vegetation
cover and soil carbon stores and through more explicitly
integrating climatic fluctuations into planning of livestock
production systems, such as where, when, and in what
density to place grazing animals on the land with respect to
drought events.

Introduction
Livestock production, defined here as any operation designed to manage the growth of animals for consumption,
including for meat, milk, and any other major animal
products, is a dominant form of land use throughout the
world. There are more than 1.7 billion animals present
in livestock production systems on Earth (see Chapter
2). Both extensive livestock production systems (rangeor wildland-fed) and intensive ones (fed on crops and
forage or managed pasture) are increasing in geographic
area and output through time (Klein Goldewijk and Battjes 1997; see also Chapter 2). Currently, extensive grazing occupies more than 34 million square kilometers or
27% of the global land surface, making it the single most
extensive form of land use on the planet (Asner et al.,
2004; see also Chapter 3). Given that extensive grazing
systems have increased more than 600% in geographic
extent (from about 5.3 million km2) during the last three
centuries (Klein Goldewijk and Battjes 1997), their contributions to total livestock production and the global
carbon (C) cycle are substantial.
Intensification is defined here as an increase in labor
or capital inputs on cultivated land, or on a combination
of cultivated and grazing land, in order to increase the
value of output per hectare (sensu Tiffen and Mortimore
1994). Intensification is now responsible for the rapid
growth in meat production in many regions of the world
(see Chapter 2). Industrial meat production operations
provided 37% of global meat production in 1991–93,
increasing to 43% by 1996 (Steinfeld et al., 1997), and it
continues to grow today (see Chapter 2). Intensification
requires a subsidy of primary production via agricultural
crops (soya, corn, etc.) and forages (domesticated pastures, alfalfa, etc.), supplemented with inputs from extensive systems (e.g., native grasslands providing hay).
Intensification has historically been most prominent in
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developed countries, which use about two-thirds of the
global crop cereal production destined for livestock feed
(Steinfeld et al., 2006). More recently, intensification has
been ramping up in China, Southeast Asia, and South
America (see Chapter 2). Today, about 4.7 million km2
of arable land are required to generate feed for livestock
(see Chapter 3).
This chapter looks at the major carbon flows associated with both extensive grazing systems and intensive
livestock production. The effects of extensive grazing
systems are geographically widespread (>34 million km2)
and are thus likely the larger contributor to changes in
the global carbon cycle caused by livestock production.
Extensive grazing lands primarily occur in arid, semiarid, subhumid, and humid regions (hereafter “rangelands,” for expediency; Holecheck et al., 2003, Asner et
al., 2004), where soils, climate, and topography are not
conducive to intensive agriculture or commercial forestry. However, there is also a rapid increase in machinery, irrigation, and fertilizer subsidies going to cropland
products destined for supporting livestock systems in
rangelands (see Chapter 2). Whereas outputs of intensive
production have major impacts on C and nutrient flows
in countless localized areas throughout the world (e.g.,
feedlots), the crop and cereal system inputs that support
intensive operations also have broad impacts on the carbon cycle.
Meat, egg, and milk production appropriates about
2 billion metric tons (petagrams or Pg) of carbon from
the 57 Pg fixed by terrestrial plants each year via net
primary production (NPP). Although only 3% of global
NPP is used directly for extensive and intensive livestock production, the processes involved lead to a series
of collateral carbon gains and losses. Collateral carbon
impacts are often reported as ecological degradation
syndromes, mostly in extensive grazing systems, but
also in some cropland systems supplying feed to intensive livestock operations. These syndromes can generally
be grouped into three categories: deforestation, woody
encroachment, and desertification. For example, tropical deforestation for pasturelands and croplands results
in a flux of carbon from the land to the atmosphere of
0.9–1.7 Pg C each year (Achard et al., 2002, Defries et
al., 2002, Canadell et al., 2007). The uncertainty in the
deforestation flux is large, drawn from combinations of
satellite, field, and modeling results having different geographic and temporal resolution.
Grazing, with associated decreases in fire frequency,
can result in woody vegetation (brush) proliferation in
subhumid regions (Archer 1994, Archer et al., 1995, van
Auken 2000), potentially sequestering carbon at a rate of
0.3 Pg yr–1 globally, but at the expense of decreasing forage availability and land area for grazing animals, while
potentially reducing stream flow and groundwater recharge and altering wildlife habitat and biological diversity. This carbon sink estimate is also highly uncertain,

calculated here simply as the product of the estimated
land area undergoing the woody encroachment and the
carbon stock changes reported in the literature (Scifres
1985, Scholes and Archer 1997, Houghton et al., 1999,
Geesing et al., 2000, Bovey 2001, Archer et al., 2001,
Henry et al., 2002, Asner et al., 2003a, Hibbard et al.,
2003, Dale et al., 2005, Hughes et al., 2006, Knapp et
al., 2008). At a local to landscape scale, however, woody
encroachment triggers a series of management responses
aimed at reducing woody plant cover via fire, mechanical, and chemical methods, all significantly affecting the
carbon cycle at the ecosystem level. When desertification
occurs in response to grazing and climate variability, carbon stocks decrease and become fragmented on the landscape as wind and water erosion are accelerated, with
an estimated net loss of 0.1–0.3 Pg C yr–1 (Lal 2004,
Valentin et al., 2005, Okin et al., 2006, Steinfeld et al.,
2006).
All of these reported syndromes are associated with
changes in vegetation cover, which fundamentally affects
the exchange of energy, water, and carbon between our
biosphere and atmosphere (e.g., Eastman et al., 2001).
Methane emissions from livestock average 0.1 Pg C yr–1
(enteric fermentation and manure) but with a disproportionately negative greenhouse impact on our atmosphere
compared with carbon dioxide that results in an effective
2.1 Pg carbon dioxide (CO2)-equivalents released each
year (Steinfeld et al., 2006). The following sections describe in more detail how these degradation syndromes
alter the flux of carbon within the biosphere and between
the biosphere and atmosphere.

Primary Production to Feed Livestock
Contemporary satellite and modeling studies estimate
that global terrestrial NPP is approximately 57 Pg C yr–1
(Field et al., 1998, Imhoff et al., 2004). Of this total,
approximately 4 Pg C are fixed via primary production
each year into crops and 20 Pg C into grazable lands
(savanna, grassland, desert) (Sabine et al., 2004). (See
Figure 5.1.) From these source lands, roughly 2 Pg C of
crop plus herbaceous NPP are destined for livestock production (Imhoff et al., 2004). Accounting for waste, seed
production (for future crops), allocation to roots, and
other ancillary flows, Imhoff et al. (2004) estimates that
only 0.45 Pg C (22.5%) of the crops and cereals grown
for livestock are actually consumed by the animals;
consumption efficiencies of aboveground plant production by rangeland herbivores are on the order of 20%
to 50%. Of the net primary production consumed by
rangeland livestock, the conversion to secondary production is on the order of 2%, depending upon the type of
animal, quality of the forage, and environmental stresses
(Heitschmidt and Stuth 1991). (See Figure 5.1.) Thus, in
terms of amount of carbon fixed from the atmosphere to
the biosphere, livestock production is a highly inefficient
process.
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In extensive grazing systems, secondary production
and the flow of carbon from plants to animals can be
enhanced via mixed herbivore grazing systems; many
pastoral societies have evolved using such systems (see
Chapter 10). In industrial countries, however, extensive
livestock production systems have traditionally focused
on single herbivores to the exclusion of others. That
approach has been steadily exported to less developed
nations, often resulting in socioeconomic problems and
resource degradation (see Chapters 3 and 10).
In areas where long-term records and data exist,
stocking rates have declined markedly since the late
1800s and early 1900s, particularly in arid and semiarid
regions. (See Figure 5.2.) Principles of rangeland livestock
management did not begin to emerge until the 1940s,
and adoption of the basic tenets of managing livestock
grazing in wildlands lagged by decades. Thus declines
in livestock numbers during this period were generally
not the result of better grazing management. Although
definitive studies from the early 1900s are lacking, the
decline in livestock numbers during this period is widely
regarded to reflect reductions in the carrying capacity
known to accompany shifts in vegetation composition
to plants that are less productive, less palatable, and/or
less nutritious and, in many cases, the encroachment of
shrubs that are unpalatable or have high levels of secondary compounds (see review by Curtin et al., 2002).
These grazing-induced changes were often accompanied
by accelerated rates of wind and water erosion (Thurow
1991). The resultant loss of soil fertility and water-holding capacity constitutes a positive feedback that reinforces change in species composition and loss of ground
cover and forage production.
These historic changes affect current plant production potential and soil organic carbon stocks. Widespread recognition of the adverse impacts of unregulated
livestock grazing in the North American West resulted

in the creation of numerous “experimental ranges” in
the early 1900s and spawned the fields of range science and range management, which sought to develop
science-based approaches for managing grazing so as to
minimize degradation and promote sustainable livestock
production (e.g., Stoddart et al., 1955, Fredrickson et
al., 1998, Holecheck et al., 2003). Upon implementation
of such approaches, primary production and soil organic
carbon stocks may rebound. We mention this because
modern assessments of grazing effects on plant production and soil organic carbon pools should be considered
within this historical context. That is to say, substantial
livestock grazing–induced changes in the carbon cycle
may have occurred well before the advent of post-1950s
studies; and comparisons between currently grazed sites
and sites with a “long-term” history of protection from
grazing (e.g., 50–75 years) may not represent the full potential impacts.

Global Carbon Fluxes Associated with
Livestock Production
Intensive Systems
A recent report derived estimates of carbon fluxes associated with intensive livestock production systems (Steinfeld et al., 2006). We summarize the fluxes for CO2 and
methane (CH4) in terms of carbon dioxide equivalents in
Table 5.1. Intensive production systems generate a suite
of carbon fluxes from feed crop production and transport, livestock transport and processing, and cropland
soils. Nitrogen is a critically important element used to
fertilize feed crops (see Chapter 6), and more than 95%
of nitrogen fertilizers are derived from ammonia produced using natural gas. This process results in an estimated 0.04 Pg of CO2 released to the atmosphere (see
Table 5.1). Vehicle use on farms for the transport of feed
and livestock produces 0.09 Pg CO2, whereas off-farm

Figure 5.1. Carbon flows from
our atmosphere to vegetation
in global croplands and major
ecosystems supporting livestock
production. Although most
carbon is ultimately returned
to the atmosphere, the indirect
effects of livestock production—
deforestation, desertification,
and woody vegetation
encroachment—have profound
impacts on biospheric carbon
storage.
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Figure 5.2. Reductions in livestock numbers on
arid and semiarid rangelands [animal unit (au)
years (y) or months (m)]. (A) Cattle, horses,
sheep, and goats on federal lands in western USA
(from Holecheck et al., 2003); (B) general trends
in Australia (adapted from Ash et al., 1997); (C)
cattle on desert grasslands in southern Arizona,
USA (based on data from McClaran et al., 2002
and Santa Rita Experimental Range Archives,
University of Arizona); and (D) sheep numbers at
the Sonora, Texas, USA, Research Station (from
Huston et al., 1994).
Source: Reproduced with permission from
Rangeland Journal 19(2): 123–144 (A. J. Ash, J.
G. McIvor, J. J. Mott, and M. H. Andrew, 1997).
Copyright The Australian Rangeland Society.
Published by CSIRO PUBLISHING, Melbourne,
Australia.

transport emits a relatively small amount (on the order
of 0.001 Pg). Cropland use generates an additional 0.03
Pg CO2, partitioned among till and no-till systems, and
animal processing results in about 0.03 Pg CO2 emitted
to the atmosphere (see Table 5.1). All of these CO2 emissions from intensive systems sum to roughly 0.2 Pg per
year.
Extensive Grazing Systems and Ecological Change
Extensive grazing systems dominate many dryland landscapes of the world (see Chapter 3). The bioclimatically marginal nature of many grazing lands in arid and
semiarid regions plays a key role in two of the regional
ecological syndromes widely reported throughout the literature—desertification and woody plant encroachment.
Concomitantly, the marginal biogeochemical characteristics of humid tropical soils play a role in the consequences of deforestation, the third regional syndrome
inherent to managed grazing systems. (See Figure 5.3.)
Not all extensive grazing operations result in the development of these syndromes, but an increasing number
are being reported over time. Thus we define and discuss
each of them with respect to the carbon cycle.
Problems defining desertification, woody encroachment, and deforestation with respect to livestock production practices are highlighted in Asner et al. (2004).
These three ecological syndromes are often linked to
livestock production systems throughout the world (Figure 5.4).
The United Nations defines desertification as “land
degradation in arid, semi-arid and sub-humid areas resulting from various factors, including climatic variations
and human activities” (UNEP 1994). Land degradation
is further defined as the reduction or loss of the biological or economic productivity of drylands. For our purposes here, we refer to desertification physiognomically,

in terms of its expression on the landscape, as the
large-scale replacement of herbaceous cover by either
xerophytic shrub cover and bare soil or just bare soil.
Desertification has occurred in many arid regions of the
world (e.g., U.S. Southwest, Australia, Africa, Argentina), reportedly as a result of land use, especially grazing, operating against a backdrop of periodically stressful
climatic conditions (e.g., drought) (UNEP 1994).
In contrast, we define woody vegetation encroachment as the widespread proliferation of woody canopies
in grasslands and savannas of semiarid and subhumid regions, where it may be accompanied by slight or substantial losses of herbaceous cover and production. In both
desertification and woody plant encroachment, palatable
herbaceous vegetation is replaced by highly unpalatable
woody vegetation. Woody encroachment has occurred
in conjunction with large-scale grazing and concomitant
reductions in fire (Archer 1994, Archer et al., 1995, van
Auken 2000).
Deforestation is defined operationally here as the
replacement of forest cover with pasture or cropland
systems. Clearing for cropland and pasture has been
historically common in temperate forests and is a more
recent and ongoing phenomena that continues in the
humid tropics in response to ever-increasing population
pressures. Degradation associated with tropical deforestation is largely propelled by the fact that pastures are
created on nutrient-poor soils that cannot sustain longterm grazing operations (Geist and Lambin 2001).
Some changes in ecosystem structure affecting the C
cycle, including vegetation productivity, cover, and the
abundance of species and life-forms, are directly attributable to grazing, whereas other changes are associated
with the preparation of land for grazing. In grasslands,
savannas, and shrublands, the effects of livestock production come primarily from grazing itself, whereas in
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Table 5.1. Major fluxes of carbon associated with intensive and extensive livestock production systems.

Category
CO2 from Production Operations
N fertilizer for feed crops
On-farm fuel for feed transport
On-farm fuel for livestock transport and related
Cultivated soils, w/tillage
Cultivated soils, w/o tillage
Animal processing
Off-farm transport

Extensive systems

Intensive systems

—
—
0.03..
—
—
—
0.001

0.04
0.06
0.03
0.02
0.01
0.03
0.001

		
CO2 from Ecological Syndromes
Desertification
Tropical Deforestation*
Woody vegetation (brush) encroachment*

0.2$..
1.2 (1.7¥)
–0.3......

—
See note§
—

		
CH4 from Livestock
Enteric fermentation*
Manure management

1.5....
0.2....

0.2
0.2

		
Total CO2 emissions
Total CH4 emissions
Total emissions in CO2 equivalents

1.1....
1.7....
3.2£...

0.2
0.4

All values are given in Pg (= 1015 g) of CO2 equivalents (Steinfeld et al., 2006). Categories marked with (*)
were estimated and/or updated by the authors.
$

Average from Lal (2001) and Steinfeld et al. (2006).

Estimates of tropical deforestation rates for pasture range from 1.0 Pg C yr–1 (Houghton et al. 2005) to 1.5
Pg C yr–1 (Canadell et al., 2007), and for total global deforestation for pasture and feed crops may be as
high as 1.7 Pg C yr–1 (Steinfeld et al., 2006).
¥

A portion of deforestation is driven by conversion to croplands that may support intensive livestock
production (e.g., Morton et al. 2005). This fraction is included in our estimate of carbon flux from
deforestation under extensive systems.

§

This estimate excludes CO2 equivalents of nitrous oxide (N2O) emissions, covered by Galloway et al.
(Chapter 6, this volume).

£

Figure 5.3. Three commonly reported regional
ecological syndromes resulting from and/or
affected by livestock production.
Source: Archer et al., 2001.
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Figure 5.4. Global distribution of reported deforestation and woody encroachment associated with livestock production
systems. Highlighted regions do not include nonmanaged grazing reports, such as from woody cover changes thought to be
occurring in arctic regions as a result of climate change.
Source: Asner and Martin 2004.

forests and woodlands, the largest impacts of grazing are
from the conversion of the system to herbaceous cover
before grazing occurs. A cascade of change in associated
ecosystem processes such as wind and water erosion,
water drainage, disturbance types and frequency (e.g.,
fire), species invasion, and the structural and biochemical characteristics of soils accompany these ecosystem
structural changes. All of these effects in some way alter
the carbon cycle.
The effects of livestock grazing on carbon stocks in
grassland, shrublands, and savannas are varied. Milchunas and Lauenroth (1993) analyzed a worldwide, 236site data set compiled from studies that compared species
composition, aboveground net primary production
(ANPP), root biomass, and soil nutrients of grazed versus protected, ungrazed sites. They found the following:
• Differences in ANPP between grazed and ungrazed
sites were greatest in regions where the evolutionary
history of grazing was minimal and least in regions
where plants had evolved with grazing herbivores,
and they were greatest in areas with high ANPP, high
levels of utilization, and long histories of livestock
grazing.
• Differences in ANPP between grazed and ungrazed
treatments were more sensitive to varying ecosystem-

environmental variables than to varying grazing
variables. Within levels not considered to be abusive
“overgrazing,” the geographical location where
grazing occurs appeared to be more important than
how many animals were grazed or how intensively
an area was grazed.
• Counter to the commonly held view that grazing
affects root systems negatively, there was no
relationship between the difference in ANPP with
grazing and the difference in root mass. Root mass,
soil organic matter, and soil nitrogen all displayed
both positive and negative values in response to
grazing.
• Grazing was a factor in the conversion of grasslands
to shrublands.
The inconsistent responses to grazing in plant functional
group composition and C storage highlighted in this
meta-analysis reinforces the notion that climate and climatic variability may drive the C cycle to a greater extent
than grazing, particularly in arid and semiarid areas. As
a result, carbon losses associated with grazing systems
are more likely to be decreased and opportunities for
sequestration more likely to be realized with proactive
management that explicitly integrates climate and climatic fluctuation into livestock stocking rate decisions
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(number and kind of animals, season of use, patterns of
distribution, flexible strategies for de-stocking, etc.) and
grazing management policy (e.g., Gillson and Hoffman
2007).
Desertification Syndrome
Published global figures on the extent of degradation
of Earth’s drylands range from 10% (Adeel and Safriel
2005) to 70% (Dregne and Chou 1994), with other estimates intermediate to these extremes (Oldeman and van
Lynden 1997, Eswaran et al., 2001). Reasons for these
varied estimates are discussed in Lal (2004) and Adeel
and Safriel (2005).
In dryland regions where desertification has taken
place, degradation has led to decreased productivity or
vegetative cover, bringing with it a change in C stocks
and C cycling. (See Figure 5.5 in the color well.) The
primary ecosystem response to desertification is an increasingly heterogeneous distribution of vegetation, and
the same pattern is true for carbon (Schlesinger et al.,
1990). Lost vegetative cover can cause a reduction in
aboveground C stocks and a decline in NPP, but there is
significant variability by vegetation type and across topographic and edaphic gradients (Huenneke et al., 2002).
With increasing fragmentation of vegetation cover, wind
and water erosion increase, which further alters the landscape, making recovery from grazing more difficult.
In some cases, there is no net change in ecosystem C
pools, as losses from herbaceous areas are compensated
for by accumulations accompanying shrub encroachment (Schlesinger and Pilmanis 1998). In other cases,
grazing-induced desertification may result in relatively
little change in shrub cover, while causing declines in soil
organic carbon and nitrogen storage of 25–80% (Asner
et al., 2003b). Wind and water erosion move C and nutrients around the landscape and off-site, perpetuating
a decrease in C storage averaging 30% (see Figure 5.5;
Lal 2001), and, in extreme situations, causing an increasingly dune-like landscape to develop (Gallardo and
Schlesinger 1992).
These patterns of fragmentation and lost productivity have been made clear at the regional scale via the perspective afforded by new aircraft sensors, which show
that the fundamental interactions between the vegetation (phenology, carbon, and water) and climate variability are changed following desertification (Asner and
Heidebrecht 2005).
Woody Encroachment Syndrome
In semiarid and subhumid regions historically supporting
grasslands and savannas, woody plant encroachment has
been widespread over the past hundred years. This proliferation of woody plants generally reduces the quality
of land for animal production because the encroaching
shrubs and arborescents may be of low palatability or
nutritive value; may provide habitat for livestock pests,

parasites, and predators; and may reduce forage production (Scholes and Archer 1997). However, in contrast to
desertification, where ecosystem ANPP may decline or
where production by encroaching xerophytic shrubs may
barely compensate for losses of herbaceous production,
woody plant proliferation in semiarid and subhumid
zones can result in large increases in aboveground NPP
and carbon storage (Archer et al., 2001).
A continental-scale study including eight sites in
North America found shrub encroachment caused a
slight decline in ANPP at arid sites (< 300 mm mean
annual precipitation), but it increased ANPP as a linear
function of mean annual precipitation between 300 and
1065 mm (Knapp et al., 2008). In contrast, grassland
ANPP peaked and became asymptotic at ~600 mm annual rainfall. Thus increases in aboveground NPP of
up to 1400 kg C ha–1 have been observed (Geesing et
al., 2000, Hibbard et al., 2003, Hughes et al., 2006).
(See Figure 5.5.) These enhanced productivities translate into increases in the aboveground carbon pool that
can range from 300 to 44,000 kg C ha–1 in less than 60
years of woody encroachment (Asner et al., 2003a). Although these net accumulations in biomass represent C
sequestration, they may be accompanied by increases in
nonmethane hydrocarbon emissions and soil CO2 fluxes
and (potentially) adverse effects on aquifer recharge and
stream flow (Dale et al., 2005). When the dominant
woody species is a nitrogen-fixer, N accumulation can
be 9–40 kg N ha–1 yr–1 greater in the woody areas than
in the grasslands (Geesing et al., 2000, Hughes et al.,
2006), thus augmenting a key resource that, along with
water, typically co-limits ecosystem productivity. Unfortunately, much of this added productivity is not available
to or useful for livestock production.
A substantial majority of the carbon in grassland and
savanna ecosystems is belowground. However, it is not
clear how grazing, climate, and woody plant encroachment interact to affect gains and losses from these large
pools. Despite consistent increases in aboveground carbon storage with woody vegetation encroachment, the
trends in soil organic carbon (SOC) are highly variable.
Measuring soil carbon to 3 m depth at six sites spanning a mean annual precipitation (MAP) range of 200
to 1,100 mm, Jackson et al. (2002) found a linear, inverse relationship between changes in SOC subsequent
to woody plant encroachment and MAP. They surmised
that a decline in SOC in wetter ecosystems was enough
to offset aboveground gains from woody encroachment,
resulting in no net change in ecosystem carbon storage.
However, a broader survey of the literature suggests
changes in SOC following shrub encroachment may not
be a simple function of annual rainfall, because woody
plant encroachment has resulted in substantial increases
in SOC pools in a variety of high rainfall sites, and increases in some low rainfall areas are substantially less
than expected. (See Figure 5.6.)
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Indeed, a broad survey of the published literature
indicates woody plant encroachment can have positive,
neutral, or negative effects on SOC pools (Asner and
Martin 2004, Wessman et al., 2004). Figure 5.7 shows
that, although both positive and negative carbon storage
responses to woody encroachment have been reported
(black bars), a much larger proportion of reported soil
C responses are positive. Where historical grazing and
woody plant encroachment effects on SOC have been explicitly taken into account, it appears that losses of SOC
associated with grazing of grasslands can be recovered
subsequent to woody plant encroachment; and that SOC
in the resulting savanna-like ecosystem can be substantially greater than that of the original grasslands (Archer
et al., 2001, Hibbard et al., 2003).
Despite the uncertainties in soil carbon responses
to woody encroachment, the net effects at the global
scale may be large. Houghton et al. (1999) reported that
woody encroachment causes ~0.12 Pg C yr–1 to be sequestered in grazing systems of the United States. Given
that roughly one-third of the woody encroachment reports globally have come from the United States (Archer
et al., 2001, Archer 2006), we estimate that 0.3 Pg C (or
more) may be stored each year in grazing systems due
to woody plant proliferation. (See Table 5.1.) However,
these net changes do not account for interannual variation in carbon stocks resulting from brush management

efforts (Scifres 1985, Bovey 2001, Henry et al., 2002).
Therefore, the gross annual flux of woody encroachment
and brush management remains highly uncertain.
Tropical Deforestation Syndrome
Deforestation for pastures occurs across a wide range of
climatic conditions. We focus here on both dry and wet
tropical forest conversion, where further conversion is
most likely with the global expansion of grazing systems
(Asner et al., 2004, Foley et al., 2005). Tropical deforestation has been driven primarily by the need for livestock
pasture (Geist and Lambin 2001). Recently, however,
deforestation for croplands associated with livestock
intensification has become another contributing force
of land-cover change. Morton et al. (2006) estimate
that 17% of the deforestation in the Brazilian Amazon
was driven by cropland expansion between 2001 and
2004, mainly for soya destined for livestock production
systems.
In the conversion of a tropical dry forest to pasture,
50–90% of aboveground C can be lost in combustion associated with repeated burning (Kauffman et al., 1993).
Water erosion and soil loss can be significant for a few
months after a fire (Gimeno-Garcia et al., 2000), and concentrations of dissolved mobile nutrients (e.g., nitrate)
can be substantially elevated in overland flow (Belillus
and Roda 1993). Fire has little direct, immediate effect

Figure 5.6. Changes in soil organic carbon (SOC) following woody vegetation encroachment versus mean annual
precipitation. Open squares and triangles are the results presented by Jackson et al. (2002) for soil samples integrated over
0–300 cm and 0–100 cm, respectively. Changes in SOC occur primarily in the upper 30 cm; thus the depth of soil sampling
has little effect on patterns shown. Closed circles show our newly compiled results from published studies.
Source: Numbers on symbols/legend entries indicate references: (1–3) Schlesinger and Pilmanis 1998; (4–5) Asner et al., 2003b;
(6, 8–12, 17) Geesing et al., 2000; (7) Hughes et al., 2006; (13–15) Boutton et al., 1998; (16) Tilman et al., 2000; (18–19)
Mordelet et al., 1993; (20) San Jose et al., 1998; (21–24) Wheeler et al., 2007
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Figure 5.7. Studies that indicate soil organic carbon
(SOC) responses to grazing and to grazing with
woody encroachment.
Source: Asner and Martin 2004.

on total soil organic carbon (Emmerich 1999). Humid
tropical forests are often found on highly weathered soils
(Ultisols, Oxisols) rich in available nitrogen and poor in
both phosphorus and base cations (e.g., Ca, Mg) (Sanchez 1976). Losses of these nutrients during and after
forest clearing are thus important to future pasture productivity and C storage. (See Figure 5.5.) Studies show
that the initial burning of slashed primary forest results
in combustion of ~50% of biomass, or up to 88 Mg carbon per hectare (Guild et al., 1998) (See Figure 5.5.) A
detailed accounting of changes in soil carbon that considered the effects of soil compaction and management
practices suggested an average loss of 12 tons C ha–1 in
tropical lands maintained as pasture (Fearnside and Barbosa 1998).
Fire is often used as a management tool to remove
woody regrowth and weeds and to renew nutrient
availability in pastures (Kauffman et al., 1998). In the
Brazilian Amazon, repeated burning of cattle pasture
consumes up to 46% of aboveground biomass (slash,
grass, litter), with about 14 Mg C per hectare lost to
the atmosphere (Guild et al., 1998). With repeated fires
over a six-year period, more than 1,900 kg N ha–1 is lost,
which is equivalent to ~90% of the aboveground pool in
mature tropical forest. As a result, repeated burning can
lead to N-limitation of NPP and carbon storage, even in
previously nitrogen-rich tropical systems (Markewitz et
al., 2004).
With decades of livestock production and frequent
burning, soil P and cations (Ca, Mg, K) often decline as
well (Fernandes et al., 1997). The mechanism for these
nutrient losses is uncertain: some could be lost through
combustion, some in erosion of ash, and perhaps some
to deep soils through the leaching of compacted anaerobic soils (Townsend et al., 2002). Nonetheless, plantavailable P declines and forage NPP and C accumulation
in pasture soils often becomes P-limited. As a result, P

fertilization (~50 kg ha–1 every 5–10 years) has become
a common practice in some regions such as the eastern
Brazilian Amazon (Gehring et al., 1999, Davidson et al.,
2004). Overall, pastures accumulate and cycle fewer nutrients than the forest and redistribute cations from trees
to soils. Thus pastures have lost most of the carbon that
was stored in aboveground forest biomass. (See Figure
5.5.)
Methane
Livestock operations affect the atmosphere through the
direct emission of methane gas from ruminants and from
livestock excreta. Ruminant livestock can produce 250–
500 L of CH4 per day (Johnson and Johnson 1995). An
estimate of CH4 from ruminant animals and animal waste
is ~90 Tg CH4, nearly a fifth of the total global emissions
(IPCC 2001). However, CH4 has a global warming potential 23 times that of CO2. Therefore livestock produce
fluxes of nearly 0.4 Pg and 1.7 Pg of “CO2-equivalents”
from intensive and extensive production systems, respectively. (See Table 5.1.) Extensive systems may dominate
CH4 emissions because they contain the majority of large
livestock (e.g., cattle) and because dietary supplements
provided in intensively managed settings can reduce ruminant CH4 production (Duxbury 1994).
In total, global livestock production emits roughly
2.1 Pg CO2-equivalent of methane to our atmosphere
each year, which far exceeds any other single source
of greenhouse gas resulting from livestock production.
By comparison, combined methane emissions from rice
paddies (53 Tg yr–1) and natural wetlands (92 Tg yr–1)
contribute ~3.5 Pg CO2-equivalents (Cao et al., 1998).
Numerous factors influence methane emissions
from cattle, including level of feed intake, type of carbohydrate in the diet, feed processing, and alterations in
ruminant microbiota (Johnson and Johnson 1995). Manipulation of these factors can reduce methane emissions
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(Duxbury 1994), but options for CH4 reductions in peranimal emissions from rangeland livestock are probably
limited. From a mitigation standpoint, it is important
to note that the atmospheric lifetime of CH4 is approximately 9.6 years, whereas that of CO2 is on the order of
one to two centuries (IPCC 2001). Thus reductions in
CH4 concentrations could have a more immediate impact on radiative forcing than would reductions in CO2
concentrations.
Summary
The major carbon fluxes associated with the three ecological degradation syndromes are summarized in Table
5.1. Desertification of arid grasslands is thought to cause
a 0.1–0.3 Pg C loss to the atmosphere annually (Lal
2001, Steinfeld et al., 2006). Woody encroachment into
semiarid and mesic grazing lands may sequester carbon
in vegetation and soils by up to 0.3 Pg C per year. Deforestation for mainly pastureland in the humid tropics
released approximately 1.2 Pg C yr–1. Combined, these
ecological degradation syndromes result in a net annual
loss of about 1.1 Pg C per year, which far exceeds the
nonmethane losses associated with intensive production systems, including feed croplands. Taking into account the net effects of these syndromes and methane
emissions, the greenhouse warming impacts of extensive
grazing systems are enormous—roughly 3.2 Pg CO2equivalents per year. The impacts of extensive grazing
on the atmosphere thus far exceed those of intensive livestock production. These results stand in stark contrast to
those of the global nitrogen cycle, which has been deeply
affected by fertilizer production and intensive grazing
systems (see Chapter 6).

Mitigation and Avoidance of Negative Impacts
Current livestock production practices mediate a range of
carbon fluxes associated with processing, transport, feed
production, methane emissions, deforestation, desertification, and woody encroachment. These impacts could
be mitigated if both extensive and intensive grazing operations were planned with respect to background environmental conditions such as soils, topography, and climate
variability. The single largest carbon loss caused by livestock production—deforestation for pasturelands—can
be reduced if intensification were to take place under the
appropriate environmental conditions (Vlek et al., 2004,
Moutinho and Schwartzman 2005). This might involve
concentrating high-production feed crop systems on fertile soils in regions of moderate rainfall in the tropics
rather than on highly weathered, low-nutrient soils or
in high rainfall areas. In addition, fertilizer subsidies and
fire management techniques could be used to slow anthropogenically mediated soil degradation (infertility)
trends in tropical Oxisols and Ultisols, thereby reducing
demand for new pasture.

Mitigation in grasslands and savannas might center
on relaxing or removing grazing from marginal areas
and instead concentrating it in regions where ecosystem
resilience is greater or where resistance to degradation is
greater. This is being advocated by many environmental groups for the western United States, but it remains
controversial. In some cases, livestock incomes could be
replaced or augmented by income from ecotourism, recreation, hunting, etc. However, there are downsides to
this as well (du Toit et al., 2009). Furthermore, while
this may be a viable option in nations with available capital, it may not be realistic in poorer countries.
Desertification control and restoration of degraded
soils and ecosystems would improve soil quality, increase
the pool of carbon in soil and biomass, and induce formation of secondary carbonates leading to a reduction
of carbon emissions to the atmosphere; in addition, they
may also have numerous ancillary benefits (Lal 2001).
Desertification control and soil restoration require maintaining and promoting vegetative cover, ideally with palatable species. This is difficult to do when rainfall is low
and erratic and if livestock grazing pressure is not relaxed. However, relaxation of grazing represents a significant loss of revenue in commercial livestock enterprises
and may affect human health and well-being in pastoral
societies.
Practices aimed at promoting restoration (e.g., seeding, water harvesting and spreading, irrigation, fertilization) may also have substantial hidden carbon costs. In
the past, and even currently, exotic forage grasses have
been introduced with the intent of establishing ground
cover and improving livestock production. Unfortunately,
many of these plants can create more problems than they
solve, becoming highly invasive and sometimes promoting
increased disturbance via fire and erosion (Mack et al.,
2000, Williams and Baruch 2000, D’Antonio et al., 2004,
Franklin et al., 2006). Given the high cost and low probability of success of dryland restoration efforts, and since
rates of carbon sequestration in drylands are inherently
low, it is likely far more cost-effective to conserve existing
carbon pools than to recover them after they are lost.
Regions prone to desertification are characterized by
a high degree of interannual rainfall variability. Many of
the problems in arid/semiarid regions stem from the fact
that livestock management systems are not agile enough
to respond to fluctuations in precipitation (Behnke et
al., 1993, Ellis and Galvin 1994, Gillson and Hoffman
2007). As a result, stocking rates are kept high for too
long into drought periods, and this tends to lead to degradation (Archer and Stokes 2000). Policies or coordination of regional management that would promote
stocking agility and “transhumance” (e.g., moving animals to areas where there has been rain rather than confining them to certain properties or areas regardless of
environmental conditions) might result in lower rates of
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land degradation (carbon loss) caused by grazing during
drought periods. Examples of community-based adaptive management illustrate the potential of coalitions
of ranchers, agencies, scientists, and environmentalists
to conserve ecosystem structure and function and, in so
doing, protect a matrix of communal and publicly and
privately owned lands (e.g., Curtin et al., 2002). This approach to conservation is modeled after UNESCOs biosphere reserves program, wherein diverse assemblages of
landscapes and cultures are protected within a matrix
of different landownerships rather than a single government-regulated entity.
In drylands, sustaining ecosystem processes in the
face of climatic variability requires a sound foundation
of monitoring and research as well as a good working
relationship between people and organizations with diverse goals and interests. This collaboration between
ranching, research, and conservation communities demonstrates that these groups, working together for mutual
benefit, can reach scientific and conservation goals unobtainable by any one group on its own (Curtin 2002,
Herrick et al., 2006).
Regions prone to woody plant encroachment present
a novel series of dilemmas and challenges to mitigation.
The proliferation of woody plants in ecosystems grazed
by livestock typically invokes land management actions
to minimize the cover using chemical (herbicides), mechanical, or prescribed burning brush management techniques. In the 1950s–1970s, the goal of widespread,
indiscriminate woody plant eradication was to increase
forage production for livestock or to enhance aquifer recharge and stream flow. However, the rising cost of fossil fuels, coupled with short-lived treatment effects, has
made large-scale mechanical and chemical treatments
of woody plants economically tenuous or unrealistic. In
addition, the recognition that herbicides can have deleterious environmental effects and that woody plants
provide important habitat for wildlife has led to more
progressive and selective approaches (e.g., Scifres et al.,
1988). Numerous studies have challenged the traditional
perspectives on the effects of woody plants on the hydrological cycle in drylands, but this topic remains highly
controversial (Belsky 1996, Wilcox et al., 2005).
The recent realization that woody plant proliferation
may substantially promote ecosystem carbon stocks in
the geographically extensive drylands may trigger new
land-use drivers as industries seek opportunities to acquire and accumulate carbon credits to offset their CO2
emissions. Woody plant proliferation in grasslands and
savannas may therefore shift from being an economic liability in the context of extensive livestock production
systems to a source of income in a carbon sequestration
context. If so, perverse incentives may result, as land
management may shift to promoting rather than deterring woody plant encroachment. Thus potential benefits

associated with carbon sequestration should be carefully
weighed against costs in the form of increases in nitrogen and nonmethane hydrocarbon emissions (Guenther et al., 1999, Martin and Asner 2005); reductions
in livestock production, stream flow, and groundwater
recharge (e.g., Jackson et al., 2005, Wilcox et al., 2005);
the extirpation of plants and animals characteristic of
grasslands and savannas (loss of biological diversity);
and, indeed, the local or regional extinction of grassland
and savanna ecosystems (Archer et al., 2004). Quantification of these trade-offs is a challenge currently facing
the scientific community and will be necessary in order
to appropriately evaluate the impacts of various management and policy scenarios.
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The Impact of Animal Production Systems on the
Nitrogen Cycle
James Galloway, Frank Dentener, Marshall Burke, Egon Dumont, A. F. Bouwman,
Richard A. Kohn, Harold A. Mooney, Sybil Seitzinger, and Carolien Kroeze

Main Messages
• Nitrogen (N) is in short supply. All organisms require
nitrogen for life, but natural sources do not provide enough
nitrogen to grow the plants and animals needed to sustain
the world’s population.
• Human-created usable nitrogen can be used to grow
plants and animals. The development of the Haber-Bosch
process in the early nineteenth century was fundamental to
society’s ability to grow food. Without this additional source
of nitrogen, 48% of the world’s population could not be fed
today.
• Most of the nitrogen added to fields or fed to an
animal is lost to the environment. Plants and animals
are inefficient in their uptake and incorporation of applied
nitrogen. As a result, a large proportion of the nitrogen used
to grow plants and animals is released to the environment.
• Released nitrogen has a cascading series of negative
effects on ecosystems and humans. One atom of
nitrogen released to the environment will contribute to most
environmental problems of today and can remain active in
the environment for years to decades.
• Industrial animal production systems (IAPSs) are
among the largest contributors of nitrogen to the
environment. A large proportion of the nitrous oxide (N2O)
and ammonia (NH3) emitted to the atmosphere are from
IAPS. N2O contributes to global warming and stratospheric
ozone depletion. NH3 enters the nitrogen cascade and
can contribute photochemical smog, acid deposition,
ecosystems fertilization, and coastal eutrophication.
NOx is also lost from IAP systems, and can contribute
to tropospheric ozone increases. In addition, much of
the nitrogen lost to coastal ecosystems is from IAPS.
The nitrogen first contributes to eutrophication and then,
if converted to N2O, contributes to global warming and
stratospheric ozone depletion.

• There are regions (hot spots) where nitrogen losses
to the environment from IAP systems dominate the
nitrogen cycle. Atmospheric and riverine losses to the
environment from IAP systems are especially pronounced
in very large regions of Asia, western Europe, and smaller
parts of North America, Latin America, and Africa.
• IAP systems result in large-scale transport of
nitrogen exchange among continents due to
international trade in fertilizer, feed, and meat. With
the significant growth of the international transport of
nitrogen-containing commodities, nitrogen from one region
can be transported thousands of kilometers, used as fertilizer
or feed or for another purpose, and then be lost to the
environment, contributing to the global impact of nitrogen.

Introduction
We are surrounded by nitrogen, which is fortunate as we
and all organisms require it for life. Unfortunately, most
of the nitrogen is in the molecule N2, which cannot be
directly used by 99% of the world’s species. Living organisms can only use this unreactive nitrogen if the triple
bond holding the two nitrogen atoms together is broken.
Once that happens, the nitrogen atoms become “reactive.” This reactive nitrogen (Nr) is defined as all biologically active, chemically reactive, and radiatively active
nitrogen compounds in the atmosphere and biosphere
of Earth. Thus Nr includes inorganic reduced forms of
nitrogen (e.g., NH3 and NH4+), inorganic oxidized forms
(e.g., NOx, HNO3, N2O, and NO3–), and organic compounds (e.g., urea, amines, and proteins).
There are two natural processes, biological nitrogen
fixation (BNF) and lightning, that have the energy resources needed to create reactive nitrogen; on a global
basis, the former process is much more important than
the latter. But these natural processes do not produce
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enough Nr to supply the N needed to feed the world’s
peoples. Initial solutions to this problem were either to
plant crops (e.g., legumes) that promoted BNF or to mine
existing sources of Nr (nitrate deposits or guano) and
ship them to food-producing regions. These solutions
worked until the end of the nineteenth century when,
once again, there was not enough Nr to produce food
for the world’s peoples (Smil 2001). Near the beginning
of the twentieth century, an industrial process was developed to convert N2 to NH3. Now, at the beginning of the
twenty-first century, the Haber-Bosch process—the nitrogen fixation reaction of N2 with H2, over a substrate,
to produce ammonia—supplies the majority of the Nr
used in food production.
The good news is that the Haber-Bosch process can
be an almost unlimited source of nitrogen not only to
sustain current food production (though there are large
regions that do not get enough nitrogen), but also to sustain future increases in food production driven by growth
in both population and per capita food consumption.
The only limitations on nitrogen produced by the HaberBosch process are a source of energy to drive the process
and a feedstock to generate the H2. Currently, most facilities use natural gas for both.
The unfortunate reality, however, is that all of the
nitrogen used in support of the production of food is ultimately released to the environment. Some is lost immediately after fertilizer application, some is lost during
crop and animal production and harvest, and some is
lost during the food preparation process. And, of course,
all the Nr that is ingested by humans is released to the
environment by excretion or death. This would not be a
problem if there were not serious impacts of the released
nitrogen on both ecosystem and human health.
In summary, while energy production and industrial
Nr uses account for some of the Nr released to the environment, food production in general accounts for the
bulk of the remainder, with animal production accounting for the most.
As discussed in other chapters of this volume, meat
production has increased by a factor of ~25 during the
last 200 years (see also Steinfeld et al., 2006, Steinfeld
and Wassenaar 2007). Currently about 243 million metric tons of meat is produced globally per year. Assuming
that protein is 16% of the meat, and that N is 16% of
the protein, this equates to ~6 Tg N embedded in the
meat—all of which is eventually lost to the environment.
In addition, as shown later in this chapter, for every Tg
N in meat, substantially more N is released to the environment during the meat production process.
This chapter has the following objectives:
• Determine the N cycle of animal production systems
in the context of the N cycle for food production and
the N global cycle (1860 and current)

• Assess the degree that IAP systems contribute to the
distribution of Nr via commerce and the loss of Nr
to rivers and the atmosphere
• Review the consequences of the disruption at local,
regional, and global scales
• Propose an overall management strategy to diminish
the losses of Nr to the environment from IAP
systems.
In keeping with the structure of this volume, our definition of IAP systems includes both intensive and mixed
livestock production systems and does not include extensive systems that use predominantly noncommercial
inputs. An important characteristic of the IAP systems is
that meat production is increasingly spatially decoupled
from feed production, and thus the large amounts of manure generated cannot be used to grow feed (NRC 2000,
Steinfeld et al., 2006).
This chapter focuses on nitrogen in the context of
IAP systems. There are, of course, many other nutrients
involved in the production of meat. Notable among these
is phosphorus (P), both from the magnitude of its use as
a fertilizer and from the fact that it is often a limiting nutrient in natural ecosystems. In light of this importance,
Box 6.1 provides a brief overview of P. Clearly a much
more thorough analysis would be appropriate, not only
for its own sake but also due to linkages with both the N
and carbon (C) cycles.

Setting the Scene
Global N Cycle, Past and Present
Based on a recent estimate of N cycles in 1860 and the
early 1990s, Figures 6.1 and 6.2 illustrate the impacts
that human Nr creation has had on the global cycles of
nitrogen. In 1860, the most important impacts of human
action were from cultivation-induced biological nitrogen
fixation (creating new Nr) and from biomass burning
and animal husbandry (mobilizing existing Nr). Rates
from all three of these activities were small relative to
natural biological nitrogen fixation. The one exception is
that even in 1860 food production in general resulted in
NH3 emissions to the atmosphere (primarily from animal
waste) that were about the same magnitude as natural
emissions from soils.
By the early 1990s, the creation of Nr by human activities and the subsequent movement of Nr through environmental systems on a global basis were either larger
than natural processes or of the same magnitude. Arguably, even with the associated uncertainties (e.g., BNF)
(Cleveland et al., 1999), human actions have altered nitrogen’s cycle the most of any major elemental cycle.
There are several important points to be noted from
the comparison of the 1860 N budget to that of the early
1990s:
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Box 6.1. Phosphorus Utilization for Animal Production in
Global Trade

localities around the world where it is consumed brings special
environmental problems. The phosphorus not taken up by crops
or deposited through manure accumulates in the soil, and often
in not readily available forms. The accumulation rate globally has
been estimated at 8 Tg per year, principally to agricultural soils,
which includes the amounts from weathering and natural erosion
(Bennett et al., 2001). This then poses a very large “time bomb”
of potential release to the ecosystems most sensitive to phosphorus additions—freshwater systems, where it can stimulate
algal blooms. Whereas nitrogen moves quickly from the soil to
the atmosphere and to water bodies, the low solubility of phosphorus compounds and their adsorption to soil particles means
that movement across the agricultural landscape to water bodies
is slow. Most of the movement is by particulate phosphorus, not
by dissolved phosphorus, and hence is by erosion and thus is
most prevalent in cultivated soils.

The total global trade in phosphorus is very large, amounting to
10 Tg, which is a large fraction of the 16.4 Tg consumed globally in fertilizer (IFA undated, FAO 2006). Based on data from the
Food and Agriculture Organization and the International Fertilizer Industry Association, 48% of the fertilizer shipped is used
to grow animal feed (3.8 Tg), with the other 52% going to food
or other uses. Of the phosphorus shipped in crops, 57% is used
as feed (1.2 Pg). This gives a total of 5.1 Tg of the 10 Tg traded
phosphorus being used for animal production. In addition, since
the phosphorus in grains is not all directly available to pigs and
chickens, more readily available phosphorus is added to their rations, increasing the amount of phosphorus total used by livestock (5% of phosphorus mined) (IFA undated).
The global spread of phosphorus from where it is mined (at
present, principally the United States, Africa, and China) to the

Source: FAO 2006, IFA undated.
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by the dotted box). N-BNF is biological nitrogen fixation within natural ecosystems; C-BNF is biological nitrogen fixation
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• Human activities create more Nr than do natural
terrestrial activities. Anthropogenic Nr creation
increased from ~15 to ~160 Tg N yr–1, primarily
due to increases in food and energy production;
natural Nr creation by terrestrial BNF decreased
from ~120 to ~107 Tg N yr–1, primarily due to land
use changes.
• As more Nr is created, a larger proportion is emitted
to the atmosphere. In 1860, 34 Tg N yr–1were
emitted (24% of the total Nr created). By the early
1990s, 104 Tg N yr–1were emitted (~40% of total
Nr created).
• As Nr creation increased from 1860 to the early
1990s, both atmospheric emissions and riverine
concentrations increased, but the atmospheric
emissions became increasingly more important. In
1860, the amount of Nr transferred from land to
the coast was equal to the amount of Nr transferred
from the land to the atmosphere (~28 Tg N yr–1).
By the early 1990s, however, twice as much Nr was
emitted to the atmosphere (~100 Tg N yr–1) than was
transferred to coastal waters (48 Tg N yr–1).
• As discussed in more detail later, commodity
transport of Nr (i.e., fertilizer, grain, and meat) is
important. In the early 1990s, the most important
interregional transport process of Nr was export of
N-containing commodities, primarily N fertilizer;

between 1860 and the early 1990s, the increase in
export of N-containing commodities was about the
same as the increase in discharge of riverine N to
coastal systems (i.e., ~30 Tg N yr–1).
• Nr is accumulating in environmental systems.
It is estimated that of the ~160 Tg N yr–1 of
anthropogenic Nr created in the early 1990s, about
100 Tg N yr–1 was denitrified, primarily in soil/
water systems; most of the remainder, ~60 Tg N yr–1,
accumulated in terrestrial systems. While there is
great uncertainty in this value, it is unlikely that the
accumulation rate is zero.
Thus between 1860 and the early 1990s, on a global
basis, human Nr creation surpassed natural terrestrial
BNF, the atmosphere and commodity transport became
increasingly important as distribution vectors for Nr, and
there was significant accumulation of anthropogenic Nr
in the environment. And the trend continues: from the
early 1990s to 2005, the amount of Nr created by human
activities increased from ~160 Tg N yr–1 to ~190 Tg N
yr–1 (Galloway et al., 2008).
N Flows into and Losses from Agroecosystems
Of special relevance here is that animal production used
much of the reactive N created to sustain food production.
In 2004, 243 million metric tons of meat were produced:
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Globally, croplands receive 170 Tg N yr–1. Of this
amount, 49 Tg N yr–1 are converted to food for people
(one third) and animals (two thirds), while the rest is lost
to the environment or recycled back into the system. Of
the 33 Tg N yr–1 that is fed to animals, only 5 Tg N yr–1
enters a human mouth; the rest is lost to the environment or recycled back. Another way of saying this is that
of the 170 Tg N yr–1 that enters cropland, ~70% is lost
to the environment, ~20% is fed to animals, and ~10%
is fed to humans. Of the 20% fed to animals, 17% is lost
to the environment and 3% is fed directly to humans
as an animal product—overall, most of the nitrogen applied to croplands is used to sustain animals; however, a
much greater proportion of that N is lost to the environment without entering a human mouth.
The possible fates of the 70% lost to the environment
(~120 Tg N yr–1) are emission to the atmosphere (NH3,
N2O), losses to waters (e.g., nitrate), storage in biomass
or soils (e.g., organic N), or conversion to N2 via denitrification. The allocation to one fate or another depends
on a multitude of factors, often determined by the type of
animal production system and the characteristics of the
region. While the losses can be determined for any specific
system, a major unknown in the ultimate fate of the lost
nitrogen is whether it is stored as reactive nitrogen or converted back to N2, thus removing it from the system.
Figure 6.3 is meant to depict the overall N flow in
the global agroecosystem. There will be substantial regional variability in most of the terms. One example of

170 million metric tons from nonruminants (poultry and
pigs) and 73 million metric tons from ruminants (beef,
sheep, and goats). Over 60% of the nonruminants were
produced by industrial operations (pork >50%; poultry
>70%), while less than 5% of the ruminant production
was from industrialized facilities (Table 6.1), suggesting
that N wastes associated with raising nonruminant production are typically much more concentrated geographically than those associated with ruminants.
Furthermore, Table 6.1 shows that nonruminants
account for roughly 80% of concentrate feed inputs to
animal agriculture globally, the production of which is
typically associated with large losses of N to agroecosystems. Cattle, on the other hand, are typically grazed on
unfertilized pasture or fed with forages or by-products
that require little N-fertilizer input to produce. Thus,
despite the relative overall inefficiency with which ruminants convert feed to meat and the larger total feed use
by the ruminant sector, the geographical concentration
and dependence on concentrate feeds for nonruminant
production suggest that this type of production has the
more important impacts on the global nitrogen cycle. It
is important to note that this chapter focuses on animal
production systems and does not consider milk and egg
production systems. These systems are also important
players in the human impact on the N cycle.
The actual use of nitrogen for animal production in
general in the context of total food production is illustrated in Figure 6.3 in the color well.

Table 6.1. Global meat production and estimated feed use, 2002 (million metric tons, meat and crop).

Ruminants

Production (carcass weight)
Production, industrialized (%)
Estimated concentrate feed inputs
Cereals
Oilseed meals
Roots and tubers
Subtotal

Estimated nonconcentrate feed inputs
Forage (arable)
Forage (nonarable)
By-products
Crop residues
Subtotal
Total feed inputs

Nonruminants

Beef

Sheep and goat

Pork

Poultry

61

12

95

75

7

1

57

72

87
36
—
123

7
2
—
9

221
91
85
397

121
50
14
185

Ruminants

Nonruminants

90
813
75
350
1328
1460

—
—
75
—
75
657

Total
243
0.45

436
179
99
714

Total
90
813
150
350
1403
2117
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such a regional analysis is that of pork production in the
United States, as discussed in the next section.
N Flows and Losses during Meat Production in
Industrial Animal Production Systems
Between the application of fertilizer to a cropland used
to grow feed and the consumption of an animal product,
there are numerous steps where N can be lost from the
production system and released to the environment. To
illustrate these losses, we use the example of pork production in the United States and follow nitrogen from
its application to a field to its uptake by a feed crop, its
harvest, its uptake by an animal, and the conversion of
the animal to a carcass and a product, and ultimately to
a consumed pork product.
The flows of reactive N for a typical industrial swine
operation are shown in Figure 6.4 in the color well. For
every 100 mass units of N fixed by the Haber-Bosch
process and legume crop fixation, humans will consume
only 17%. The remaining 83% is lost to air or water
resources or denitrified back to N2 at various stages of
production. Nitrogen for swine production derives from
the application of fertilizer for cereal grain (e.g., corn) or
nitrogen fixation from soybeans. These crops take up N
already in the soil as well as use N from fertilizer or fixation. When crops are harvested, the roots remain to decompose and supply N for subsequent crops, and often
crop vegetative mass (stover) is returned to the field. In
a given year, a typical crop may acquire less than half its
N from fertilizer or fixation, with the remainder coming
from the soil and biological processes from earlier years.
However, the apparent crop N uptake may be 80–90%
and represents the N in the crop as a percentage of what
was applied (or assumed fixed) that year. It is the net uptake, year over year, considering the temporary losses to
soil that are recovered in subsequent years.
Only 35% of the N fed to hogs is captured in animal
growth, with the remaining 65% excreted to manure.
Manure is generally applied to crops but used at reduced
efficiency compared with chemical fertilizer. Organic N
in manure is mobilized for crop growth over time, but the
timing is difficult to predict, adding to uncertainty that
is met with additional N application. Harvested animals
provide meat for human consumption and by-products
that are used for pet foods or other animal feeds. For
purposes of these calculations, these were assumed to be
recycled for swine production.
The flows of N for industrial swine production are
similar to what would be expected for poultry meat
production (CAST 1999). In contrast, dairy and beef
cattle consume larger quantities of by-products and
whole-plant material (forages) that cannot be consumed
directly by humans. Thus the efficiency of feed N utilization is lower but the conversion of N in crop to feed is
higher, and more N is recycled from other food production systems (CAST 1999). With the increasing use of

corn ethanol production for energy, the by-product of
fermentation containing much of the N is distillers grain,
which is used by cattle.
In contrast, plant-derived foods consumed directly
by humans vary greatly in the amount of N lost to the
environment in their production. Humans consume cereal and legume grains that can be produced with little
N loss to the environment, but some industrial vegetable
and fruit production uses high levels of fertilizer application relative to the N in harvested and consumed food.
For example, a typical recommendation for N fertilization of corn grain is 170 kg/ha (Maryland Cooperative
Extension 2000), while typical yields would be 85 kg
N per ha (Maryland Department of Agriculture 1998).
Thus the apparent conversion of N to grain would be
about 50% (85/170) of applied N. Typical fertilizer application for lettuce would be 80 kg/ha (Maryland Cooperative Extension 2000) with typical yields of 15 kg
N per ha (Maryland Department of Agriculture 1998).
The apparent conversion of applied N to food would be
19% (15/80).
These show greater efficiency of N capture by animal
production than reported previously (Smil 1999, 2001).
In the earlier analysis, the effect of N recycling within the
system was not considered, and older data were used to
estimate the efficiency of feed N utilization by animals.
N Losses to the Environment
Nitrogen is lost to the environment via emissions to the
atmosphere, discharge to surface and groundwaters, and
retention in soils. On a global basis, in the early 1990s,
of the 268 Tg N yr–1 of reactive N that was created on
continents (~60% from human activities), 115 Tg N yr–1
was emitted to the atmosphere as N2 and removed from
active interaction with people and ecosystems. Of the remaining 153 Tg N yr–1, 48 Tg N yr–1 were discharged to
coastal ecosystems via rivers, and ~40 Tg N yr–1, 48 Tg
N yr–1, and 12 Tg N yr–1 were emitted to the atmosphere
as NOx, NH3, and N2O, respectively.
A number of processes contributed to these losses
of reactive N to the environment—natural and anthropogenic (energy production, crop production, and animal production, including IAPSs). The remainder of this
section presents spatially defined maps of N losses to
coastal systems and of NO, NH3, and N2O emissions to
the atmosphere due to all processes and due to IAPSs
alone. With this format, we can then discuss the role of
IAPSs in altering the nitrogen cycle.
As will be seen, there is substantial regional variability in the losses of N to the environment, with hot spots
occurring in regions with dense population of animals
commonly associated with IAPSs. There are thus local impacts in these hot spots, as well as impacts thousands of
kilometers downwind and downstream of the hot spots.
The losses of nitrogen to the environment are not
evenly distributed over the continents. There are hot
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spots due to both energy and food production. For
IAPSs, the hot spots can be inputs to coastal ecosystems
downstream of regions of intense feed production or animal production or they can be N deposition to terrestrial
and aquatic ecosystems downwind of regions with large
ammonia emissions. There are also hot spots of N2O
emission, but due to the long-lived nature of N2O, the
emissions are well distributed through the atmosphere.
Unless otherwise noted, the uncertainties in the
fluxes are noted in the supporting references.
NH3 Losses to the Atmosphere and Subsequent
Deposition
In 1860, the three largest sources of NH3 to the global atmosphere were soils, oceans, and domestic animals, all at
~6 Tg N yr–1 (Galloway et al., 2004). By 2000, while the
first two remained the same, emissions from domestic animals had increased to 33.3 Tg N yr–1, with emissions from
IAPS being by far the largest component at 29.6 Tg N yr–1.
Figure 6.5a in the color well shows the global 1o × 1o
distribution of total annual NH3 emissions, consisting of
emissions from intensive and extensive agriculture; natural emissions from land and oceans; emissions related to
the burning of agricultural waste, biofuel, savannas, and
forests; and emissions related to domestic and industrial
processes. While there are hot spots of NH3 emissions in
most regions, they are especially prevalent in South and
East Asia, where emissions > 5 g N m–2 yr–1 are common
(in contrast to background emission rates on the order of
0.1 g N m–2 yr–1).
To illustrate the influence of IAPS on global and regional NH3 emissions, we distinguish between volatilization from grazing animals, animal houses and manure
storage systems, and manure spreading in cropland and
grassland. The volumes of manure in each system are
taken from Bouwman et al., 2006a. Emission factors for
grazing animals and animal houses and manure storage
systems are from Bouwman et al., 1997. Volatilization
from spreading of animal manure and fertilizer is calculated with the empirical model presented by Bouwman
et al., 2002a, based on crop type, manure or fertilizer
application mode, soil cation exchange capacity, soil pH,
and climate. Fertilizer type is used as a model factor for
calculating NH3 volatilization from fertilizers. All manure applied to cropland is presumed to be incorporated,
while manure is applied to grassland by broadcasting.
The results are that total NH3 emissions from ~4,900
Mha of agricultural land are 33.3 Tg N per year with a
contribution of 29.6 Tg NH3-N per year from the 2,000
Mha covered by IAPSs and only 3.6 Tg NH3-N per year
for pastoral systems. (See Figure 6.5b in the color well.)
Note that the emissions from IAPSs and pastoral systems both include emissions from fertilizer use, manure
spreading, grazing, and animal houses and manure storage. However, in pastoral systems emissions from grazing animals are dominant.

While hot spots of total NH3 emission from IAPSs
are found mostly in Asia, on a relative basis there are
large regions of the world where NH3 emissions from
IAPSs are >80–90% of total NH3 emissions. In most of
central North America, southern Latin America, western
and central Europe, southern Asia, and southern Australia, emissions from IAPSs account for >80% of the total
NH3 emissions to the atmosphere. (See Figure 6.5c in the
color well.)
Once emitted to the atmosphere, NH3 can react with
acidic aerosol to form ammonium. Ammonium aerosol
can travel hundreds of kilometers from its point of emission. Thus an assessment of the impact of IAPS NH3
emissions on ecosystems has to be expressed in terms of
where it is deposited, how much N is deposited, and what
fraction came from IAPSs. Figure 6.6a in the color well
gives the deposition of global total N (NOy and NHx)
deposition calculated using the TM5 model (Krol et al.,
2005) on a global 3o × 2o resolution using meteorology
for the year 2000. Given that background N deposition
to terrestrial systems is on the order of 100 g N m–2 yr–1
(Galloway et al., 2004), it is interesting to note that very
large regions of most continents receive at least 10 times
that amount. (See Figure 6.6a.)
The portion of total N deposition that is directly attributable to IAPS sources is illustrated in Figure 6.6b
in the color well. Not surprisingly, N deposition in East
and South Asia (especially), western Europe, and the
middle of the United States is heavily influenced, if not
controlled, by IAPSs. Relative to other sources of NHx
in deposition, there are large regions of all continents
except Africa and Antarctica where IAPSs account for
>70% of the total N deposition. (See Figure 6.6c in the
color well.) In other words, ammonia emissions from
IAPSs contribute >70% of total NHx deposition in large
regions of the United States, Europe, and Asia. Relative
to total (NOy and NHx) deposition, NHx deposition
attributable to IAPSs is still >70% for regions of South
Asia and South America (Figure 6.6d in the color well).
N2O Losses to the Atmosphere
Calculations for N2O emission from soils under natural
vegetation are based on the model developed by Bouwman et al. (1993). The calculations are based on a regression model for the natural N2O soil emissions, and
fluxes vary with climate, net primary production, and
soil conditions. This regression model is modified from
Kreileman and Bouwman (1994) on the basis of a more
extensive set of measurement data covering a wider range
of ecosystems.
Land cover data are from the IMAGE 2.4 model
(Bouwman et al., 2006b). Data on N fertilizer and animal manure inputs (Bouwman et al., 2005) are used to
calculate emissions from agricultural fields of N2O and
for each 0.5 o × 0.5 o grid cell. For direct N2O emissions
from fertilizer and animal manure application, we use
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residual maximum likelihood (REML) models. REML is
a statistical approach that is particularly appropriate for
analyzing unbalanced data sets with missing data. The
REML model for N2O is based on 846 series of measurements in agricultural fields (Bouwman et al., 2002b).
The calculations differ slightly from the original results
because here we used updates for the spatial datasets for
soil organic carbon content, soil drainage, and soil pH
(Batjes 2002).
The model is based on environmental factors (climate, soil organic C content, soil texture, drainage, and
soil pH), management-related factors (N application
rate per fertilizer type, type of crop, with major differences between grass, legumes, and other annual crops),
and factors related to the measurements (length of measurement period and frequency of measurements). The
factors used for calculating NO emissions include the N
application rate per fertilizer type, soil organic C content,
and soil drainage. The advantage of these N2O and NO
models is that they compute total emissions instead of
the methods for calculating the anthropogenic fertilizerinduced emissions of N2O (as proposed by IPCC 1997).
In addition, since they are based on a larger data set,
the uncertainty is much smaller than in estimates for the
fertilizer-induced emission of IPCC (1997).
N2O emissions from animal manure housing and
storage systems and from nitrogen excreted during grazing are based on the corresponding emission factors
from IPCC (1997) and estimates of animal storage as
presented by Bouwman et al. (2006a).
The global emissions from soils under natural vegetation for the year 2000 amount to 4.6 Tg N2O-N per
year, while total emissions from ~4,900 Mha of agricultural land are 6.0 Tg N2O-N per year, with a contribution
of 4.1 Tg N2O-N per year from the 2,000 Mha covered by
IAPSs. The emissions from the IAPSs include 2.9 Tg N2ON per year from fertilized cropland, 0.2 Tg N2O-N per
year from fertilized grassland, 0.5 Tg N2O-N per year
from housing and storage systems, and 0.5 Tg N2O-N
per year from grazing. (See Figure 6.7 in the color well.)
This reflects the intensive use of nitrogen fertilizers and
the cycling of nitrogen in the intensive livestock production system.
The spatial patterns of the emissions in the IAPSs
clearly reflect the regions with high fertilizer consumption levels, such as western Europe, China, India, and
North America. High emission rates are also seen in
parts of Argentina and Brazil, where large-scale cultivation of soybean occurs.
The contribution of pastoral systems to agriculture of
1.9 Tg N2O-N per year is also considerable, reflecting the
vast area covered by pastoral grazing (~2,800 Mha) and
the important contribution of the so-called background
emissions. On the basis of the revised IPCC methodology,
indirect N2O emissions from the global agricultural system amount to only about 0.1 Tg N2O-N per year.

Riverine Fluxes of Dissolved Inorganic Nitrogen
The amount of nitrogen exported by rivers to coastal waters is to a large extent determined by human activities
on the land. We used the NEWS-DIN (nutrient export
from watersheds; dissolved inorganic nitrogen) model
developed by Dumont et al. (2005) to calculate export of
DIN by rivers that is attributed to inputs from manure.
NEWS-DIN is a spatially explicit model for predicting
DIN export by rivers to coastal waters as a function of
watershed characteristics (e.g., population density and
agricultural activities) and river characteristics (e.g., runoff, human water extraction, and location of dams). The
model uses the 0.5 o × 0.5 o STN30 global river network
database by Vörösmarty et al. (2000a, 2000b) as a basis
for the calculations. NEWS-DIN can be used not only to
quantify DIN export rates by rivers but also to estimate
the contributions of different land-based sources of N to
total DIN export rates.
The NEWS-DIN model only includes dissolved inorganic N, not dissolved organic N (DON) or particulate
N (PN), for which models exist as well (Beusen et al.,
2005, Harrison et al., 2005). Global estimates indicate
that DIN accounts for about one-third of the total N
export to coastal seas, while DON and PN account for
two thirds (Seitzinger et al., 2005). Even though DON
and PN are not directly biologically available, they may
be mineralized over time; therefore we may be underestimating the impact of animal production on coastal
ecosystems if we focus only on DIN. This underestimation is, however, probably small. NEWS model results
indicate that, globally, only 11% of global DON inputs
to coastal waters can be attributed to anthropogenic diffuse sources, including animal production (Seitzinger et
al., 2005). For PN it is as yet not possible to estimate the
impact of agriculture on river export. It can be argued,
however, that most anthropogenic PN fluxes are not associated with industrialized animal production systems.
We believe that using one of the available global TN
models (Bouwman et al., 2005, Boyer et al., 2006) for
our study would not have resulted in better estimates of
the impact of animal production systems on Nr inputs to
coastal waters.
A number of sources contribute to riverine DIN export: agricultural N inputs (mainly synthetic fertilizer
and manure), atmospheric N deposition, biological N2
fixation, and sewage effluents. NEWS-DIN results indicate that global DIN export by rivers amounts to 24.8
Tg N y–1. (See Figure 6.8a in the color well.) Animal manure contributes 4.5 Tg N y–1 (almost 20% of total DIN
export) to this total. This estimate includes all manure
excretion in animal houses as well as during grazing.
Industrialized animal production contributes 3.0 Tg N
y–1 (about 12% of total DIN export) (see Figure 6.8b
in the color well), with the largest fluxes attributable to
IAPSs in Asia. Manure produced in animal houses is often collected and used as fertilizer in arable fields or on
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meadows. In the soils, crops take up part of the manure
N. The remainder is lost, in part through leaching and
runoff. During N transport from soils via groundwater
or surface water to coastal seas, a considerable part is
denitrified or accumulates in sediments. The NEWS-DIN
estimates take this denitrification into account.
The share of manure N in DIN export differs regionally. (See Figure 6.8c in the color well.) It is interesting
to note that hot spots can be found on most continents.
Relatively large contributions of manure to total DIN export rates are calculated for areas in western and central
Europe, South and East Asia, the East and Gulf Coasts of
the United States, and parts of Latin and South America.
In addition, parts of Eastern Australia and New Zealand
show up as hot spots.

International Trade of N-Commodities (Fertilizer,
Grain, and Meat)
Figure 6.9 in the color well shows N contained in continental trade of meat, feed, and fertilizer associated with
industrialized animal production. It was created by aggregating reported bilateral (i.e., country-to-country)
trade data for fertilizer, feed, and meat to the continent
level, using data from the FAO (2006). Data are from the
year 2004. For fertilizer trade, reported data record total
shipments of fertilizer (not N) and do not distinguish end
use (e.g., agriculture versus other industrial uses). To determine the amount of shipped N in fertilizer going into
industrialized animal production, we multiply reported
fertilizer trade by the percent N in each type of fertilizer
(derived from EFMA 2006), by the estimated percent going to agriculture, and finally by the percent of agricultural production being used as feed (assumed to be the
same ratio as feed use relative to total crop production,
derived from FAO 2006).
Meat shipments include live and processed meat products from all ruminants and monogastrics, dairy, and egg
products. We assume that all traded meat derives from
industrialized production. Feed shipments include all cereals, oilseeds, roots and tubers, and forage, corrected for
the percentage of crop used as feed in the importing country (based on data derived from FAO 2006). (Feed data
for many legumes and oilseeds are opaque in FAO data,
due to intermediate and unrecorded processing stages. We
assume 80% of soybeans, 50% of rapeseed and related
meals, and 50% of potato are used as animal feed.) N
contents for meat and feed commodities are taken from
Grote et al. (2005) and NRC (1994).
Half of fertilizer N traded is used to produce feed to
sustain IAPSs, with major flows going to North America
from Latin America and the Middle East and with intraregional flows within North America, Europe, and
Asia. (See Figure 6.9a in the color well.) For feed, 72%
of the grain N that is traded internationally is used to
produce animals in IAPSs (Figure 6.9b in the color well),
and a surprisingly large amount of the meat produced

(10%) in IAPSs is traded internationally (Figure 6.9c in
the color well).
The total volume of N contained in traded fertilizer used
to produce animal feed is roughly 1.7 times the amount of
N contained in traded industrial animal feed and almost
20 times the amount contained in traded meat. This relative scaling makes sense for a number of reasons. The
Haber-Bosch process used to create most N-rich fertilizer
depends on having a ready source of hydrogen (usually derived from natural gas), which many countries wishing to
grow crops do not have locally in abundance. Large exporters of N fertilizer are thus typically rich in natural gas,
such as Russia (to the European Union) and Trinidad
and Tobago (to the United States). Furthermore, most
fertilizer is much easier to store and ship than meat, requiring no refrigeration (with the exception of ammonia,
which is shipped under pressure as a liquid).
The historical absence of cold-storage technology
has also encouraged trade in feed rather than meat, although technological advances over the last few decades
have helped to expand meat trade at roughly twice the
speed of feed trade. International trade in animal products has also been hobbled historically by relatively high
tariff barriers (particularly for sectors such as dairy) and
nontariff barriers (e.g., sanitation standards). These barriers have proved slow to come down (OECD 2002).
The relative size of N-related feed trade relative to meat
has also been fueled in recent years by explosive growth
in the international trade of soy. Brazil, in particular,
has become a major exporter of soybeans and soymeal
in recent years, now rivaling the traditional U.S. dominance in that category. Due to the importance of soy in
many industrialized animal diets and to the N-richness
of soy, trade in feed accounts for roughly 70% of total
crop-related N trade. And summing across all categories,
industrialized meat-related products as a whole (feed +
meat + fertilizer for feed) account for 23.6 Tg of trade
in N, or an amazing 58% of the total agriculture-related
international trade in N.
Shipments of N-rich agricultural goods could in
some cases add to nutrient depletion or enrichment issues in exporting or importing countries (e.g., Grote et
al., 2005). For fertilizer trade, it is unlikely that export
of fertilizer will deplete local N sources, since the lion’s
share of exported N is fixed from abundant available
atmospheric nitrogen. Export of feed could also deplete
soil N in exporting countries if replacement rates from
applied fertilizer do not match what is being extracted
and shipped in the feed. However, most soils in large
feed-producing areas are considered to be in steady state
with respect to N levels, given typically high rates of fertilizer application (e.g., Cassman et al., 2002).
Issues differ for importers of N-rich agricultural
goods. Since global trade in nitrogen fertilizer is just
under half of total global production, fertilizer trade is
clearly crucial for sustaining food production systems
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around the world. However, abundant fertilizer import
and application to crops leads to serious N runoff problems in many parts of the world, given the relative inefficiency with which most major feed crops use applied
N (e.g., Cassman et al., 2002). Import of feed into industrial livestock production systems can also indirectly
add to local problems of N surplus, given the relative
inefficiency with which various livestock convert protein
and the associated point source N losses from confined
feeding operations. Import of meat for consumption is
of the least concern from an environmental perspective,
since N wasted during human consumption is typically
captured by urban water purification systems and does
not enter the environment in a damaging way.

Consequences of N from Meat Production
There are positive and negative consequences of the human alteration of the nitrogen cycle. On the positive side,
at the end of the twentieth century there was a growing
realization that supplies of naturally occurring nitrogencontaining materials were not sufficient to sustain a
growing population and that new nitrogen sources were
needed. The Haber-Bosch process provided this new nitrogen to such a degree that 48% of the world’s population is fed today because of it (Smil 2001, Erisman et al.,
2008).
There are two major classes of negative aspects. The
first is that there are still several regions of the world
(e.g., sub-Saharan Africa) that are not benefiting from
the Haber-Bosch process and do not have enough Nr
to sustain food demands. The second is that for those
regions that do use commercial N for food production,
most of the N is lost to the environment without being
incorporated into food, and the N that is incorporated is
also lost to the environment.
For the same reasons that N is necessary to produce
food (i.e., required for protein synthesis), N is also an
important component of ecosystems and is often limiting
in their productivity. Given the “leakage” of Nr from the
food production process, this often results in unwanted
productivity in terrestrial and aquatic ecosystems, especially marine ones.
In addition to the impacts of too much N on ecosystems, there are a number of other negative consequences
of excess Nr in environmental reservoirs, including acid
deposition, tropospheric ozone, stratospheric ozone, and
the greenhouse effect. The combination of the multitude
of effects, coupled with the dynamic nature of the nitrogen biogeochemical cycle, has led to the concept of
the “nitrogen cascade” (Galloway et al., 2003), which,
simply stated, is that once a molecule of Nr is created by
energy or food production, it will move through the environment contributing to numerous effects, in sequence.
The nature of the effect, and its magnitude, depends on
the sensitivity of the environmental system to increases
in Nr concentrations and the residence time of the Nr.

As the cascade progresses, the origin of Nr becomes unimportant. The only way to eliminate Nr accumulation
and stop the cascade is to convert Nr back to nonreactive N2.
More specifically, and as presented in Galloway et al.
(2003) but updated here, these releases have the following negative consequences:
• Increases in Nr lead to production of tropospheric
ozone and aerosols that induce serious respiratory
illness, cancer, and cardiac disease in humans (Pope
et al., 1995, Wolfe and Patz 2002, Townsend et al.,
2003).
• Forest and grassland productivity increase and
then decrease wherever atmospheric Nr deposition
increases significantly and critical thresholds are
exceeded; Nr additions probably also decrease
biodiversity in many natural habitats (Aber et al.,
1995).
• Reactive N is responsible, together with sulfur (S),
for acidification and loss of biodiversity in lakes and
streams in many regions of the world (Vitousek et
al., 1997).
• Reactive N is responsible for eutrophication,
hypoxia, loss of biodiversity, and habitat degradation
in coastal ecosystems. It is now considered the
biggest pollution problem in coastal waters
(Howarth et al., 2000, NRC 2000).
• Reactive N contributes to global climate change
and stratospheric ozone depletion, both of which
have impacts on human and ecosystem health (e.g.,
Cowling et al., 1998).
At the simplest level, the contributions of industrial animal production to these effects can be attributed to the
proportion of the Nr that is mobilized for animal production. In that regard, Steinfeld et al. (2006) estimate
that ~25% of the N fertilizer produced is used to grow
feed, oilcakes (mostly soy), and products other than
oilcakes (mostly bran) to sustain animal production,
mostly industrial. By extension, on a global basis, it can
be said that industrial animal production accounts for
about 25% of the negative consequences of Nr lost to
the environment.
However, that analysis is too simplistic for two reasons—there is tremendous regional variability in both the
intensity and the absolute amounts of IAPSs, so impacts
have to be examined on a regional basis with a special
focus on the hot spots (Figures 6.5–6.9 in the color well),
and Nr losses from IAPSs do not contribute equally to
all environmental and human health issues.
The developing world currently accounts for just
over half of the world’s poultry, pig, and cattle production, a share expected to grow to around 70% by 2050
(Steinfeld et al., 2006). The developing world thus bears
much of the burden of the environmental impacts of Nr
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loss, and this burden will only increase. Much of the pig
and poultry production is via IAPSs. China alone accounts for a quarter of the poultry and half of the pig
production. At the other end of the scale, West Asia and
North Africa, and sub-Saharan Africa account for 15%
of poultry production and 2% of pig production, respectively (Steinfeld et al., 2006). While these regions are less
affected by the losses of Nr to the environment, they are
also reaping less of the benefits from meat production.
Figure 6.10 in the color well illustrates conceptually
where Nr is lost to the environment and the environmental issues associated with the initial losses. Figures
6.5–6.8 illustrate the hot spots of the losses to coastal
systems and to the atmosphere. The primary losses to the
environment from agroecosystems in general and IAPS
specifically are, in order of approximate decreasing magnitude at the global scale, atmospheric NH3 emissions
(volatilization from manure), NO3– losses to surface waters and groundwaters (leaching from fertilized fields,
manure), atmospheric NOx emissions (fossil fuel combustion in support of IAPSs, emissions from soils), and
atmospheric N2O emissions (from soils). On a subglobal
level, generally the greater the level of IAPSs, the greater
will be the losses to the atmosphere and waters.
As discussed earlier, these losses can be quantified at
the global and regional level. For N2O, of the 4.5 Tg N
emitted to the atmosphere, 1.8 Tg (40%) is due to IAPSs,
with regional hot spots occurring in western Europe and
South Asia. Given the long residence time of N2O, the
effects of its loss to the atmosphere (greenhouse effect,
stratospheric ozone depletion) are not limited to the region of emission—it is a true global consequence of N
losses from IAPSs.
On the global scale, 24.8 Tg N of dissolved inorganic
nitrogen (mostly NO3–) was discharged to coastal ecosystems. Approximately an equal amount was denitrified
during the transit of Nr from its point of transfer from
the terrestrial system to the stream–river continuum that
leads to the coast (Seitzinger et al., 2006). Some of the
Nr denitrified is emitted to the atmosphere and contributes to the N2O emissions discussed in the previous paragraph. Of the DIN that reaches the coast, only about
12% was due to manure generated by IAPSs. While at
the global scale this is a small amount, there are hot
spots of loss on the regional scale, and numerous studies
have shown that Nr losses to coastal ecosystems in those
regions have caused eutrophic conditions, leading to hypoxia and anoxia and accompanying ecosystem impacts
(NRC 2003).

Integrated View of Animal Protein Production
As summarized in Figure 6.11, N that is fixed for agricultural production either ends up in food products or
is lost to the environment. Improving the efficiency of N
utilization within the production system is the only way
to reduce losses without decreasing food production.

It is difficult to quantify the individual flows of NH3
and NOx from agriculture to water and air. Most of these
flows are detrimental to the environment, however, and
continue to be passed from one reservoir to another once
they leave the farm. Therefore it may be more beneficial
to aim at reducing the total N loss from the agricultural
system rather than reducing only one or another form of
loss (NRC 2003). It is also more reliable to quantify total N losses from quantities that are routinely measured
and documented on farms, namely the N inputs such as
fertilizer and outputs such as animal products. Taking
a systems approach enables us to aim at reducing all N
losses from the farm, a goal that is more easily quantified
as inputs minus production outputs.
The systems approach also applies to optimizing the
entire agricultural system rather than focusing on specific farms or processes (NRC 2003). For an individual
farm, inputs might include feeds from other farms and
outputs might include excess manure. Importing feeds or
exporting manure might decrease the farm balance and
make it appear more benign to the environment because
some N losses will occur on the farm producing the crop
or using the manure. Changes on that farm may or may
not decrease the total N losses from the agricultural system, including the other farms participating in the process. Nonetheless, it may be good for the environment
to outsource crop production to farms that are more efficient at it.
The global demand for specific food products will be
one of the most difficult aspects of agricultural production to control. With increasing demand, greater N losses
to the environment can be expected unless there is an
improved efficiency of utilization of N inputs. Domestic
animal and crop species have been selected for economic
efficiency, which largely has meant high levels of production per unit of time and space. The ample availability of
fixed N has decreased the benefit for high efficiencies of
N utilization. When considering environmental costs of
N utilization, this equation may differ in the future.

Conclusions
At the beginning of the nineteenth century, global meat
consumption was about 10 million metric tons (~10 kg
per capita–1) and population was 1.6 billion people. At
the beginning of the twenty-first century, population had
grown to 6.4 billion people, global meat production had
increased to 243 million metric tons, and per capita rates
had increased to ~40 kg yr–1 on average and to ~80 kg
yr–1 in developed countries. This increase has a large impact on the release of nitrogen to environmental systems.
This impact is magnified because almost half of the meat
is produced in IAPSs.
A large fraction (for some regions, >80%) of the N2O
and NH3 emitted to the atmosphere and Nr injected into
coastal ecosystems are from IAPSs. The Nr lost to the
environment contributes to most environmental issues
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Inputs

Maximize
Utilization
Of
Resources
And Waste

Losses

Figure 6.11. Conceptual model of an integrated

animal production system where the goal is
to maximize the “products” and minimize the
“losses.”

Source: NRC 2003.

of the day, and the Nr remains in the environment for
long periods of time. A particularly vexing question is—
of the N released from IAPSs, how much is stored as Nr
in both aquatic and terrestrial ecosystems versus being
denitrified to N2? And if it is denitrified, how long has
the Nr stayed active before denitrification occurs?
Given that Nr will be created in ever increasing
amounts due to IAPSs, the challenge to society is that if
N management is not enhanced, environmental damages
will be magnified as Nr accumulates in environmental
systems. The even greater challenge is that the increasing
injection of Nr into environmental systems has profound
effects on other biogeochemical cycles, most notably P
and C. For many regions of the world, the increasing
amount of Nr results in a spinning up of the P and C
biogeochemical cycles, which will have additional consequences for both humans and ecosystems.
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Water-Mediated Ecological Consequences of Intensification
and Expansion of Livestock Production
Lisa Deutsch, Malin Falkenmark, Line Gordon, Johan Rockström, and Carl Folke

Main Messages
• Water needed for animal feed is by far the dominant
freshwater resource challenge in the livestock sector,
affecting both blue and green water flows in the
hydrological cycle. Two types of water are involved in
feed production: “green water” (e.g., naturally infiltrated rain)
attached to soil particles and accessible to the roots, is the
basis for rainfed production; and “blue water” (e.g., liquid
water from rivers and aquifers) is also used for irrigated feed
production.
• Feed production affects water flows in three main
ways: (1) blue water withdrawal (e.g., to irrigate feed crops)
affects the availability of blue water downstream; (2) land
cover change (e.g., deforestation for soybean production)
affects water partitioning and green water use; and (3)
changes in land use management (e.g., use of machinery
resulting in soil compaction) influence infiltration and waterholding capacity of the soil and therefore blue/green water
partitioning at the land surface.
• Although water is a foundation of functioning
ecosystems, lack of comprehensive understanding of
this relationship has led to inadequate management.
Current water use estimates of the livestock sector are
gross oversimplifications for three reasons: most often one
simple figure is used, although there are large differences
in total water use between different production systems
(and it is particularly important to account for grazing
properly); interlinkages between all the processes in the
entire hydrological cycle are neglected; and water use
figures need to be tied to ecosystem changes—both to
understand ecosystem consequences of actions and to
allocate water costs correctly.
• Agricultural activities for feed production influence
ecosystem water determinants and therefore disturb
ecosystem production and functioning. The roles that
freshwater plays in the landscape as the bloodstream of

the biosphere mean that changes in livestock production
systems will impact on blue and green water flows, alter
ecosystem processes and functions, and ultimately be
reflected in the ecosystem services provided. Terrestrial
ecosystems depend on green water and aquatic
ecosystems on blue water.
• A five-part ecohydrological framework provides a
way to analyze ecosystem effects of hydrological
alterations due to livestock production changes.
Livestock activities drive agricultural production system
changes, which affect blue/green water partitioning
processes; changes in partitioning processes are then
reflected in alterations of ecosystem water determinants,
and finally in consequences for ecosystem functioning and
services.
• Livestock production involves consumptive use
of huge amounts of freshwater for animal feed,
whether based on pasture or crops. In today’s livestock
production, almost 20% of green water flow, or ~11,900
km3/yr is used (some 1400 for feed, 10,300 for grazing,
and almost 300 for irrigation). Most of the water used in
livestock production is green water; blue water plays a
minor role.
• Since food production will have to expand to
feed a growing population and meet nutritional
improvements as well as new dietary preferences,
considerable changes may be expected in blue
as well as green water use. We estimate that past
deforestation of lands now used for grazing has already
involved large changes in green water flows—with a global
reduction of 2200 km3/yr. By 2050 we may expect a 50%
increase of total cropland area, mainly for feed production,
which can further decrease green water if it results from
deforestation. However, we also expect a 10% increase
in total green water flow for livestock production, around
1,000 km3/yr, mainly from increased production of feed
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by 2050 in the developing countries. Significant changes,
whether decreases or increases, in water use are likely
to generate alterations in ecosystem processes, resulting
in changes in ecosystem functions and ultimately in the
ecosystem services provided.
• In view of such expected disturbances of ecosystem
services in the next four to five decades due to
livestock production expansion, strategies and
policies have to be developed to facilitate knowledgebased trade-offs between water for meeting
increasing demands in terms of human animal protein
supply and water for secured ecosystem production
and functioning. To secure ecosystem protection, future
water management and research need to expand their
blue water focus. A shift in thinking is essential so that
green water is properly addressed, and integrated water
resources management is extended to incorporate land
use.

Water Use in Livestock Production: Problems
and Estimation Methods
Livestock production is potentially a huge water user, and
global scenarios of future water use show that a shift in
diets toward more animal products will be an important
driver of increased water scarcity globally (Molden 2007,
Rockström et al., 2007; see also Chapter 12). Estimates
indicate that, on average, plant-based foods consume approximately 0.5 m3 of freshwater for every 1,000 kcal,
compared with 4 m3/1,000 kcal for animal-based foods
(Falkenmark and Rockström 2004). This is important,
since humans already use around 50% of accessible blue
water (Postel et al., 1996).
Water Involved in Livestock Production
In livestock production, water is used for meeting animals’ drinking needs, servicing (e.g., to wash and cool
animals, clean production facilities, and dispose of
wastes), processing livestock products (e.g., slaughter,
tanning), and producing animal feeds. The annual global
water requirements for the first three uses are estimated
to be relatively small—no more than 20 km3 or less than
1% of total annual human freshwater withdrawals (Oki
and Kanae 2006, Steinfeld et al., 2006). The main effects on freshwater resources and ecosystem functioning
associated with drinking, servicing, and processing are
related to pollution (see Chapter 9).
Producing a growing amount of feed for animals,
on the other hand, constitutes a very large freshwater
use. No economic sector consumes as much freshwater
as agriculture, which accounts for 70% of withdrawals
of runoff water (so-called blue water) from rivers, lakes,
and groundwater resources and 86% of total green and
blue water use (Hoekstra and Chapagain 2007, 2008).
Grazing uses the soil moisture resource from infiltrated
rainfall in the root zone, which becomes evapotranspiration (ET) (green water) from the world’s terrestrial

ecosystems (Rockström et al., 1999, Falkenmark and
Rockström 2004). Thus, in terms of freshwater use, the
water flow needed to sustain plant growth for animal
feed is by far the dominant freshwater resource challenge
in the livestock sector, affecting both blue and green water flows in the hydrological cycle.
Basically, animals consume crops and/or graze. The
four most widely used feed crops are barley, maize,
wheat, and soybean (FAO 2007). Ruminants (cattle,
sheep) require more fiber in their diets than monogastrics
(pigs, poultry) and thus also consume cultivated fodder
crops such as alfalfa and hay. The proportion of cropland to grazing land needed will be determined by the
particular animal involved (monogastric or ruminant),
the location of production, and the production system
that is chosen (e.g., intensive can be purely crop based).
(See Figure 7.1 in the color well.) In relation to water,
animal feed uses freshwater withdrawals (blue water) on
irrigated croplands and naturally infiltrated rainwater
stored in soil moisture (green water) for crops and grazing lands in rainfed areas.
Feed production affects water flows in three main
ways: blue water withdrawal (e.g., to irrigate feed crops,
affecting the availability of blue water downstream);
land cover change (e.g., when rain forest is converted
to soybean production, which affects water partitioning and green water use), and altered water partitioning
due to changes in land use management (e.g., runoff increases with soil compaction). Various other effects such
as chemical (nutrients, pesticides, organic matter, salinity), physical (suspended sediment load), and bacterial
pollution are discussed in Chapters 5, 6, and 9.
Ecosystems depend on rainwater, groundwater,
surface water, and water vapor (Falkenmark 2003).
Although water is a foundation of functioning ecosystems, bias in study and research has led to a lack of
comprehensive understanding of this relationship and
hence inadequate management (Falkenmark and Folke
2002). First, traditional freshwater estimations, management, and policy have focused on the liquid water part
(the blue runoff flows) of the hydrological cycle and on
aquatic ecosystems (planning and allocating stable runoff resources in rivers, lakes, and aquifers) (Falkenmark
and Folke 2003). This is despite the fact that blue water
on average only accounts for some 40% of the global
terrestrial hydrological cycle. The rest of the cycle, reflected in vapor or green water flows (evaporation and
transpiration flows), has multiple functions in the human life-support system, such as sustaining all biomass
growth. Second, conventional resource management has
addressed land and water separately (Falkenmark and
Lundqvist 1997). A deeper understanding of the interactions between terrestrial systems and freshwater flows
is particularly important in light of present widespread
land cover changes (Gordon et al., 2005, Lambin and
Geist 2006). Third, only recently has it been recognized
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that calculations should not focus solely on flows used
by humans but should also include water needed for
ecosystem function in terrestrial and aquatic systems
(Jansson et al., 1999, Rockström 2003, Smakhtin et al.,
2004). Thus water must be managed wisely to maintain
both agricultural productivity and desired ecosystem
services.
To understand water-related effects of feed production, it is important to distinguish between the different
water flows in the hydrological cycle that are associated
with livestock production. Rainfall is partitioned into
blue and green water flows. (See Figure 7.2 in the color
well.) Falkenmark coined the term green water resource
in the mid-1990s to describe the stock of naturally infiltrated rainwater in the root zone (soil moisture) and
green water flow for the vapor flow in terms of evapotranspiration (Falkenmark 1995).
Blue water flows are liquid water fluxes, such as
groundwater flow, base flow in rivers, and surface runoff, while blue water resources consist of the liquid water
stored in aquifers, lakes, wetlands, and dams. Blue water
flows are formed in two partitioning points. The first,
on the land surface, determines the partitioning between
surface runoff, direct interception flow (evaporation
from ponded water and canopy surfaces), and rainfall
infiltration. Surface runoff is a blue flow of “fast” runoff, which forms stream flows in rills and gullies and ultimately feeds lowland areas and rivers. Infiltrated rainfall
forms the green water resource in the root zone. A part
of this resource forms groundwater flow in the lower
partitioning point, while the remainder returns to the
atmosphere as green water flow. The groundwater flow
(a blue water resource) passes underground through the
landscape and surfaces as baseflow to water bodies such
as rivers, lakes, and estuaries (a blue water flow). The
aggregate of the two horizontal flows, surface and subsurface runoff, forms the blue water resource (aquifers
and lakes) and blue water flow (groundwater recharge
and river flow).
The green water flow consists of a nonproductive
flow (evaporation, E) and a productive flow (transpiration, T), which directly contributes to biomass growth.
As will be emphasized in this chapter, there are good opportunities to improve the productivity of water use by
shifting vapor from nonproductive E-flow to productive
T-flow, thereby not affecting blue water generation. This
is critical, as green and blue water flows interact spatially and temporally. There is generally a linear relationship between productive green water flow and biomass
growth, which means that more pasture or feed production per unit land area is related to increased green water
use, which may reduce blue water generation.
The blue water resource, when used for irrigation,
partly undergoes a blue to green redirection and forms
evapotranspiration (a green water flow) from the irrigated cropland, while a significant portion normally

forms a return flow back to water bodies (a blue water
flow). Finally, the amount of precipitation in an area is
dependent on vapor from water bodies and oceans and
on the green water from terrestrial vegetation in downwind areas.
Therefore, for livestock production, which depends
strongly on pastures and feed production, the dominant
use of freshwater is not blue water flows, but rather
green water flows—that is, infiltrated rainfall forming
soil moisture in the root zone, which flows back to the
atmosphere as vapor.
Previous Estimates of Water Use by the
Livestock Sector
Global Water Estimates

Global evapotranspiration from croplands is estimated
at 5,400 km3/year (Rockström et al., 1999) (Figure 7.3
in the color well). It is estimated that nearly 15% (Steinfeld et al., 2006) of the evapotranspiration from irrigated
croplands can be attributed to livestock production: 300
km3 of the 1,800 km3 total annual irrigated ET (Postel
et al., 1996). Irrigation influences water withdrawals
directly but then flows back to the atmosphere as ET.
Of the remaining 3,600 km3 ET from rainfed croplands,
approximately one-third (1,400 km3/year) is attributable
to livestock (Steinfeld et al., 2006). Further, grasslands
constitute a major freshwater-consuming biome. An estimated 68% of grassland ET is associated with permanent pastures (livestock grazing, which amounts to an
estimated 10,300 km3/year). Thus we estimate that green
water flows linked to livestock production from rainfed
feed crops, grazing lands, and irrigation-fed feed crops
altogether amount to 11,900 km3/year or just less than
20% of the total global green water flow from the continents. These figures do not include forests and wetlands
as there are no estimates available at present. As noted
earlier, blue water flows used by livestock for drinking,
servicing, and processing are tiny—estimated at almost
20 km3/year (Steinfeld et al., 2006). Thus most of the water used is green water.
To give an overview of water flows, Figure 7.3 presents estimates associated with livestock production. Annually, an average of approximately 111,000 km3 of
water precipitates on land surfaces globally (Oki and Kanae 2006). Of this total, 61,900 km3 (Rockström et al.,
1999) evapotranspires and approximately 49,100 km3
remains available for blue water withdrawal. According
to the compilation of data in Figure 7.3, livestock’s total share of these global hydrological flows is estimated
as equal to about 11,900 km3 or approximately 10% of
global water flows.
Despite the importance of livestock and the animal-based foods they provide in determining global
freshwater use, the estimates of actual water use by livestock vary tremendously and are often based on overly
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simplistic generalizations (particularly for intensive livestock systems, where feed is predominantly assumed to
originate from crops, and mainly from irrigated crops,
which rarely is the case) (see, e.g., Pimentel et al., 1997).
Major advances have been made over the past years in
revising water use estimates in light of different sources
of feed and fodder (de Fraiture et al., 2007).
But estimates of livestock water use remain overly
blue-water-oriented as they do not include green water
resources from different land use types. What has been
lacking from earlier studies are estimates and discussions
of the water-related consequences of land cover changes
and management practices related to livestock production and how these changes have affected rainwater partitioning processes and therefore caused changes in both
green and blue water flows. A critical factor is the analysis of multiple ecological functions provided from water
use on pasturelands and the opportunity costs, in both
social and ecological terms, of using the water currently
consumed on pastureland for other uses.
Estimates for Different Livestock Production Systems

Several studies have approximated the amounts of water
used to produce a variety of animal products and animal
feeds. Estimated water use varies according to animal

production systems, as noted earlier (Figure 7.1), as well
as different methods used to calculate and allocate water
use, as clearly reflected in the ranges of estimates of water use. (See Table 7.1.)
The many different methods used to calculate water
use for animal products and feed have resulted in very
different estimates. For example, as seen in Table 7.1,
water use in beef cattle production varies from 8,999 to
200,000 L/kg—so by a factor of 20. A major difference
between the lowest estimate (Chapagain and Hoekstra
2003) and the highest one (Pimentel et al., 1997) is that
the first is for an intensive crop-based feed system where
animals grow faster and have shorter life spans, thus increasing the measured water efficiency of production. In
contrast, the highest estimate allocates the full ET of all
vegetation in rangelands to grazing—that is, it assumes
that all vegetation is used by livestock and it allocates
no water use to other purposes or to multiple ecological
functions in nature. Since water use for feed crops also
depends on specific crop water requirements, calculations
for extensive livestock production (grazing animals) assume significantly more water use because grasslands and
noncultivated fodder crops have lower yields and are less
energy-rich and protein-rich feed sources, thus requiring
greater areas where livestock products are allocated the

Table 7.1. Estimates of water use for animal products and feeds.

Beef cattle:
Gradient from
intensive grain
fed grazing
Dairy cows
Beef meat
Milk
Cheese
Poultry (broiler1)
Laying hens
Eggs
Pork meat
Pigs
Sheep
Sheep meat
Soybean
Maize–Corn
Alfalfa
Potatoes (dry wt)
Wheat

Pimentel1, 2

Hoekstra3

100,0001–
200,000

16,000

3,5001

900
5,300
2,800

6,000

4,700
5,900

2

51,0002
2,0001
1,4001
9001
5001
9001

2,300
450
160
1,200

Chapagain &
Hoekstra4

8,999–13,824
85,955–159,523
22,000
800
4,600
1,028–7,702
7,241–38,519
2,000
3,500
2,415–4,344m
6,074–6,435
9,000

Hoekstra &
Chapagain5, 6

SIWI IFPRI IUCN
IWMI7

Range of
different studies

15,000–70,000

8,999–200,000
85,955–159,523
15,500–22,000
800–990
3,190–5,300
1,028–7,702
7,241–38,519
2,000–4,700
3,500–6,000
2,415–4,344
6,074–51,000
9,000
1,100–2,300
450–1,800
900–2,000
160–1,500
900–2,000

15,500
990
3,190
3,500–5,700
3,340
4,860

6,140
1,790
910
1306
2556
1,330

1,100–2,000
1,000–1,800
900–2,000
500–1,500
900–2,000

Liters/kg = m3/ton
m

= mixed animal production system.

Sources: 1(Pimentel et al., 1997); 2(Pimentel et al., 2004); 3(Hoekstra 2003); 4(Chapagain and Hoekstra 2003); 5(Hoekstra and Chapagain
2007); 6(Hoekstra and Chapagain 2008); 7(SIWI et al., 2005).
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full water debt. Thus, in order to discuss the differences
in livestock water use it is key to account properly for
grazing.
Accounting for Grazing
One of the main reasons for the huge differences in the
numbers associated with livestock production is that it is
difficult to account for grazing. Basically there seem to be
three different approaches. The first one argues that since
pasturelands would still use water, even without grazing,
and that in many cases there is no other likely use of
the areas other than grazing, the alternative water cost is
zero, and thus water use attributed to livestock in these
grazed areas should be zero (Peden et al., 2007, Steinfeld et al., 2006). The second approach allocates the full
ET of rangelands to grazing (Pimentel et al., 1997). This
results in extensive livestock production getting significantly higher water use than intensive livestock production. The third approach only accounts for the ET for the
actual portion of the vegetation consumed by livestock
in grasslands (Postel et al., 1996, Falkenmark and Rockström 2004, de Fraiture et al., 2007).
The first two totally contrasting approaches are actually both partially right. There are three issues that should
be addressed with regard to allocation of the water to be
accounted for in livestock production: multifunctionality
of ecosystems, degradation of ecosystems, and the full
hydrological effects associated with livestock. The first
approach of “no allocation” is correct for ecologically
sustainable systems (no land degradation) where grazing
is but one of several ecosystem services generated from
this landscape. And the approach of “allocating the full
water burden for livestock” is correct if grazing is substantially degrading the ecosystem and thus taking place
at the expense of other ecosystem services. But there is
also a need to consider effects on the entire hydrological
cycle, since grazing can also reduce overall water use if it
is coupled with deforestation.
Multifunctionality of Ecosystems

Ecosystems are multifunctional systems in that they can
generate a whole bundle of ecosystem services at the
same time, including provisioning services such as food
and fiber, regulating services such as pollination and erosion control, and cultural services such as spiritual values
and the potential for recreation (Foley et al., 2005, MA
2005). Depending on management practices, the relative
abundance of different services in a specific ecosystem
can change. For example, a crop field managed for optimal crop production with little consideration of other
services can be expected to have high levels of provisioning services but low levels of regulating and cultural services. A more multifunctional cropland may have less
crop yield but higher values of several other services (Foley et al., 2005). Sometimes, synergistic effects between
yields and other functions can be found. For example, a

review by Pretty et al. (2006) of investments in resourceconserving agriculture across almost 200 projects in developing countries showed that it is possible to increase
yields while enhancing other ecosystem services such as
carbon sequestration and pest control.
Similarly, grazed grasslands also generate a full bundle of ecosystem services. If grazing were not practiced,
the bundle of services generated would change. Depending on how grazing is managed, the level of other services can be high or low. For example, the reduction of
grazing in Sweden has led to losses of cultural ecosystem
services associated with an open landscape and biodiversity as low-diverse forests replace meadows (Eriksson et
al., 2002, Pykälä 2000). However, since it is so difficult
to quantify the specific amount of water that goes only
to sustaining grazing, the third approach is not accurate.
When grazing sustains or enhances other ecosystem services, the alternative water costs should be zero.
Degradation of Ecosystems

It is estimated that 20% of global pastures and rangelands have been degraded (Steinfeld et al., 2006). In these
systems, grazing has reduced the bundle of ecosystem
services generated in the system. For example, soil losses
due to erosion, bush encroachment, and sedimentation
in runoff water causing siltation of downstream systems
has reduced grass productivity and resulted in a loss of
biodiversity. Thus grazing activities dominate the behavior of the system at the expense of other services and can
be allocated the full cost of the entire system.
Such contrasting approaches to allocating costs can
result in dramatic differences in estimates of the total
water allocated to livestock. This section presents generic
approximations of annual water consumption for three
main beef-producing livestock systems and considers the
impacts of whether pasturelands are attributed to the
production system. (See Table 7.2.) If a grazing system
is assumed to be sustainable and none of the cost to beef
production is allocated to it, then the total water use is
12,000 L/kg meat. This is less than half of the water used
if the full burden of grazing is allocated for a degraded
system (30,300 L/kg meat).
Full Hydrological Effects: Green Water Flow Changes
from Land Conversion to Grazing Lands

This chapter focuses attention on water use from feed
crops and grazed grasslands in terms of the amount of
green water that leaves land for the atmosphere. In many
places around the world grazing takes place in deforested
areas. Since forests generally generate higher green water
flows than grasslands and pastures do, water use can in
fact be reduced by grazing. Gordon et al. (2005) quantified human-induced change in green water flows from
deforestation and irrigation at the global scale by comparing actual vegetation cover (Goldewijk 2001) with
potential vegetation cover (Ramankutty and Foley 1999).
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Table 7.2. Estimates of water use for beef meat in three different production systems.

Different beef production systems
INTENSIVE
% of feed
allocation

Feed mix
Crops
Fodder
Pasture
TOTAL

Feed mix %

GRAZING
zero
Feed mix % allocation

Liter
water/
kg beef
meat

Liter water/
kg beef
meat
32,800
20,400
0
53,200

MIXED
% of feed
allocation

50
50
0

20,800
4,200
13,000
38,000

Feed mix %

Liter
water/
kg beef
meat
30
30
40

7,400
4,600
0
12,000

GRAZING
full allocation

Feed mix %

Liter water/
kg beef meat
10
10
80

7,400
4,600
18,300
30,300

10
10
80

In our estimates, we allocate the use of the grazing system according to how the pasturelands contribute to the production system. In
intensive and mixed systems the allocated amount is determined by the percentage of feed contributed by pastures. In grazing systems,
there is zero allocation when grazing sustains or enhances other ecosystem services. However, when grazing activities dominate the
behavior of the system at the expense of other services they are allocated the full cost of the entire system.

(Potential vegetation is the vegetation cover assumed to
exist in the absence of human activities and is mainly
driven by climate.) Figure 7.4 in the color well uses the
data from Gordon et al. (2005) to estimate changes in
green water flows, but only those associated with grazing
(in the vegetation class “marginal croplands, lands used
for grazing”). The green areas in Figure 7.4 show no net
change, while the orange to red areas show reductions of
green water flows. This shows a total global reduction of
green water flows of approximately 2,200 km3. This is
thus a first rough estimate of how much and where conversion to grazing lands has reduced green water flows
to the atmosphere. It agrees with previous results (Gordon et al., 2003) that estimated that the entire change
of available blue water for Australia during the last 200
years could be attributed to deforestation.
Need to Link Water Estimates to Ecosystem Changes

An overarching synthesis of the consequences of hydrological alterations related to livestock production for
ecosystem goods and services is sorely needed. Such a
synthesis is urgent, considering the strong driving forces,
including increasing pressure on land and water for
agricultural production (Molden 2007) and projected
changes in diets, market forces, and trade regimes are all
related to livestock production. Increasing demand for
animal products is predicted and is expected to be met by
further intensification of livestock production, both the
grazing-related and the intensive crop-based parts of feed
production (FAO 2003). Currently, as previously stated,
feed production is responsible for almost 20% of both
the blue water use in irrigation and the total vapor flow

from continental lands. In coming decades, Asner et al.
(2004) do not anticipate further expansion of marginal
lands for pastures, but in fact pasture areas are predicted
to intensify and actually lose area to croplands (FAO
2003, Steinfeld et al., 2006). A recent estimate has suggested that by 2050 almost 1,000 additional km3/yr of
green water flows will be required for grain feed production for livestock (Rockström et al., 2007).
In conclusion, present water use estimates for livestock production have improved, for example, with the
inclusion of green water in water use numbers. But what
do the present estimates really say? Current water use
estimates of the livestock sector are gross oversimplifications for three reasons. First, most often one simple
figure is presented, although there are large differences
in total water use between different production systems
(this in addition to the large variation between the climate and agriculture practices among different regions,
which also affects water usage for feed). Since such large
amounts of water are involved in livestock production,
several estimates of different production systems need to
be made. For example, an estimated 12,000 to 30,300
liters of water are used per kg beef produced in grazing systems, and 53,200 L/kg in intensive systems. It is
a gross oversimplification to use one figure to represent
the variety of livestock production systems, and it is particularly important to account for grazing properly. Sustainable use of grazing lands allows the areas to provide
other ecosystem services as well and thus should not be
allocated the full water cost. Second, water use must be
considered in relation to all the processes in the entire hydrological cycle, since they are interlinked. Third, water
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use figures need to be tied to ecosystem changes—both
for the sake of understanding ecosystem consequences of
actions and to correctly allocate water costs. Scenarios
may use water use estimations to discuss trade-offs, but
they are insufficient to make management decisions—
mainly because production should be tied to the most
fundamental factor of production: functioning ecosystems. Therefore, both for the sake of understanding ecosystem consequences of actions and to correctly allocate
water costs, this chapter moves from estimates of water
use to water flows to ecosystems and the services that
ecosystems provide to humans.

Water-Mediated Changes of Increased Livestock
Production on Ecosystem Functioning
The Ecohydrological Framework as a
Conceptual Model
Because water flows are of fundamental importance to
functioning ecosystems, it is imperative to analyze possible challenges to ecosystems and to the goods and services that they provide that are associated with intensified
livestock production. This section explores the relationship of livestock production to freshwater resources and
ecosystem functioning. In order to link the discussion of
livestock-driven activities to changes in ecosystem services and increase understanding of the role of water in
dynamic landscapes and ecosystems, an ecohydrological
framework is developed. The basic building blocks of the
framework are shown in Figure 7.5 in the color well.
Developing the Matrix
We developed a matrix for analyzing ecosystem effects
of hydrological alterations due to livestock production
changes based on a five-part ecohydrological framework.
The method used is an adaptation of the matrix approach
developed by Falkenmark (1989) for global change–induced consequences for water-related phenomena. (See
Figure 7.6 in the color well.) Progressing through the five
parts in four steps A–E, livestock activities (A) drive agricultural production system (agrosystem) changes (B),
which affect water partitioning processes (C); the resultant effects of changes in processes are then reflected in
alterations of ecosystem water determinants (D), and
finally in consequences for ecosystem services (E). The
matrix is marked only for the examples described here
in the text. In the text the elements of the first part of
the step are in bold text and those in the second part of the
step are in italics.
Step A–B: Livestock-Driven Activities and Related
Agrosystem Changes

The first section of the matrix shows step A–B, linking livestock-driven activities and agrosystem changes.
Three general livestock-driven activities (A) result in
agrosystem changes (B). As stated earlier, in livestock

production water is used for drinking, servicing, and
processing, for production of animal feeds, and for grazing. The resulting agrosystem changes are related to blue
water withdrawals for irrigated feed crops, water tradeoffs from land cover change (e.g., deforestation to grow
feed crops), and the impact on water use of changes in
land use management practices (e.g., runoff increases
with soil compaction).
As described at the start of this chapter, blue water
withdrawal for drinking, servicing, and processing livestock is minor compared with use for feed production.
Therefore the effects of this activity are not explored
here, although in some cases it certainly has significant
local impacts.
Feed production, on the other hand, affects all three
agrosystem changes. It may involve water withdrawal
when feed crops are irrigated. In the last half-century,
irrigated areas have doubled and water withdrawal
amounts have tripled (Molden 2007).
Livestock feed production is the dominant way in
which land cover is changed today (Ramankutty and
Foley 1999, Asner et al., 2004). Today, crops and pasture areas are equal to 40% of Earth’s land surface, and
predictions are that further land conversion and intensification of agriculture will occur (Hill et al., 2006,
Ragauskas et al., 2006). Land cover is defined “by the
attributes of the Earth’s land surface and immediate subsurface, including biota, soil, topography, surface and
groundwater, and human (mainly built-up) structures”
(Lambin and Geist 2006). It is estimated that animal feed
crop production presently appropriates one-third of total
cropland production (Asner et al., 2004, Steinfeld et al.,
2006). Since the 1950s, livestock production has steadily
intensified. Presently, there is a relatively larger increase
in the production of monogastrics, particularly chickens,
which are more land-efficient in terms of areas (Gerber
et al., 2005, Steinfeld et al., 2006). Croplands used by
livestock have increased (see Chapter 4), and use of feed
concentrates has risen due to increased crop yields and
decreased postharvest losses (Asner et al., 2004, Steinfeld et al., 2006).
Hydrologically relevant land cover conversions related to the intensification of livestock production include the following:
• Conversion of forests, natural grasslands, or grazing
lands to feed crops (such as coarse grains and
soybeans), which can either raise (in the grazing
to crop conversion) or lower (in the forest to crop
conversion) ET used for livestock production.
• Drainage of wetlands for feed croplands.
Feed production sometimes involves only altered land
use management practices that do not necessarily result
in land use conversions but that have indirect impacts on
hydrological phenomena, such as the following:
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• Changes to other crops—for example, from rice
or wheat to soybeans—with differing crop water
requirements.
• Increased use of heavy machinery, compacting
soils and affecting infiltration and runoff.
• Use of different tillage practices—conventional,
conservation, or no tillage—which affects
infiltration, drainage, runoff, and soil waterholding capacity.
• Increased use of pesticides, which can reduce
key soil organisms and affect infiltration and soil
water holding capacity.
• Changes in crop rotation, intercropping, and
continuous cropping practices, which can
potentially influence soil nutrients status and
affect plant water uptake.
As previously mentioned, increasing grazing areas for
animals remains a key driving force behind land use and
land cover changes (Fearnside 2001, Wassenaar et al.,
2006). The most significant land cover change that indirectly influences the hydrological balance is the conversion of forests and natural grasslands to grazing lands.
There is also an opposite trend, though on a much smaller
scale, in Europe. Some extensification in the form of increased use of meadows and pastures (i.e., a conversion
back from domestic croplands) is actually taking place
to maintain biodiversity and open cultural landscapes.
However, this is only possible through the supplement of
imported protein feed crops.
The following are some changes in land use management practices associated with grazing that affect water
use:
• Increasing grazing pressure—which can compact
soils and affect infiltration and runoff; remove
vegetation affecting ET levels; and increase erosion,
which removes organic matter and affects water
holding capacity in soils.
• Direct modification of vegetation by livestock, which
can influence infiltration patterns and competition
in the root zone between, for example, grasses and
woody species.
Step B–C: Changes in Water Partitioning Processes
Resulting from Agrosystem Changes

The second section of the matrix shows step B–C, where
the three types of agrosystem changes (B) just discussed
are linked to resulting hydrological alterations of five
water partitioning–related processes (C) in ecosystems:
vegetation uptake/evaporation (moisture in soil), infiltration/overland flow, groundwater recharge/groundwater flow, stream flow generation, and green water flow
(moisture in atmosphere).
The fact that water withdrawals influence stream flow
(C.4) is probably obvious. However, the modifications

caused by land use change and altered land management
practices in the water partitioning processes of incoming
rainfall are much more complex, as illustrated in Figure
7.2.
Although livestock practices leading to water withdrawal may be relatively small at the global scale, they
are not insignificant. Irrigation for feed currently amounts
to almost 300 km3 (Figure 7.3). Water use involved in irrigation, for all agricultural purposes not just feed production, is a redirection of blue to green water flows. As
stated earlier, this water withdrawal obviously influences
stream flow. Unfortunately, there are many examples of
stream flow depletion, shrinking lake volumes, and river
depletion in the irrigated regions of the world (Falkenmark et al., 2007). However, presently, livestock’s portion of this depletion is unknown.
Land cover change can affect all the water partitioning processes through biophysical determinants. Changing the vegetative cover can have significant effects on
the amount, location, and timing of vegetation uptake
processes. The most common conversions include forests to grazing lands, forests to feed crops, grasslands
to croplands, and wetlands drained for croplands. Land
cover change may influence the infiltration of rainwater. If infiltration decreases, runoff may increase, raising
flood flows (i.e., streamflow generation). If water infiltrates and is not taken up by vegetation it contributes
to groundwater recharge. In Australia, when lands were
deforested to make grazing lands for sheep, the rainwater that no longer evapotranspired from trees in the
flatlands, percolated downward and raised groundwater
levels (bringing grave salinization problems) (Gordon
et al., 2003). Green water flow depends on transpiration from vegetation and evaporation from soils and
water bodies. When a forest is removed and replaced
with grazing areas or with nonirrigated crop fields, the
amount of transpiration from vegetation is most often
reduced. This may also have effects on atmospheric vapor flow and moisture recycling and therefore on precipitation elsewhere, a feedback that has been noted in
the Amazon (Oyama and Nobre 2003, Salati and Vose
1984, Savenije 1995).
Land use management practices in feed-producing
systems will directly influence water flow partitioning.
Changes in management practices will alter the biomass
productivity of the feed or fodder production system. As
shown by Rockström (2003), while there is a relatively
linear relationship between plant transpiration and biomass growth, the relationship between evapotranspiration (i.e., total green water flow) and biomass growth is
highly nonlinear, particularly at low productivity levels
(<4–5 t/ha). This is because evaporation flows constitute
a large portion of green water flows at lower canopy
densities, while transpiration flows dominate in highyielding systems. Management practices, including tillage, fertilization, crop management, and soil and water
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management, will affect yields and thereby water use.
For example, farmers producing feed cereal crops with
poor management systems yielding in the range of 2–4 t/
ha of grain dry matter will consume 1,500–3,000 m3/t,
while a farmer adopting efficient management systems
(e.g., no-tillage systems with good fertilization management) will typically produce in the range of 5–10 t/ha,
which will consume at a level of 1,000 m3/t. This has a
major impact on green to blue water trade-offs.
Step C–D: Effects on Ecosystem Water Determinants
Resulting from Changes in Water Partitioning Processes

The third section of the matrix shows step C–D, linking
changes in water partitioning processes to ecosystem water determinants. This next section analyzes how the five
mentioned changes in water partitioning processes (C)
affect a set of water determinants of ecosystems (D). The
four water determinants of ecosystems selected for attention are green water availability (soil moisture), groundwater flow/water table, stream flow/flow regime, and
precipitation pattern. Water determinants are the specific
environmental conditions of particular importance to a
certain type of ecosystem. For example, stream flow/flow
regime (D.3) is decisive for the habitat of aquatic ecosystems and inundation-dependent wetlands.
First, vegetation uptake/evaporation is the portion
of the green water flow that is tied to vegetation uptake
in the root zone in the soil. Alterations in vegetation uptake can influence groundwater flow if all water is taken
up by vegetation and nothing percolates down. For example, the replacement of endogenous cool-season natural vegetation with a warm-season feed crop, like corn
or soybean, results in a vegetation demand that is not
adapted for local precipitation patterns. This results in
vegetation taking up all soil moisture (green water availability) during the summer and reduces groundwater recharge. This will also influence the stream flow regime in
terms of reduced base flow in rivers fed by groundwater
outflow. This is of relevance in rivers used for irrigating crop fields (e.g., the Mississippi River in the United
States). Vegetation uptake can also influence precipitation patterns if there are large changes in the amounts of
water taken up in the root zone and thus in the amounts
of ET released into the atmosphere. Presently, the Amazon is the best-known example of the effects of vegetation uptake changes associated with the removal of
forests and replacement with grasslands. This deforestation broke the regional moisture feedback cycle, transpiration was greatly reduced, and in effect only vapor flow
from the ocean remained, thus precipitation was greatly
reduced (Oyama and Nobre 2003).
Second, alterations in the ratio of the amounts of
water that infiltrate into the soil instead of running off
(infiltration/overland flow) will directly influence green
water availability in the soil.
Third, alterations in groundwater recharge naturally

influence the water table. Wherever percolation increases,
groundwater flows are increased and water tables rise.
Fourth, alterations in stream flow generation may
affect stream flow regimes. Regime changes are related
to variation over the course of a year, such as peak and
base flows. As stated earlier, stream flow depletion is a
widespread phenomenon in rivers with large-scale irrigation, including the Yellow, Indus, Nile, Aral Sea tributaries, Ganges, Murray-Darling, Chao Phraya, Incomati,
Rio Grande, and Pangani (Falkenmark et al., 2007). Although agriculture is a major driver of alterations, the
portion attributable solely to livestock—while certainly
smaller—is not yet determined.
And fifth, green water flow is the atmospheric portion of the green water flow and is tied to the moisture
feedback phenomenon. (The portion of vegetation uptake in the soil was described earlier.) Large alterations
in evapotranspiration, which contributes to atmospheric
vapor flow, may influence atmospheric vapor flux and
therefore also precipitation patterns in downwind
regions.
Step D–E: Effects on Ecosystem Services Resulting from
Altered Water Determinants

The fourth section of the matrix shows step D–E, linking
changes in ecosystem water determinants to ecosystem
services. Analysis of the consequences for ecosystems requires consideration of the biological changes resulting
from the physical effects of altered water determinants.
Ecosystems and ultimately the services they provide
depend on a variety of environmental conditions and
hydrological phenomena that vary according to the particular type of ecosystem.
The four water determinants (D) can be coupled to
ecosystem services (E) as follows:
• Green water availability (D.1) determines the soil
moisture available for terrestrial ecosystems.
• Groundwater flow/water table (D.2) determines
the water accessible for deep roots of terrestrial
ecosystems.
• Stream flow/flow regime (D.3) is decisive for the
habitat of aquatic ecosystems and for inundationdependent wetlands.
• The precipitation pattern (D.4) is a defining variable
behind the hydroclimate in an area and therefore the
ecosystems developing there.
In terrestrial ecosystems, plant production, both of crops
and in natural ecosystems, depends on the green water
in the soil because this is where plant roots have access
to water. Decreased infiltration leading to reduced green
water in soils and ultimately reduced plant production
can often be linked to poor management of grazing and
croplands. Some terrestrial systems are also particularly
vulnerable to changes in the water table. In savanna areas
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there is very limited lateral groundwater flow, and the areas depend on exceptionally deep-rooted trees and bushes
that tap the water table or its capillary fringe directly. Removal of woody vegetation for grazing in these systems
can create vulnerability to waterlogging and salinization
if the groundwater rises, as happened in Australia after
extensive deforestation (Gordon et al., 2003).
Further, grass and crop production in terrestrial agroecosystems may be vulnerable to altered streamflow regimes. For example, decreased flood flow can result in a
reduction of deposition of nutrients on inundated floodplains used for grazing and feed crops, while changes in
precipitation patterns influence the typical terrestrial ecosystems that can develop or exist in a region. The most
well-known example tied to livestock production is from
the Amazon, where up to 60% of precipitation comes
from moisture recycling. Deforestation for expansion of
grazing areas and soybean cultivation for livestock have
altered moisture feedback, reducing precipitation, and
may ultimately lead to savannization of the region. Likewise, the conversion of grasslands to croplands and the
resulting increased vapor flows due to irrigation can also
alter precipitation patterns, including increasing thunderstorm activities (Falkenmark et al., 2007).
Aquatic ecosystems, such as stream, riverine, and
downstream lake habitats, depend on the characteristics
of the stream flow, both in terms of average quantity,
seasonality (flood flow, dry season flow), variability between and within years, and quality. Reduction in total
stream flow, base flow, and flood flow can lead to fragmentation and loss of habitats, changes in aquatic communities, loss of species, and thus severe degradation of
downstream ecosystem services (including drinking water) as well as loss of local livelihood options (such as
fishing and tourism) along rivers or in downstream lakes
(Finlayson et al., 2005, Vörösmarty et al., 2005). Decreased flood flow can also result in less sedimentation
and deposition of nutrients on floodplains and reduced
flows and nutrient deposition in parts of the coastal zone
(Finlayson et al., 2005). Instead, the sediments are deposited in other areas as flows decrease and sediments
are carried shorter distances.
Effects on the quantity of the outflow of freshwater to coastal areas is also important to other aquatic
ecosystems, especially lagoon ecosystems dependent on
slightly brackish water generated by the mixing of fresh
groundwater discharge and limited seawater incursion
at exceptionally high sea tides. Today, there are many
cases where streamflow depletion is evident as an effect of large-scale irrigation in tropical and subtropical
regions. However, the specific portion of this that can
be tied to livestock production alone is poorly understood and remains to be assessed. Riparian ecosystems
in humid regions (which include a variety of ecosystems
along upper reaches of a river system) can be affected

by groundwater flow alterations if they are fed partly by
perennial groundwater discharge and partly by intermittent groundwater flow.
Wetland disappearance is most often due to intentional drainage or infilling for croplands. However, wetland degradation can be coupled to water determinants,
depending on wetland type or hydrological context. A
wide range of wetland types are determined by their
location within the catchment and connectivity with
groundwater and the downstream river system (Bullock
and Acreman 2003). Examples range from simple surface depressions to groundwater-dependent mountain
bogs and flood-dependent inland river floodplains.
Groundwater-dependent wetlands are vulnerable
to alterations in groundwater flow coupled with, for
example, the lowering of the water table for irrigation.
Inundation-dependent wetlands are vulnerable to alterations in stream flow. Base flows can be important for
sustaining wet springs in the landscape for local wildlife
and small wetlands (potholes) as stopping areas for birds
during migrations or in dry seasons. Again, the portion
of wetland loss due to hydrological alterations attributable solely to livestock has yet to be determined, as
studies with this focus have not yet been done. However,
wetlands have been associated with a diversity of hydrological functions, and thus losses are reflected in a number of desirable ecosystem services, such as bird habitats,
coastal protection during storms, groundwater recharge,
reducing and/or delaying floods, and reduction of lake
and coastal eutrophication and plant biodiversity.
Ecosystem Disturbances Generated by Increased
Livestock Production
This chapter has shown that there are numerous ways in
which agricultural land and water-related activities may
influence ecosystem determinants and therefore disturb
ecosystem production and functioning. The roles that
freshwater plays in the landscape as it circulates as the
bloodstream of the biosphere mean that changes in livestock production systems will be reflected in alterations
in ecosystem processes and functions and ultimately in
the ecosystem services provided. The chapter has developed a knowledge-based matrix for analyzing the impact
of livestock production in terms of ecosystem alterations,
shown in Figure 7.6.
There has been concern about emerging blue water
scarcity and how much additional water will be required
for increased feed production. Yet the most recent assessment suggests that the blue water component related
to livestock is probably small, currently some 300 km3/
year (Steinfeld et al., 2006). Moreover, it is probable
that future blue water use for feed irrigation will remain
limited (Molden 2007). However, water-mediated ecological consequences originate less from blue water use
for irrigation of feed production and livestock drinking,
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servicing, and processing than from green water use and
altered land use and land management practices that
change rainwater partitioning at the ground surface.
Increased feed production basically implies increased
green water use, with possible consequences for runoff production and therefore stream flow. Land cover
changes can increase green water flows if crops replace
grasslands or drastically decrease flows when forests are
removed for grazing. Just as changes in land management practices, such as increased animal densities or use
of heavy machinery, can affect water processes, in these
cases increasing runoff and reducing infiltration.
Thus increased livestock production will affect green
water as well as blue. Since food production will have
to expand to feed a growing population and meet nutritional improvements as well as new preferences when
urbanization expands further, considerable increases
may be expected in blue as well as green water use, with
consequent effects on ecosystems. Significant changes
in water determinants are likely to generate alterations
in ecosystem processes, resulting in changes in ecosystem functions and ultimately in the ecosystem services
provided.
The provision of livestock goods and services is
based on functioning ecosystems. Ecosystems are complex, adaptive systems that are characterized by nonlinearity (Levin 1999), multiple states (Scheffer and
Carpenter 2003), threshold effects, and time-lags (Jackson 2001) between the onset of resource extraction and
consequent changes in ecological communities and, thus,
variability and limited predictability (Folke et al., 2004).
An increasing number of studies show the existence of
thresholds in ecosystems and provide examples of unintended ecosystem regime shifts (Gunderson and Pritchard 2002, Scheffer et al., 2001, Scheffer and Carpenter
2003, Walker and Meyers 2004). These shifts are associated with changes in the ecosystem services provided by
these systems to humans and often have negative consequences for human societies. Whether or not the hydrological changes discussed here will trigger a rapid regime
shift is still speculative (Gordon et al., 2008). However,
increasing studies concerning the savannization of the
Amazon, changes in the African and Asian monsoons (Fu
2003), and rainfall changes in West Africa (Zheng and
Eltathir 1998) show potentially dramatic changes that
may be irreversible. Therefore, it is urgent that humans
take responsibility for stewardship (Falkenmark 2003)
and actively manage for the uncertainty faced today in
terms of how ecosystems will respond in the future to
anticipated intensification of livestock production (Steffen et al., 2004).

Conclusions: Future Choices and Trade-offs
The relationship of livestock production to freshwater resources and ecosystem functioning needs further

research. This chapter provides a framework to increase
understanding of the role of water in dynamic landscapes
and ecosystems and uses this framework for livestock
production. Although this linear, simplified approach
does not capture the dynamic feedbacks in social–ecological systems, it provides a more systematic way to
examine what changes in livestock production systems
can mean for ecosystem functioning and the ecosystem
services provided.
In its scenario chapter (de Fraiture et al., 2007), the
Comprehensive Assessment estimated that the production of cereals for feed will rise from 645 Mton/year by
2000 to 1,010 Mton/year by 2050, corresponding to a
production increase of 55%. Such production increases
will involve considerable agrosystem changes. The waterrelated changes caused by these agrosystem changes have
been estimated by Rockström et al. (2007), based on the
water required to produce the recommended 3,000 kcal/
day (FAO 2003), of which 20% is animal protein, for
92 developing countries. Calculations based on water
productivity data in the literature (see Rockström et al.,
1999), estimate that 4 m3 of water is used per 1,000 kcal
consumed. Linking the different categories of changes
in that study with the agrosystem changes considered in
this chapter, it can be tentatively stated that the scales of
water flows involved related to anticipated agrosystem
changes will be of three principal types:
• Increased blue water withdrawal. Irrigated feed
production is estimated to rise from approximately
300 km3/year to some 500 km3/year by 2050 (derived
from Rockström et al., 2007)—that is, almost
doubling. This would lead to further stream flow
depletion and would influence the habitats of aquatic
ecosystems in the rivers concerned.
• Land cover change. Agricultural production areas
can expand by some 450 Mha, or by 50%, by
2050. These will certainly involve some land cover
changes. On the one hand, land cover changes that
increase canopy on feed-producing croplands can
increase ET. On the other hand, if the opening of
new grazing lands involves the transformation of
forests to grasslands and marginal croplands, this
implies an overall reduction of ET by some 2,200
km3/year (Gordon et al., 2005) and an equivalent
increase of runoff. Thus there are large changes in
the hydrological cycle associated with land cover
changes.
• Altered land management practices. Practices can be
changed to improve water productivity by finding
ways to turn evaporation into transpiration. This
will depend on improved infiltration and plant
water uptake and can involve some 1,500 km3/
year of water that now evaporates but could be
brought into the soil. This is an amount of the same
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order of magnitude as the water consumed for
feed production in 2000 (de Fraiture et al., 2007).
Land management practices may also be expected to
improve rain capture through rainwater harvesting,
reducing overland flow, and are estimated to
provide some additional 900 km3/year for feed grain
production (Rockström et al., 2007). This corresponds
to an approximate 60% increase in the current water
use for feed production mentioned earlier.
These projections of water quantities involved in future
feed-production-based livestock production suggest that
the water implications may be quite considerable. The
many ways in which ecosystem services may be disturbed
by livestock production expansion in the next four to five
decades will therefore require the development of strategies and policies for knowledge-based trade-offs between
water for meeting increasing demands in terms of human
animal protein supply and water for secured ecosystem
production and functioning.
Most of the water involved in meeting the water
requirements in livestock production is currently green
water influenced by changes in biomass production, land
cover, and land management practices. The alterations
are by no means limited in size, since they involve green
water use increases in the order of 50% or more. Green
water flow figures are much larger than blue water flows;
in fact, estimated changes of green water tend to be one
order of magnitude larger than for blue water. This shows
how important the green water perspective is for estimating the ecosystem impacts of an expanding livestock
production and provides further support for the call
to reconnect livestock to the land (Naylor et al., 2005).
What the world faces is therefore a future full of
choices and trade-offs, as well as a future of uncertainty
and potentially rapid change (Folke et al., 2004, Kates et
al., 2001). To secure ecosystem protection, future water
management needs to expand its blue water focus—that
is, where aquatic ecosystem protection is addressed by
directions of minimum stream flow to be left in the river
(so-called environmental flows). A shift in thinking will
be essential so that green water is properly addressed,
and integrated water resources management is extended
to incorporate land use. One of the largest challenges we
face today is that we, through our changes, have substantially altered the ecological controls for many of
Earth’s freshwater systems (Gordon et al., 2005, Meybeck 2003). The magnitude of the effects on ecosystem
production and functioning and the risk for passing
thresholds will have to be urgently evaluated.
Three main research challenges emerge from this
synthesis:
• Better data are needed from studies that can illustrate
how water determinants are linked to more specific
ecosystem services.

• Although there are several global models of land–
water interactions, these are generally too coarse
to include the interactions of water determinants
and ecosystem services. More specifically, while
they include land cover characteristics they cannot
deal with changes in management practices (such
as rotational grazing, buffer-zones along rivers, or
fine-scale nutrient management) in agricultural land.
It is therefore currently not possible, at the global
scale, to model the effects on ecosystem services of
changes in ongoing land use practices, although this
may be the area where most potential lies in terms of
securing ecosystem services and avoiding trade-offs.
• Finally, this discussion has mainly used a
linear cause–effect analysis of changes in water
determinants on ecosystem services. In reality, these
relations include complex feedbacks that often lead
to nonlinear responses in the behavior of ecosystems
as well as of hydrological systems. Researchers must
do more to include these feedbacks in their analyses
and case studies.
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Global Livestock Impacts on Biodiversity
Robin S. Reid, Claire Bedelian, Mohammed Y. Said, Russell L. Kruska, Rogerio M. Mauricio,
Vincent Castel, Jennifer Olson, and Philip K. Thornton

Main Messages
• Livestock are having widespread direct and indirect
impacts on the foundation of all life—biodiversity,
which signifies the number and diversity of genes, species,
populations, and ecosystems. These impacts affect
every square kilometer of Earth—on land, in the sea, and
throughout the atmosphere.
• The overall driving causes of biodiversity loss through
livestock are similar to those for other aspects of
the environment and include the increasing demand
and consumption of milk, meat, and eggs, which
leads to a greater need to grow crops and harvest fish to
feed livestock. These causes are getting harder to monitor
because of long food chains, where impacts occur far from
consumers.
• The impacts of livestock on biodiversity are principally
negative, although there are some positive impacts as
well. The effect of livestock on biodiversity depends on the
magnitude (or exposure) of livestock impacts, how sensitive
biodiversity is to livestock, and how biodiversity responds to
the impacts.
• The negative impacts of livestock on biodiversity
include heavier grazing impacts on plants and
animals when livestock populations expand;
biodiversity loss from forests as pastures and croplands for
feed expand in the tropics (often driven by long-distance
trade in feeds); emissions of greenhouse gases that cause
climate change and then affect biodiversity; diseases
spread by livestock to wildlife; simplification of landscapes
through intensification; competition of livestock with
wildlife; pollution of watercourses with nutrients, drugs,
and sediments, with related effects on aquatic biodiversity;
native biodiversity loss through competition with nonnative
feed plants; and overfishing to create fishmeal for livestock.
• The positive impacts include increasing efficiency of
production, where fewer natural resources are used for

•

•

•

•

each kilogram of milk, meat, or eggs produced; increased
species diversity in moderately grazed pastures; and
pastoral land use protecting wildlife biodiversity in savanna
landscapes.
While livestock have many direct impacts on
biodiversity through trampling, grazing, and
defecation, the bigger impacts appear to be
indirect—through deforestation to create pastures;
emissions of methane and other greenhouse gases; the
growing feed trade; and the pollution of streams, rivers,
lakes, and oceans.
Effects on marine systems are multiple and
unexpected, through fish harvest for fishmeal, coral loss
through climate change, introduction of marine invasion
species, and probably dust-transmitting pathogens
reaching coral reefs.
The impacts occur together in ecosystems in what
might be called syndromes. In the extensive dryland
syndrome, on the wetter fringes of the vast drylands,
rangelands are contracting to make way for cropping and
settlement, with significant impacts on biodiversity. In a
second syndrome, affecting dryland key resources like
towns, markets, riverine areas, and wetlands, livestock
grazing is heavy, wildlife are all but excluded, and only
plants tolerant of heavy grazing thrive. In the more
productive forests, the deforestation/reforestation syndrome
means pastures signify either massive biodiversity loss
in tropical rain forests or valuable sources of biodiversity
in abandoned pastures that are being reforested in the
temperate regions. In drier forests and woodlands used
more intensively, the simplified intensive system syndrome
is evident: where invasive species are pervasive, wildlife
are gone, nutrient pollution is common, and biodiversity is
simplified and homogeneous.
One considerable gap in understanding includes
whole ecosystems or whole region assessments of
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the total impacts of livestock on biodiversity, based on
useful tools like life cycle approaches. Another gap is the
estimations of what will happen to biodiversity in the future
as the demand for meat, milk, and eggs continues to grow.
This suggests that one next step is a set of scenarios,
based on the information in this assessment, that show
different possible alternatives futures for biodiversity, driven
by the multifaceted impacts of livestock.

Introduction
The diversity of life on Earth, or biodiversity, is the foundation for its environment and thus the foundation for
the survival, health, wealth, and happiness of human society (MA 2005a). This diversity contains all the genes
that humans have manipulated throughout history to
create more productive and adapted crops, livestock,
trees, and fish (Diamond 2002), which are the basis of
the human food chain. More important than these very
visible services that biodiversity provides to human society are the less obvious ways that biodiversity (and other
factors) creates a viable and stable planet for life on
Earth as compared to nearby planets. For example, the
great diversity of genes, populations, species, and ecosystems on land and in the sea allows the environment to
recover more quickly from stress like droughts, floods,
or pollution; in turn, it allows human societies to survive, adapt, and be resilient to change, buffering human
society from both “natural” and “human-produced” environmental stress (Folke et al., 2004). This diversity can
thus be thought of as the safety net for life on Earth by
creating system redundancy and dampening variation in
critical ecosystem services (see, e.g., Srivastava and Vellend 2005). And livestock are a major force in shaping
Earth’s native biodiversity and contributing to its domesticated biodiversity (Steinfeld et al., 2006).
It is common to define biodiversity in a cascade
of scales from small to large as the diversity of genes,
populations, species, and ecosystems on the planet. Biodiversity can also refer to the diversity of functional
groups (species with similar functions in the environment, such as pollinators), endemic species (those found
only in a limited area and nowhere else), and life forms
(plants differing in structure, such as vines, leafy herbs,
and trees) (Dirzo and Raven 2003). Biodiversity usually
does not refer to the diversity of human ethnic groups
or societies. But the term does include the diversity of
domesticated plants and animals, like crop varieties
and livestock breeds and species (MA 2005a). Because
of the large scale of human impacts on native species
and the millions of native species in existence (most of
which are still unknown to science), the impacts of people on the few thousand domesticated species usually receives less attention than impacts on native species (Sala
et al., 2000, MA 2005a). This is the case in this chapter
as well.

Biodiversity at the species level is in double jeopardy
today because there is limited ability to keep track of
species loss, although it is known to be pervasive. Keeping track requires knowing what species exist. But scientists have only a vague idea how many exist: there
are between 3 million and 30 million species, of which
only 2 million are now known to science (May 1990,
MA 2005a). By tracking known species, Pimm and colleagues (1995) estimated that biodiversity loss today is
100–1,000 times faster than before humans started affecting ecosystems and that the loss may increase tenfold
by the end of the twenty-first century.
What is the role of people and livestock in extinguishing Earth’s biological diversity at unprecedented
rates? People eliminate or reduce the diversity of genes,
species, populations, and ecosystems by changing habitats of native species to other uses, introducing diseases
through the spread of pathogens, introducing nonnative
plant and animal species, overharvesting plants and animals, and causing the climate to change (MA 2005a).
Acid rain, the deposition of nitrogen, and increased
atmospheric carbon dioxide (CO2) are also important
(Sala et al., 2000). There is strong agreement that degradation and loss of habitat are the most important causes
(Chapin et al., 2000, Sala et al., 2000, MA 2005b), with
climate change a close second (Thomas et al., 2004). As
described in this chapter, livestock are part of all these
more general causes of biodiversity change, and they
have a special role in pollution (Steinfeld et al., 2006).

Broad Trends in Livestock Related to Changes
in Biodiversity
Overall, global trends in human society cause changes
in the livestock sector and, in turn, these changes initiate
local and global environmental changes that affect biodiversity directly. (See Figure 8.1 in the color well.) Some
trends magnify the impacts of livestock on biodiversity
while others lessen it. And the importance of these trends
is not the same everywhere, differing on land and in the
water and by the type and intensity of livestock production. There are also important follow-on effects of biodiversity maintenance or loss on other ecosystem services,
and feedbacks to human society, but these, although very
important, will not be covered in this chapter.
The most important trend is the rising demand for
and consumption of livestock products, particularly in
the developing world. Already the global livestock sector
provides livelihoods for 1.3 billion people, constitutes
40% of total agricultural output, and is growing faster
than any other part of agriculture (Steinfeld et al., 2006).
As consumer incomes rise, people eat more animal foods
and fewer staples, like cereals and root crops (Bennett
1941). This can also happen without a rise in income
when rural populations move to cities (Leppman 1999).
Production of meat and eggs is rising faster than human
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population, although milk output has not risen as fast
(see Chapter 1). These trends are strongest in the developing world, and, particularly in Asia, will continue in
the future (Rosegrant et al., 1999). Add rising meat and
milk consumption to human population growth (Chapter 2), and the stage is set for the consumption of meat
and milk to nearly double from 2002 to 2030 in the developing world, while rising less than 20% in industrial
countries (Steinfeld et al., 2006). Globally, this means
that the production of livestock must become far more
efficient over the next two decades just to maintain the
level of livestock impacts on the environment seen today,
much less diminish those impacts.
It is not only the production of animals that is rising rapidly but also the production of the food livestock
eat. Already, more than a third (37%) of the cereals farmers grow in their fields are fed to livestock (WRI 2005).
Pulses (legumes), starchy roots (potatoes, yams, cassava),
and oilseeds are also fed to livestock, as well as fishmeal
and the by-products of producing human food (e.g., oilcakes, the byproducts of oil production) (Bouwman and
Booij 1998). The fastest growth is in soybeans, which increased sixfold in the last 20 years (see Chapter 2). This
means that livestock are responsible not only for animalrelated impacts on biodiversity but also the impacts of
the production of plants to feed livestock, as described
later.
Unfortunately, the impacts of livestock on biodiversity are often invisible to consumers because the producers are so far away (Deutsch and Folke 2005). Food
chains are becoming longer and more complicated in the
developing world (Reardon et al., 2003), as food travels farther from farm to plate and passes through more
hands along this chain. Because of the strong movement
of rural populations into urban centers, many consumers
live far from farms even within their own countries. And
as trade in agriculture expanded 1,000% since 1960 (see
Chapter 1), these chains spread horizontally across the
entire globe in a spider web of complicated connections.
For example, demand for soybeans from Brazil in
both Europe and China has jumped in the last decade, as
Europeans partially shift away from livestock by-product feeds to soy feeds in response to “mad cow” disease
and as Chinese pig and poultry production grows (Naylor et al., 2005, Nepstad et al., 2006). In Sweden, almost
80% of the feed to support livestock in 1999 came from
abroad, often from far away, dominated by soybean cake
from Brazil and palm oil seeds from Malaysia and Indonesia (Deutsch 2004, Deutsch and Folke 2005). Food often travels through a few, centralized supermarket chains
far away before consumers buy it (Reardon et al., 2003).
In addition, new concerns over food safety and the demands of the supermarket chains mean that farm products often need to meet a limited set of standards that
simplify and homogenize the products themselves, the

types of animals that produce them, and the farms and
landscapes that support livestock (see Chapter 1).
Other important trends for biodiversity are changes
in the type of meat people eat. Worldwide, consumers
are eating more meat from pigs and poultry, which are
monogastrics and emit little methane, and less meat from
cows, sheep, goats, and camels, which are ruminants and
emit significant methane (see Chapter 1). Monogastrics
not only emit less methane, they appear to emit as much
or less nitrous oxide, another greenhouse gas, as ruminants do (Steinfeld et al., 2006). Thus this shift may reduce greenhouse gas emissions, slow climate change, and
slow impacts on biodiversity. In addition, pigs and poultry are more often produced in intensified systems in the
Americas, Asia, and Europe (Gerber et al., 2005; see also
Chapter 4), thus this dietary change will shift the impacts
of people through livestock away from more extensive
systems to the more intensive ones. In these systems, especially if they are industrial, farmers and industries produce meat with little tie to the local land base (Naylor et
al., 2005), immediately losing the nutrient recycling that
occurs in tightly coupled crop–livestock systems. This
means that pollution from livestock will affect biodiversity more and more in the future.
On the positive side, farmers now produce livestock
more efficiently: milk, meat, and eggs take less water and
feed to produce than they did in the past. In relation to
biodiversity, this trend may “save land for nature” (Tilman
et al., 2002) and slow the loss of biodiversity caused by
livestock. Communications and transport are also becoming more efficient (see Chapter 1), which may reduce the
environmental impacts of the livestock sector.

Effect of Livestock Production and Consumption
on Genes, Populations, Species, and Ecosystems
Most concerns about livestock and biodiversity surround
visible impacts directly connected to livestock, such as
farmers felling trees to clear rain forest for pasture, or
goats walking through bare soil on a livestock trail in the
Sahel. The connection between these events and livestock
are obvious and strong. There has been more scientific
work in specific places on how livestock herds affect
plants and soils, as described later, but it is now apparent
that some of the most important impacts on biodiversity
may be indirect or even largely invisible and global. On
the surface, for example, clearing rain forest or savanna
to cultivate soybeans seems unconnected to livestock, yet
many of these soybeans become livestock feed (Nepstad
et al., 2006). Another indirect impact is climate change,
of which an estimated 18% can be attributed to the livestock sector (Steinfeld et al., 2006). As difficult as it is to
see these indirect impacts, the picture becomes even less
clear when livestock impacts combine with other common human and environment-driven causes of biodiversity change. The complexity of the impacts means there
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can never be a complete picture of livestock impacts on
biodiversity.
People, through livestock, can have negative, neutral,
and possibly positive impacts on the diversity of genes,
populations, species, and ecosystems, as Figure 8.1 indicated. Negative impacts are rife where large numbers
of livestock graze and trample the land heavily or where
soils, plants, animals, or whole ecosystems (e.g., rain
forest) are particularly sensitive to the way people manage the land to produce livestock (e.g., land clearing, intensification). But there appear to be some surprisingly
positive impacts of livestock on biodiversity, especially
where livestock grazing prevents people from using land
in ways that are less compatible with biodiversity.
What determines, generally, how much people affect
biodiversity through livestock? One way to consider this
is to borrow a framework used to measure vulnerability of human populations to droughts and other stresses
that focuses on the exposure, sensitivity, and resilience of
biodiversity to livestock (e.g., Turner et al., 2003). Exposure refers to direct and indirect actions of livestock
themselves, including the duration, magnitude, and frequency of their impacts on biodiversity (species, ecosystems). Sensitivity is an inherent character of a species or
ecosystem itself and measures how likely biodiversity is
to change once exposed to livestock (e.g., slow or fast
species loss). Resilience refers to how well biodiversity
copes with or responds to livestock impacts.
For example, clearing tropical rain forest for pasture
has such strong impacts on biodiversity because the exposure is high (removal of the forest), the forest supports
many and very sensitive species, and forest species are
less able to cope with (or are less resilient to) clearing because of the massive change of the structure of their habitat. On the other hand, savannas that receive significant
rainfall in Africa have supported livestock for thousands
of years, and wild grazers for millions of years, and thus
their sensitivity to livestock grazing is reasonably low. It
may seem simple to predict the impacts of livestock with
a framework like this, but as indicated below, different
types of species and ecosystems react differently to livestock grazing, with several different responses in a single
plant community at a single time (Stoddart et al., 1975,
Vesk and Westoby 2001).
How much of Earth’s biodiversity is likely influenced
by people through livestock? All species and ecosystems,
whether they are in protected areas, in Antarctica, or in
the sea, are affected by livestock through climate change.
This probably includes the majority of the 30 million or
so species on the planet. Livestock are a threat to biodiversity in about a third of Earth’s biomes and two-thirds
of Earth’s biodiversity hotspots (Steinfeld et al., 2006).
They are a major cause of biodiversity loss in Latin American rain forests and the Brazilian cerrado, and probably
in some of Earth’s marine dead zones, through nitrogen
pollution, as in the Gulf of Mexico. So far, livestock do

not appear to be a major direct cause of biodiversity loss
in most forest systems other than in Latin America, in
very cold regions, or in the deep sea.
One way to visualize likely direct impacts of livestock
on biodiversity is to map how many livestock (cattle,
sheep, and goats) are close to parks and reserves around
the world. (See Figure 8.2 in the color well.) Around
forested parks and reserves, people often need to clear
forest to create pasture for livestock, and these pastures
often do not support as many native species as the intact
forest does. The pasture often serves as a “sink” for forest biodiversity, with fewer and fewer native species in
pastures farther and farther from the forest edge (e.g.,
Pulliam 1988, Ricketts et al., 2001). Around grassland
parks and reserves, the impacts of livestock are not
nearly as strong, but some species groups, like large
mammals, can suffer from conflict with livestock for
forage and water (Prins 2000). More generally, savanna
parks surrounded by more people (who also keep livestock) lost more ungulate, carnivore, and primate species in the last 30 years than those surrounded by fewer
people (Brashares et al., 2001).
In a map of densities of livestock in close proximity
to parks and reserves, livestock are not particularly abundant around many protected areas, particularly those in
the cold lands in the north. But in much of the tropics,
India, China, eastern North America, Europe, and New
Zealand, many livestock live close to protected areas and
are a potential threat to the biodiversity these areas protect. Of particular concern are the “at risk” protected
areas within biodiversity hotspots: eastern Africa, particularly the Horn and Rwenzori range; Madagascar;
along the west coast of India; the Himalayas; southern
Europe and eastern Asia; the Amazon and southern Brazil; northwestern Colombia, Ecuador, and Venezuela;
most countries of Central America; and southern Mexico. Even protected areas that are not in hot spots are
important for some rare and endangered species, such
as those in the eastern United States and central Europe,
India, China, and New Zealand.
Most of the remainder of this chapter describes eight
different major impacts that people have on biodiversity
through livestock, followed by a discussion of the relative importance of these impacts. Each section considers
the balance of the negative, neutral, and positive impacts
as far as they are known at this time.

Impact 1: Broad-Scale Habitat Loss and
Fragmentation through Livestock Production
The growing demand for livestock globally is pushing
four general trends or processes of habitat change at
broad scales that all affect biodiversity, both negatively
and positively. These four trends are different in wetter
forests or woodlands, where rain is sufficient to support
crop cultivation, versus drier savannas, steppe, or deserts,
where crop cultivation is limited to areas with irrigation
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or local groundwater. The first trend is that of expansion (often called extensification) of the area grazed or
the land ploughed for feed crop production. In dryland
systems, herders extend livestock grazing into places previously inaccessible to them, perhaps because of newly
built water points. In wetter forests or woodlands, farmers and herders clear land to grow more pasture or cultivated feeds. Even though there are few places on Earth
where new land is available to support this expansion
(Rosegrant et al., 2001), agricultural land is still expanding in more than two-thirds of the world’s countries (MA
2005a). The second trend is intensification, where farmers and herders concentrate more resources (labor, capital, natural resources) from within and outside farms to
produce more livestock or feed crops on the same unit
area of land (e.g., Boserup 1965). If this increase in intensity of inputs per unit land is also accompanied by
an increase in productivity (e.g., more kg of meat produced per mouthful of feed), then total environmental
impacts may decline. For feed crop cultivation, farmers
add more plant inputs like fertilizer, water, and pesticides. The third trend is contraction of rangelands, the
mirror opposite of expansion of grazing, where herders
become farmers or incoming migrants cultivate or settle
in rangelands or governments establish protected areas
in rangelands, thus shrinking the area grazed. The fourth
trend is abandonment, where farmers and herders leave
former grazing areas in pastures to regenerate into the
pregrazing vegetation (such as a forest).
Deforestation: Pasture Expansion in Forests
and Woodlands
Probably the best known example of extensification
caused by human demand for livestock products is deforestation in the wet tropics. Before the 1990s, farmers
and ranchers cleared rain forest and woodland, sometimes to secure ownership, and they grazed cattle on the
new pastures (Schmink and Wood 1992, Fearnside 1993,
Hecht 1993). But more recently, as noted earlier, farmers
started to clear forest to plant soybeans to feed livestock
(Hecht 2005), and this is now outstripping the clearing
of forest for pasture (Morton et al., 2006, Nepstad et al.,
2006). Although forest loss is common across the tropics and subtropics in Latin America, Asia, and Africa,
it is only in Latin America that livestock are clearly the
primary cause (Lambin et al., 2003). Deforestation occurs not only in the Amazon but across Latin America
in other biodiverse ecosystems, such as the forested uplands of the seasonally flooded Pantanal and the cerrado
savanna woodlands (Seidl et al., 2001).
Tropical deforestation is so devastating because rain
forests support more species than any other biome on
Earth. Covering only 7% of Earth’s surface, these forests
may contain up to 50% of all species in existence (Myers 1988). Many of these are limited only to a forest in
a particular region or to a particular area within a large

forest. For example, 700 species might be found in just
10 hectares—the same number as found in all of North
America (Wilson 1988). Thus rain forest systems are
particularly vulnerable (or sensitive) to clearing because
the number of species per unit area is very high and the
distribution of those species is often so limited. Wilson
(1988) estimated that 10,000 species are lost per year in
rain forests because of deforestation.
Compounding this situation, as mentioned earlier,
rain forest environments are very sensitive to change. For
example, removing even a single tree can affect lizard assemblages in the Amazonian rain forest, favoring predators that may strongly affect populations of smaller prey
species (Vitt et al., 1998). As clearing continues, smaller,
isolated forest patches support fewer bird species than
large patches that are close to other patches (Ferraz et
al., 2007). Most species that have adapted to the cooler
shady conditions of the forest floor are completely unsuited to life in a newly cleared cow pasture. For example, a study of raptors in French Guiana indicated that
patches of up to 300,000 ha may be needed to ensure the
representation of all raptor species in a tropical rain forest (Thiollay 1989).
Recently ecologists have discovered powerful connections between small forest openings and larger forest loss. Farmers and ranchers often use fire to clear and
maintain forest openings. Unfortunately, these small
openings dry out the surrounding forest, making it more
susceptible to second and third fires, and each successive
fire is more severe (Cochrane et al., 1999). With each
fire, the forest opening enlarges, drying out more fuel at
the edge, making the forest more susceptible to burning
again. Forest patches burned only three times can lose
up to 96% of their forest species, replaced by common
exotic weeds that outcompete regenerating forest tree
seedlings (Cochrane and Schulze 1998).
Intensification and Native Biodiversity
Herders and farmers often intensify their production of
livestock by adding more inputs per unit land through
improving feed and watering, using more productive
livestock breeds, controlling livestock diseases better, and
using other means mentioned earlier. In more extensive
dryland systems, intensification creates a land use, commercial ranching, where herders build fences and water
points (discussed further later), which fragments grasslands and savannas into smaller areas (Huenneke and
Noble 1996, Geist and Lambin 2004, Hobbs et al., 2007).
Here, fragmentation can cut migration routes of wildlife
entirely (Boone and Hobbs 2004), but more subtly it can
reduce the diversity of grazing-sensitive, native plant species, even far from waterpoints (Landsberg et al., 2003).
As ranching intensifies further, commercial ranchers will
also often grow improved pasture species, some of which
are native plants but others of which are exotics. Within
most dryland landscapes, irrigated cultivation—which is
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an even more intensive use—is possible in small pockets along rivers, where groundwater collects and where
wells and boreholes allow (Scoones 1991).
Some of these irrigated crops may be used to feed
livestock, but more often farmers grow human food here.
In the most intensified case, farmers and settlers around
towns and cities in drylands bring in most feed and water
from outside their farms to livestock. The most intensified systems are industrial feedlots or poultry operations
where there is no direct connection between land and
livestock production (Naylor et al., 2005). When comparing these ways of producing livestock, a simplistic
view is that native biodiversity generally declines with
intensification locally, where the direct impacts of intensification are largely negative. However, if this production is more efficient (and productivity increases), it may
“save land for nature” by reducing the amount of land
needed to produce livestock.
In areas where livestock and crop production are not
limited by rainfall (which were often originally forests
or woodlands), livestock production can become much
more intensive than in most drylands, following a similar general sequence. Here, “natural” ecosystems, which
are often forests because of rainfall, are first cleared
as farming, and grazing expands (extensification); native biodiversity declines, as in the deforestation case
described earlier. As land becomes more scarce, farmers and grazers begin to intensify production, including
linking crops and livestock in the same system, or mixed
farming (McIntire et al., 1992). At a small scale, farmers
in these linked and moderately intensified systems cycle
nutrients from livestock to crops (Tarawali et al., 2004)
and usually maintain a diversity of vegetation patches
on their farms, like woodlots, hedgerows, and home
gardens (Altieri 1999). These highly diverse landscapes
are very attractive to many plants and smaller animals,
like butterflies, birds, small mammals, reptiles, amphibians, and insects (Wilson et al., 1997, Altieri 1999, Daily
et al., 2001, Ricketts et al., 2001, Boutin et al., 2002).
But mixed farms also attract invasive species of plants,
small mammals, and insects, particularly where grazing and cultivation are heaviest (e.g., Vitousek et al.,
1997b). Farmers and settlers usually exterminate all the
dangerous and damaging animals that kill livestock and
people or damage crops (Woodroffe and Ginsberg 1998,
Hoare 1999, Naughton-Treves and Treves 2005). Thus
the large carnivores and herbivores disappear at this
stage, along with native plants sensitive to human use.
But other smaller species can persist even in heavily used
landscapes (e.g., Maestas et al., 2003).
These integrated systems, which can support significant biodiversity, become disconnected in the next stage
of specialization (Naylor et al., 2005). Here, livestock
farmers often specialize in a particular species, such as
dairy cattle, pigs, or poultry. These enterprises range
from small-scale dairies and pig/poultry farms to large-

scale agribusiness owned by multinational corporations.
These “industrial” and “smallholder landless” systems
are found in the eastern half of the United States, Europe, southern Brazil, Ecuador, central Mexico, China,
the Near East, and Southeast Asia (Steinfeld et al., 2006).
In the process of intensification, farming landscapes lose
their previous complexity, many species disappear (Altieri 1999, White and Kerr 2007), and heavy nutrient
loads from concentrated manure pollute waterways and
damage aquatic species (Rouse et al., 1999). The diversity
that forms the foundation of Earth’s life-support system
is much diminished as these specialized systems spread,
as landscapes become more homogeneous, as insects and
animals that control pests decline, and as weeds become
more widespread (Matson et al., 1997, McKinney and
Lockwood 1999, Smart et al., 2006).
Not only are intensive systems themselves poor in
biodiversity, but they “export” their biodiversity impact
to other ecosystems around the world because they need
to import concentrated feed, water, and a wide range of
drugs for livestock (de Haan et al., 1997). It is difficult
to trace fully the more complex and less visible impacts
of livestock on biodiversity, but attempts to do so show
they are significant and far-reaching (Deutsch and Folke
2005, Steinfeld et al., 2006). Probably the biggest impact
exported from these farms is the clearance of land, the
addition of fertilizers and pesticides, and the transport
needed to produce feed for livestock (covered in detail
later). But everything else associated with these systems
usually comes from outside: the transport for human labor to run these operations, the construction materials
to build feedlots and slaughterhouses, the veterinary and
pharmaceutical industry that supplies drugs, and many
other elements.
Intensification and Livestock Breed Diversity
While the major biodiversity losses during intensification concern “wild” species, livestock breed diversity often also plummets during intensification (Matson et al.,
1997). Domestication of livestock began 12,000 years
ago and has evolved through the selective breeding efforts of farmers to produce several thousand domestic
animal populations (Hoffmann and Scherf 2006). But
today the increased demand and growth in consumption
of livestock products relies on increasing a few livestock
breeds that are highly productive. Of the 30–40 mammalian and bird species recognized as domesticated,
fewer than 14 account for 90% of global livestock production (UNEP 1995). And this limited diversity of livestock often depends on a limited number of crops for
feed. Data collected on domestic animal diversity in 170
countries identified 6,379 livestock breeds, of which 740
were recorded as extinct and 1,335 are classified at a
high risk of loss (Scherf 2000). These figures represent
a 13% increase in the number of breeds recorded at risk
from 1993 to 2000 (Scherf 2000). Less productive but
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genetically valuable breeds are continually threatened
with extinction. For example, scholars estimate that 1 of
the 44 Eurasian cattle breeds may be lost by 2050 (Bennewitz et al., 2006).
A reduction in breed diversity may result in a reduced
resistance to diseases, as pathogens can spread more easily when their hosts are uniform and abundant (Tilman
et al., 1999). For example, only a few local breeds of
cattle in west and central Africa are resistant to trypanosomes, a parasitic disease transmitted by the tsetse fly
(Murray et al., 1990). Loss of this diversity would extinguish the information about disease resistance locked in
the genes of these few breeds.
In the case of highly pathogenic avian influenza
(HPAI or bird flu) H5N1, the severity of outbreaks may
have been exacerbated by lack of diversity in disease resistance in poultry to new strains (Tilman et al., 1999).
Concerns of some governments over the role of smallholder backyard flocks of poultry in the persistence of
the virus could favor exotic breeds in intensive production systems as resource-poor smallholder producers,
with their largely indigenous breeds, are forced to abandon poultry keeping (Otte et al., 2006). However, results
have shown that backyard flocks are at significantly
lower risk of HPAI infection than commercial-scale operations (Otte et al., 2006). This may suggest, contrary
to conventional wisdom, that small operations are sometimes an important safety net for poultry production in
the face of bird flu.
Breeds in Europe and North America are more at
risk than those in Asia and Africa (Scherf 2000), although data for developing countries are few. In the industrial world, intensive production systems have led to
a reduction in the use of indigenous breeds, and several
rare breeds are maintained by hobby farmers for conservation (Hoffmann and Scherf 2006). In the developing
world, indigenous breeds are central to the livelihoods
of poor people (IDLGroup 2002). For example, herders in extensive pastoral production systems of Africa
have developed well-adapted breeds that cope well with
drought, fodder scarcity, climatic extremes, and diseases
(Mathias et al., 2005). A quarter of global livestock diversity is adapted to drylands, but fortunately the loss
of livestock genetic diversity is lower here than in wetter
production systems (FAO 2006b). However, the globalization and extension of livestock markets has encouraged the replacement of indigenous breeds with exotic
ones, eroding the stock of local genetic resources (Tisdell
2003). This suggests that dryland herders play an important role in maintaining not only native diversity but also
livestock diversity.
Indirect and Positive Impacts of Intensification
More positively, if intensive systems are more efficient
than extensive systems (e.g., more meat or milk is produced for each amount of natural resource used), although

this is not always the case, the increasing efficiency can
sometimes slow the need to clear land for pasture/feed
crops or heavily graze other areas. For example, Swedish farmers rarely use low-yielding pastures for livestock
grazing today, so the extent of livestock grazing has contracted significantly since the 1960s (Deutsch and Folke
2005). Indeed, without increases in efficiency, the world
would need far more land to produce livestock today,
likely with far greater biodiversity loss.
As farming becomes more efficient, for example, less
tropical rain forest may need to be cut to produce the
same amount of beef (Angelsen and Kaimowitz 2001).
However, it is not clear that intensification of agriculture
actually saves forests from being cleared (Hecht 1989,
Angelsen and Kaimowitz 2001, Geist and Lambin 2002).
As feed crop production or livestock grazing becomes
more profitable, it can attract new migrants and accelerate deforestation for more pasture and feed crops. And
there are limits to efficiency gains; for cereal crops, the
big gains in production caused by adding nitrogen fertilizer have slowed considerably since the 1970s, although
this is more true for the industrial than the developing
world (Tilman et al., 2002).
It is tempting to assume that intensification will take
pressure off the land and biodiversity, but the reality is
that it is simply not clear if this is the case. The crux of
the matter is whether this increase in intensity is accompanied by an increase in amount of livestock produced
per amount of natural resource used. What is needed is
a full accounting of the total environmental impacts of
producing each kilogram of meat, milk, and eggs—comparing extensive systems to mixed crop–livestock systems to more-intensified systems in different contexts.
A comparison of the greenhouse gas emissions associated with beef production, for instance, shows that
for each kilogram of beef produced, greenhouse emissions are almost double in an intensive U.S. feedlot than
in an extensive Sahelian pastoral system of West Africa
(Subak 1999). Even though Sahelian cattle emit twice as
much methane as American cattle, the latter are fed feedlot corn, which is fertilized and transported by truck, resulting in double the emissions overall. This means that,
for greenhouse gas emissions at least, the extensive Sahelian system is more efficient than the intensive American
feedlot, and thus the intensive production is more environmentally damaging. This type of assessment needs
to be done for the full environmental impacts—water,
biodiversity, soils, pollution, atmospheric dust, and so
on—of production systems at different intensities.

Impact 2: Livestock Grazing as “Biodiversity
Protection”
Farmers, herders, settlers, and governments around the
world are converting rangelands into other uses like
cropland (Campbell et al., 2000), irrigated land (Blench
2000), exurban development (Hansen et al., 2002), and
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protected areas (Brockington et al., 2006). Where livestock grazing slows such conversions, livestock have a
new role in what could be called “biodiversity protection.” This happens in four different contexts.
First, in the dryland tropics, crop farmers and herding farmers (Campbell et al., 2000) extend farms and
plough rangelands for crops, a land use that is generally
less compatible with both plant and animal diversity than
extensive livestock grazing. In East African savannas, for
example, a strong cause of this change is the shift from
communal to private landownership and then the sale
of some grazing land to farmers or settlers, resulting in
a patchwork of land uses that make fluid movement of
livestock and wildlife through landscapes difficult (Reid
et al., 2004). And this trend of loss of biodiverse rangelands in these savannas is set to continue, because the
financial returns to landholders from livestock and wildlife together do not compete with the financial returns
from crop cultivation in most areas (Norton-Griffiths et
al., forthcoming).
How extensive might this replacement of rangelands
by croplands be, given human population growth and
climate change by 2050? We used the estimates of human population growth and greenhouse gas emissions
from one of the scenarios (“Global Orchestration”) in
the Millennium Ecosystem Assessment (Carpenter et al.,
2005) to develop human population and climate change
surfaces (as projected by the Hadley CM3 climate
model) to 2050. Using the extent of cropland and rangeland from the GLC 2000 (JRL 2005), we then assumed
that rangeland shifted into cropland wherever there
were more than 20 people km2 and more than 60 days
of growing period per year. In this estimate (see Figure
8.3 in the color well), almost all of the rangeland that
shifts into cropland by 2050 is in Africa, with scattered
patches on other continents. This suggests that the phenomenon of “biodiversity protection” may be uniquely
an African one.
The second example is in the drylands of western
North America, where some livestock ranchland is attractive to wealthy urban dwellers who want to move
out of congested areas or build second homes, in “exurban” development (Hansen et al., 2002, 2005). In other
rangelands, as in Australia, pastoral ranches near towns
split up into small private holdings to absorb growing urban expansion (Stokes et al., 2007). New settlers
build roads, houses, and fences; bring in exotic species
like hobby livestock and pets; and generally fragment
these former extensive ranches. Largeholder ranches in
Colorado support more native carnivores, fewer nonnative plants, and more ground nesting birds, while new
exurban homesteads have more domestic cats and dogs,
more nonnative and weedy plants, and more birds that
people attract (Maestas et al., 2003).
In a slightly different case, the contraction of

extensive grazing in Europe is allowing forest that has
been cleared for farming and grazing centuries ago to be
reestablished. Industrialization and depopulation of rural areas is a long-term trend in parts of Europe (Laiolo
et al., 2004); as a result, traditional farmland practices
and agricultural lands in remote areas with poorer soils
and harsher climatic conditions have been abandoned.
Left unmanaged, these pastures revert back to trees and
shrubs, and ultimately to forest. Low-intensity farmland systems, characterized by low nutrient inputs and
low outputs, contain more than 50% of Europe’s most
valued habitats (Bignal and McCracken 1996) and are
now the focus of numerous agroenvironment and nature
conservation schemes. Europe faces a polarization of
agriculture practices—toward intensification in one direction and abandonment of farms in the other—which
threatens many seminatural habitats like livestock pastures (Baldock et al., 1996). Out of the 195 habitat types
considered of European importance due to their high
biodiversity value (in the Habitats Directive of the European Union, 1992), 65 are threatened by intensification
of grazing and 26 are threatened by abandonment of rural activities (Ostermann 1998).
Across Europe, livestock grazing plays an important
role in maintaining valuable habitat, and virtually all
the remaining grasslands of high conservation value are
associated with low-intensity livestock systems, where
livestock graze in extensive pastureland (Bignal and McCracken 1996). In the pastures, livestock grazing creates
and maintains structural heterogeneity, which in turn affects the number of plants and animals in pastures (Rook
et al 2004). Livestock grazing can increase grass species
richness in hay meadows (Smith and Rushton 1994),
mesic grasslands (Pykälä 2005), heathlands (Bokdam
and Gleichman 2000), and dry calcareous grasslands
(Barbaro et al., 2001).
The last context is the contraction of rangelands to
establish protected areas, which is pronounced in Africa.
Here, protected areas often maintain biodiversity better
than adjacent pastoral lands (Prins 1992), but sometimes
protected areas have no or unknown effects on biodiversity (Ward et al., 1998, Brockington and Homewood
2001). In a few cases, removal of livestock grazing to
create protected areas can have a negative effect on wildlife diversity, particularly in the wet season (Reid et al.,
2001). When protected areas prevent cropland or heavy
livestock grazing, they are very important for biodiversity protection. But outside protected areas, pastoral
grazing may be important for maintaining the diversity
of large wildlife, a pattern just emerging in Africa. Here,
the removal of grazing and burning by herders, without
its replacement by grazing and burning by conservationists, can leave grasslands long and rank, which are unattractive to small and medium-sized wildlife (poor-quality
food, risky in terms of predators) (Western and Gichohi
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1993). For example, in the Mara of Kenya, wildlife avoid
the long-grass areas of the reserve and cluster instead
around adjacent pastoral settlements (Reid et al., 2003).

Impact 3: Effects of Grazing and Trampling by
Livestock on Species Diversity and the Balance
of Trees and Grass
Negative Impacts of Livestock Grazing
While extensive livestock grazing in drylands is more
compatible with biodiversity than crop farming and
exurban development are, it still affects the diversity of
plants and animals at local scales and the diversity of
ecosystems at broader scales. One long-running controversy among experts on grazing is whether livestock do
or do not cause changes in grazing ecosystems, including
changes in biodiversity (Illius and O’Connor 1999, Sullivan and Rohde 2002, Briske et al., 2003, Vetter 2005).
Where rainfall is very variable, human populations are
low, and livestock movement is unfettered (as in many
drylands in Africa and Central Asia), recurrent droughts
force herders to move livestock frequently or often cause
major die-offs of livestock so that permanent damage
to rangeland vegetation is rare (Ellis and Swift 1988,
Fernandez-Gimenez and Allen-Diaz 1999, Sullivan and
Rohde 2002, Vetter 2005). In Mongolia, for example,
livestock had little effect on the number and composition
of plant species in dry desert steppe ecosystems but had
strong effects in wetter steppe and mountain steppe ecosystems (Fernandez-Gimenez and Allen-Diaz 1999).
Also important is the long-term history of grazing in rangelands (Mack and Thompson 1982); those
that evolved with wild grazers often change little when
people bring in livestock, like the shortgrass prairie of
the United States, which had a history of bison grazing
(Milchunas et al., 1988, Laurenroth et al., 1999) or the
savannas of East Africa (McNaughton 1979). If there is
abundant rainfall in these systems, livestock grazing actually increases the number of plant species, as described
at the end of this section.
But livestock can strongly change and diminish native biodiversity where people and their livestock concentrate and graze heavily year-round in rangelands or
where rangelands are particularly sensitive to grazing
because it is a new phenomenon there. As people concentrate around natural or artificial water sources, or
as they build towns, livestock populations remain high
even during drought. This also happens where ranchers
purchase feed to maintain livestock during dry periods if
they do not move livestock frequently to allow the vegetation to recover from grazing (Ellis and Swift 1988).
This continual heavy grazing (and the concentration of
people) can shift the composition of grasses and leafy
herbs from those palatable for livestock to those that are
less palatable (Hiernaux 1998).

Even more important for biodiversity, heavy and
sedentary grazing can discourage herbaceous plants
like grasses and leafy herbs in favor of woody plants
like shrubs and trees (Asner et al., 2004, Vetter 2005,
Rohde et al., 2006), often called woody encroachment.
Encroachment is a global phenomenon (Skarpe 1991,
Archer 1994, Van Auken 2000, Asner et al., 2004), but
it does not happen everywhere (Witt et al., 2006). This
shift to woody plants is particularly acute in arid systems
not used to grazing, with a history of light grazing by
wildlife followed by heavy livestock grazing (Milchunas
et al., 1988, Pieper 1999). For example, in the southwest United States and northern Mexico in the Mohave,
Chihuahuan, and Great Basin areas, light wildlife grazing was followed by heavy livestock grazing in the late
1800s, causing extensive woody encroachment, shifts
in plant diversity, and loss of valuable nitrogen-fixing
soil crusts (Laurenroth et al., 1999, Pieper 1999, Belnap
2003). Of particular concern are critical habitats like
ribbons of vegetation along rivers. In the western United
States, livestock grazing removes grazing-sensitive, native plants along rivers and also diminishes valuable fish
populations (such as trout and salmon) (Belsky et al.,
1999).
At a local scale, livestock also encourage the growth
of nitrogen-tolerant plants and drive wildlife away from
water points. Around water points, livestock trample
vegetation and deposit nitrogen, phosphorus, and other
nutrients in manure (Andrew 1988). Generally, this encourages the establishment of plants that are nonnative,
short-lived, and grow well in the abundant plant nutrients provided by the manure (Landsberg et al., 2003,
Brooks et al., 2006, Todd 2006). Fortunately, these
heavier grazed places are often limited to within 100–
200 m of water points (Landsberg et al., 2003, Brooks
et al., 2006).
Livestock can also drive wildlife away from water points during the day (de Leeuw et al., 2001), although wildlife can return at night to water. In the case
of the rare Grevy’s zebra in northern Kenya, this shift
to night grazing because of livestock is more dangerous
for mothers and foals, thus likely reducing population
sizes (Williams 1998). The extent of these impacts across
landscapes depends on the density of water points and
settlements. In Turkana, Kenya, for example, 95% of
the landscape is more than 5 km from a settlement or
major water point and thus lightly grazed (Reid and Ellis 1995). But in other landscapes, these impacts can be
heavy (see, e.g., Sinclair and Fryxell 1985).
Livestock grazing can also exclude or reduce wildlife
populations by changing the vegetation, competing with
wildlife for food, or passing diseases (which is discussed
later). For example, sheep and goat grazing and herding push the endangered Tibetan argali (Ovis ammon)
into less productive habitat in Ladakh, India (Namgail
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et al., 2007). Heavy grazing by horses, cattle, or sheep
reduces the number and diversity of land snails in a nutrient-poor montane grassland in Switzerland (Boschi
and Baur 2007). In the shortgrass steppe of the western
United States, heavy livestock grazing strongly diminishes the number of macroarthropods and lagomorphs
(Milchunas et al., 1998). In southwestern Kenya, some
species, like elephant, lion, and rhino, avoid herding
settlements, probably because people chase them away
to protect themselves and their livestock (Reid et al.,
2003). Herders also kill wildlife directly (Prins 1992).
Among the Barabaig of Tanzania, anyone who kills a
lion, elephant, rhino, or buffalo is rewarded with gifts
of livestock (Klima 1970). Many conflicts occur when
herders and livestock farmers move into former wildlife
habitat. For example, large cats, like jaguars and pumas,
switch to killing livestock as farmers clear Amazonian
forests for ranching, thus putting carnivores at danger
because of human encroachment on their habitat (Michalski 2006).
But are these impacts of livestock and herders completely irreversible or at least hard to reverse? If livestock
cause the extinction of a species, this is irreversible.
There is no evidence of livestock causing the extinction
of an entire species, but it is difficult to know this for
sure, because so many changes are unmeasured. More
common are changes that take decades to reverse. For
example, in a dry Karoo savanna in South Africa, it took
10 years for perennial plants to recover after sheep and
goats were removed and replaced by wild grazers (Kraaij
and Milton 2006). Other wetter savannas can remain in
a bushland state when heavily grazed by cattle, and it
requires either great expense or 30–40 years to shift back
to grassland (Westoby et al., 1989, Scholes and Archer
1997, Anderies et al., 2002, Wiegand et al., 2006).
Potential Positive Impacts of Livestock Grazing
Grazing by livestock can also maintain or boost the diversity of native plants and animals in wetter grazing
systems if grazing is not too heavy. Here, there are few
species where there is no or low grazing, many species
where there is moderate grazing, and few again where
grazing becomes heavy (Milchunas et al., 1988). Research from lakes to savannas is beginning to show that
moderate grazing by species as different as limpets and
wildebeest particularly increases plant diversity in productive ecosystems (those that are wet and rich in nutrients) (Bakker 1989, Hodgson and Illius 1996, Olff and
Ritchie 1998, Harrison et al., 2003) and has no effect
or decreases diversity in nonproductive ecosystems (dry
and poor in nutrients) (Proulx and Mazumder 1998).
The reason this happens is that productive ecosystems
often have a few species that garner all the resources,
and grazing prevents them from doing so by removing
more of the few dominant species. This applies not only

to wild grazers but to livestock too (Bakker 1989, Hodgson and Illius 1996, Olff and Ritchie 1998, Harrison et
al., 2003). But there is an important caution here: even
if plant species rise with grazing, the additional species
may be common plants or nonnatives (Belsky et al.,
1999). And when grazing is too intense, diversity can
plummet, encouraging the invasion of weeds (Milchunas
et al., 1988, Hobbs and Huenneke 1992).
Herders and their livestock may have positive impacts
on wildlife too. For example, wildlife prefer to graze on
grass atop abandoned livestock corrals in central Kenya
rather than in places far from old corrals (Young et al.,
1995). Turkana pastoralists inadvertently plant most of
the Acacia trees in their arid, Kenyan landscape by feeding their livestock seed pods from Acacia trees (Reid and
Ellis 1995). Large trees are like small ecosystems; they
support many more other species than small trees do. In
this case, large trees are not only larger, but longer lived
and structurally more complex than small trees (Dean et
al., 1999).

Impact 4: Livestock-Generated Pollution
Global and Production System Impacts
At the global level, pollution is one of the main causes
of biodiversity loss in terrestrial, freshwater, and marine
ecosystems (MA 2005a); livestock are largely responsible
for this pollution. Livestock deposit and redistribute nitrogen (N), phosphorus (P), and other nutrients directly
through manure and indirectly through the fertilizer used
on feed crops and pastures (see Chapter 6). Manure, carcasses, and fertilizers also contribute other pollutants
like heavy metals, drug residues, and sediments. These
livestock-generated pollutants, when they exceed critical thresholds, affect biodiversity directly by killing or
weakening plant and animal species and indirectly by degrading habitats. They often concentrate close to where
livestock deposit them, but when these pollutants enter
watercourses or the atmosphere, they can affect distant
lands and waters.
While livestock recycle nutrients all over the world,
these nutrients become overabundant principally in intensified livestock systems. But this can also happen in
extensive grazing systems, where manure and fertilizer
inputs are usually low per unit area and where livestock concentrate manure around settlements and water
points, as described earlier. This concentration of nutrients in particular places probably “mines” nutrients
from the wider landscape where livestock graze (Turner
1998), but the impacts of this mining on biodiversity
are unknown. Farmers in mixed crop–livestock systems
often recycle livestock wastes on crops (Tarawali et al.,
2001), which is generally the case in the developing
world. But crops grown on large commercial farms to
produce concentrate feed for livestock, more common in
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the industrial world, use significant amounts of fertilizer,
which pollutes surface and groundwater with N and P—
both close to farmers’ fields and far downstream (Galloway et al., 2003).
The role of livestock in crop fertilizer use is large;
in the United States, about 60% of the crops produced
are used to feed livestock (Howarth et al., 2002). Furthermore, manure and fertilized soils emit ammonia and
nitrogen oxide to the atmosphere that then fertilize ecosystems through nitrogen deposition in rainfall (Tilman
et al., 2002). Ammonia from livestock in intensive systems, for example, is responsible for more than 70%
of the nitrogen redeposited from the atmosphere in the
United States, Europe, and Asia (see Chapter 6).
Nutrient Pollution, Particularly Nitrogen
An overabundance of nutrients from livestock and feed
crops first affects biodiversity on land and in the atmosphere. Addition of nitrogen and phosphorus through
manure and fertilizer increases nutrients in the soil, which
generally decreases the diversity of plants, as nitrogenloving plants outcompete nitrogen-sensitive ones (Tilman
1987, Vitousek et al., 1997a, Haddad et al., 2000). Deposition of nitrogen from the atmosphere, some originating from the ammonia applied to grow livestock feed and
then emitted to the atmosphere, can cause loss of plant
species in sensitive, acid grasslands in Britain and across
Europe (Stevens et al., 2004) and even affects plants inside protected areas (Bank et al., 2006).
Fertilizer and manure runoff flow into local water
systems, polluting streams and rivers but also affecting
lakes and oceans downstream on a larger scale. Globally,
about 20% of the nitrogen produced by all sources flows
into inland waters, with 80% flowing to the sea; flows
are greatest in Asia, followed by Europe, the former Soviet Union, and North America (Boyer et al., 2006). The
livestock sector is responsible for about a third of the N
and P discharges into watercourses in the United States
(Carpenter et al., 1998, Steinfeld et al., 2006). When
excessive, these nutrients can damage aquatic species
directly (Boyer and Grue 1995, Camargo et al., 2005).
For example, about 20% of the watersheds bordering
the Great Lakes in the United States contained enough
nitrates to kill or cause developmental anomalies in amphibians, insects, and fish (Rouse et al., 1999). Marine
pollutants often stimulate the growth of bacteria that invade coral tissues and make them more prone to disease
(Porter et al., 1999). Conversely, in oak savannas of California, livestock grazing on grass reduces the amount of
nitrates that flows into local streams and keeps nitrate
concentrations below levels where it is considered a water pollutant (Jackson et al., 2006).
Not only can nutrients from livestock affect biodiversity directly but they can promote the growth of
algae and higher plants at the base of the food chain,

productivity that then cascades through the other organisms in the ecosystem (Carpenter et al., 1999). Eutrophication also creates large algal blooms, which upon decay
can deplete dissolved oxygen periodically or permanently, killing many other aquatic organisms (Rabalais
2002). For example, pig waste from industrial production systems is the main source of nutrient loading affecting water systems in China (Guangdong Province),
Thailand, and Vietnam, contributing from 14% to 72%
of the nitrogen and 61% to 94% of the phosphorus (FAO
2004). Pig waste undoubtedly caused part of the massive
algal bloom in 1998 that killed more than 80% of the
fish in a 100 km2 area of the South China Sea, a waterbody particularly rich in aquatic biodiversity (Groombridge and Jenkins 1998). Since 2002, giant jelly fish
have proliferated in this region because of the increasing
availability of zooplankton, now reaching and affecting fisheries along the Japanese coast (Kawahara et al.,
2006).
In its extreme, eutrophication can create “dead zones”
in freshwater and marine ecosystems—places with little
oxygen—and loss of seabed vegetation, benthic invertebrates, and bottom-dwelling demersal fish (Belsky et al.,
1999, Diaz 2001, Rabalais et al., 2002). While livestock
are not the only cause of hypoxia, runoff from manure
and fertilizer is partly responsible for dead zones. Hypoxia caused the collapse of the Norway lobster fishery
in Kattegat between Sweden and Denmark, the collapse
of the cockle fishery in Sommone Bay in France, and the
death of invertebrates at the base of the food chain in
many other coastal and inland areas (Diaz 2001). All of
the major dead zones are off the coasts of North America,
Europe, Japan, and New Zealand and in the inland waters of the Black, Baltic, and Caspian seas (Diaz 2001).
These dead zones are growing as nutrient inputs increase
(Rabalais 2002).
Drug and Chemical Residues, Heavy Metals
Livestock tissues and excreta—fertilizers used on feed
crops and in slaughterhouses and tanneries—affect biodiversity by introducing heavy metals, antibiotics, hormones, insecticides, and pesticides into the environment.
For example, residues of the drug diclofenac, concentrated in livestock carcasses, killed 95% of the vulture
population in South Asia in the 1990s (Oaks et al., 2004).
Hormones from livestock can affect the neurological and
endocrine development in wildlife, including cases of reproductive tract changes and cancers (Soto et al., 2004).
Wastewater from tanneries, with high concentrations of
chromium and hydrogen sulfides, may also affect morbidity and mortality of aquatic species (Galiana-Aleixandre et al., 2005). The role of livestock is significant here;
the sector consumed 37% of the agricultural pesticides
used worldwide in 2001, uses half of the antibiotics produced annually in the United States, and produces 5.5
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million tons of raw hides (Harrison and Lederberg 1998,
USDA 2001).
Sedimentation of Water Sources
The livestock sector can contribute strongly to soil erosion through heavy grazing, crop cultivation, and deforestation. In the United States, for example, the livestock
sector causes 55% of the erosion from agricultural land
(USDA 2001, FAO 2006c, Steinfeld et al., 2006). In
western rangelands, livestock graze heavily on riverine
vegetation, increasing sedimentation in streams that reduces important fish species (Belsky et al., 1999). This
erosion particularly affects freshwater species and coral
reefs along coastlines. For example, high sediment loads
are the main threat to imperiled freshwater fauna in the
eastern United States (Richter et al., 1997).

Impact 5: Emerging Livestock Diseases
Disease emergence today is largely caused by human
environmental change, driven by globalization of agriculture, climate change, commerce, and human travel
(Vitousek et al., 1997b, Daszak et al., 2001). Many human diseases originated from livestock, evolving to attack humans as people became more crowded in cities.
Livestock are a major contributor to disease emergence,
and sometimes these diseases affect biodiversity. For example, viral rinderpest, brought to Africa by imported
cattle in the late nineteenth century, spread across Africa
and killed most of the continent’s cattle and also many
of the ruminant wildlife, such as buffalo, giraffe, and
eland (Ford 1971). Bovine tuberculosis, a disease whose
natural host is cattle, is now a major disease in buffalo
in Africa, possums in New Zealand, white-tailed deer in
north central United States, and badgers in the United
Kingdom and Ireland (Bengis et al., 2002).
Livestock pass diseases to wildlife through “pathogen pollution” and “spillover” processes that often act
at the same time (Daszak et al., 2000). Rinderpest is
an example of pathogen pollution, where a previously
unknown disease in wildlife was introduced by people,
through cattle, and caused significant sickness and death
of wildlife. Spillovers occur when domesticated animals
outnumber wildlife and continually infect a local wildlife population with a shared disease until the wildlife
population goes extinct. For example, canine distemper
spilled over from the abundant populations of domestic
dogs west of Serengeti National Park into lion populations inside the park in the early 1990s, causing significant mortality (Cleaveland et al., 2000).
One of the most prominent emerging diseases, which
appears to move between poultry and wild birds (and
also to people), is the highly pathogenic avian influenza
(HPAI) H5N1 virus, or H5N1 bird flu. The disease was
first identified in domesticated geese in southern China
in 1996 (Sims et al., 2005) and in humans in Hong Kong
in 1997 (Jong et al., 1997). Thus the first outbreak of

this strain of bird flu probably occurred in livestock (domesticated geese), but this is still uncertain. In late 2002
H5N1 caused deaths among migratory birds and resident
waterfowl in two Hong Kong parks (Ellis et al., 2004,
Sturm-Ramirez et al., 2004). This was the first time an
outbreak of lethal avian influenza had been reported
in wild aquatic birds since 1961 (Becker 1966). H5N1
avian influenza has spread rapidly, with outbreaks in
poultry, wild birds, and other mammalian species in almost 60 countries and with 312 human cases, including
190 deaths (OIE 2007, WHO 2007b). More than 200
million poultry have been killed by the virus or culled to
prevent its spread (IISD 2006). The geographical spread
and numbers of infected flocks have been unprecedented
in the history of avian flu outbreaks (Sims et al., 2005).
During 2005, H5N1 outbreaks spread north and
then westward from China to Mongolia, Russia, Kazakhstan, and Europe, and in 2006 into Africa. The
spread of H5N1 in Asia and Africa was due to introductions by poultry and wild birds, whereas the spread to
European countries was more consistent with the movements of wild birds (Kilpatrick et al., 2006), although
this interpretation is debated (Butler 2006, Feare and
Yasué 2006, Fergus et al., 2006, Normile 2006, Birdlife 2007). An introduction into the Americas, where the
H5N1 strain is yet to be detected, would mostly likely be
through the trade of poultry rather than migrating birds
(Kilpatrick et al., 2006).
Regardless of the role of wild birds in the transmission of H5N1 bird flu, the potential threat to wild bird
diversity is high, particularly for birds found in inland
wetlands and along coastlines. (See Box 8.1.) The H5N1
virus has infected more than 50 species of wild birds (Olsen et al., 2006) in at least 12 of the 27 avian orders,
with most frequent infections reported in ducks, swans,
and geese (order Anseriformes, family Anatidae) and in
gulls and terns (order Charardriiformes) (Gilbert et al.,
2006). It is estimated that 84% of all bird species could
be at risk from H5N1 (Roberton et al., 2006). Pheasants, grouse, partridges, and turkeys (order Galliformes)
have the most threatened or near threatened species at
risk (39.4% of species at risk), followed by the parrots
and cockatoos (order Psittaciformes, 34% at risk) and
by medium to large waterbirds (order Pelecaniformes,
33.9% at risk) (Roberton et al., 2006). In addition, there
is the risk that many wild birds will die through culling
to prevent further outbreaks and spread of disease, even
though there is no scientific evidence to support culling
(Olsen et al., 2006). Moreover, proposals to drain wetlands as a way of deterring migratory birds would harm
much wider biodiversity than only wild birds and probably do little to control the spread of the disease (Birdlife
2005).
Avian flu threatens biodiversity well beyond wild
and domestic birds (see Figure 8.4), with some evidence
of deaths in a wide range of mammalian species already.
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Box 8.1. Poultry Density, Wild Birds, and Avian Flu
One way to visualize potential threats of avian flu to bird diversity
in the future is to map the density of poultry and their proximity
to wetlands, which shows places where chickens and wetland
birds are close to each other around the world. (See figure for
Box 8.1 in the color well.) Such a map does not suggest there
is or will be contact or transmission of avian flu between poultry
and wild birds, only that there is the potential for this to occur.
Avian flu is probably, but not conclusively, transmitted between
poultry and wild birds, and many of these wild birds are associated with wetlands.
To create this map, we took actual and predicted poultry density data from the Gridded Livestock of the World database (GLW)
(FAO 2007) and global lakes and wetlands from the Global Lakes
and Wetlands Database (GLWD) (Lehner and Döll 2004), along
with outbreak data from (WHO 2007a). All categories of water
and wetlands were included in the analysis with the exception of
the intermittent wetland/lake delineation. The remaining areas
were then expanded to include all areas within a 3 km distance of
the edge of the wetland using a buffering algorithm. Poultry den-

Two tigers and two leopards were found dead with the
H5N1 virus in a Thailand zoo in December 2003 (Keawcharoen et al., 2004). Zookeepers fed these carnivores
chicken carcasses from a local slaughterhouse. In another Thailand zoo, the virus was transmitted between
tigers, and 147 out of 441 tigers were either killed or euthanized (Thanawongnuwech et al., 2005). The potential

sity was then extracted for only the water/wetland areas and the
buffered zones. No outbreaks have been reported on the American continents, so these have been excluded.
Where does the map suggest chickens and wetland birds are
close to each other, and does this have any association with actual outbreaks of avian flu in poultry and wild birds? Or, from a
biodiversity perspective, where might wetland birds be in danger of contracting avian flu from poultry or being culled because
they are close to poultry? Poultry densities are high (more than
200/km2) and within 3 km of wetlands in eastern China, Southeast and South Asia, the Philippines, Iran, Turkey, central Europe,
northwestern South America, across Central America, eastern
and north central United States, and northern New Zealand. In
Africa, this occurs in Uganda, Nigeria, and parts of the Nile valley. These match the outbreaks of avian flu in poultry in much
of Asia and Africa, but not in the Americas and New Zealand.
There are also places where wetland birds may be at lower risk,
even though there have been outbreaks in poultry in Scotland
and western China.

role of cats in the epidemiology of the virus is still largely
unknown; however, domestic cats have been found dead
due to H5N1 in Asia and Europe (FAO 2006a, Kuiken
et al., 2006, Yingst et al., 2006, FAO 2007). In June
2005, infections occurred in a captively bred population
of Owston’s civet, a globally threatened viverrid, in a
Vietnamese national park (Roberton et al., 2006). Here,

Figure 8.4. Potential
avian flu transmission
zones between
wetland birds and
poultry, and avian flu
outbreaks, 2003–07.
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park officials did not feed the civets dead poultry, so the
source of infection remains unclear. In Germany, in early
2006, H5N1 was found in a stone marten, a Mustelidae,
presumed to have acquired its infection after feeding on
a diseased bird (Kuiken et al., 2006).
Given the broad spectrum of the virus, it is possible
that wild or domesticated mammals including pinnipeds,
mustelids, and other fur-bearing animals will become
infected by contacting infected animals (FAO 2006a).
Mammals at risk of eating infected dead birds include
carnivores, primates, rodents, marsupial carnivores, Virginia opossums, and some bats (Roberton et al 2006).
This strain of bird flu may most strongly affect those
species already endangered by people, like tigers and
leopards (Roberton et al., 2006). Of the mammalian species listed as threatened or near threatened in the 2004
IUCN Red List, 37.2% of the carnivores and 58.8% of
the primates were at risk (Roberton et al., 2006). And
if people cull chickens, they may switch to consuming
bushmeat, which is already overharvested in many places
(CBD 2006).

Impact 6: Invasive Alien Plant Species and
Native Biodiversity
People have purposely and accidentally carried species
from one place to another for millennia (Traveset and
Richardson, 2006). Most transported species do not
flourish in their new environments (Mack et al., 2000)
and go unnoticed in ecosystems and people’s livelihoods.
Others become the foundation of human food chains far
from where they originated, like maize in Africa, wheat
in North America, or sheep in Australia. About 1% of
these successful newcomers become aggressive invasives
or pests (Williamson 1996), spreading rapidly and replacing natives (Stromberg et al., 2007).
Altogether, over time, these newcomers are numerous; for example, 45% of pasture species in the United
States are nonnatives (Pimentel et al., 2005). The invasive species can spread in favor of natives because they
lack native predators, or they do well in new habitats
disturbed by people, or they are highly adaptable and
outcompete natives (Pimentel et al., 2005). This can
damage the native diversity of plants, sometimes causing loss of local plant populations (Gurevitch and Padilla
2004), often affecting animals and ecosystems in significant ways (Brooks et al., 2004, MacDougall and Turkington 2005, Traveset and Richardson 2006). This may
influence the future evolution of species and their ecosystems over the long term (Mooney and Cleland 2001,
Strayer et al., 2006).
Livestock themselves are invasive species in some
parts of the world (Steinfeld et al., 2006). People domesticated livestock about 10,000 years ago from species native to Asia and northern Africa (Clutton-Brock
1981, Hanotte et al., 2002, Marshall and Hildebrand
2002). Over time, people then brought livestock to other

continents, such as Australia and the Americas, that had
no previous history of livestock grazing (Steinfeld et al.,
2006). Thus many of the impacts of livestock described
in this assessment are also those of a nonnative mammal
introduced into new environments to produce food.
Intentionally or accidentally, people also brought
nonnative plant species for many uses, some to feed livestock. In South America, for example, African grasses
were imported for grazing and now dominate many pastures (Pivello et al., 1999). In South Africa, about 12%
of the species are aliens, with over 60% imported from
Europe (Milton 2004). Of the 580 nonnative grasses
brought into Britain, a full 430 (74%) may have arrived
in wool (Milton 2004). In addition, livestock grazing itself can encourage establishment of nonnative plants if
they are present in pastures and more tolerant of grazing
than some native plants.
These alien species, some imported to feed livestock, are one of the major threats to native biodiversity
globally. About 42% of the 958 native species listed as
threatened and endangered in the United States and up
to 80% of those in other countries globally are threatened by competition or predation by nonnatives (Wilcove et al., 1998, Pimentel et al., 2005). Many grasses
introduced for pasture are biologically adapted to spread
rapidly because they have abundant and persistent small
seeds, an ability to survive under stressful environmental conditions, and a tolerance for burning and heavy
grazing (D’Antonio and Vitousek 1992, Milton 2004).
This makes grasses good competitors in many of the environments where people choose to herd livestock. For
example, the grasses that now dominate many South
American pastures evolved in Africa, where there is
strong pressure to adapt to a wide range of wild grazers
(Klink 1996, Pivello et al., 1999). Similarly, the tussock
grass Nasella, introduced from South America to South
Africa, replaces natives in pastures there, reducing their
productivity (Milton 2004). The net effect of this superior competitive ability is often a more simple pasture
with fewer species, and thus less genetic variability to
use to respond to new and different conditions in the
future.
In the United States, at least 50,000 species have
been introduced by people for various needs, including
livestock and forage species (Pimentel et al., 2005). A
stark example of nonnatives replacing natives occurred
after settlers brought the European grasses Avena and
Bromus and other annual grasses to central Californian
grasslands in the nineteenth century. Now these nonnatives dominate more than 9.2 million hectares of these
grasslands, with only rare pockets of the native perennial bunch grasses left (D’Antonio and Vitousek 1992,
Malmstrom et al., 2006). The success of the annual
grasses was not their superior competitive abilities; they
relied on heavy livestock grazing and drought to provide
the conditions for their spread (Seabloom et al., 2003).
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Perhaps the most striking example of invasive pasture grasses damaging native plant diversity is found in
the Brazilian cerrado. The cerrado is one of the most diverse savannas on Earth and covers 200 million ha (24%
of Brazil’s territory) (Brossard and Barcellos 2005).
However, only 43% of this biome is now preserved,
principally in fragments surrounded by other land uses
(Brossard and Barcellos 2005), like soybeans and pasture for livestock. African grasses (Melinis minutiflora
Beauv., Hyparrhenia ruffa [Nees] Stapf, Andropogon
gayanus Kunth, Brachiaria decumbens Staf and Panicum
maximum Jacq) were introduced for pasture by the Portuguese in 1600 and later by Brazilian researchers (Rocha
1991). These grasses are invasive, highly competitive,
and resistant to fire, and they also grow better in areas
that were originally used for cattle ranching (Pivello et
al., 1999). They are now widespread throughout the cerrado, with 80% of the area covered by Brachiaria alone,
a species even found inside protected areas (Pivello et
al., 1999). Ironically, the pastures created with nonnative grasses to feed livestock are degrading over the long
term, which then lowers beef and milk production (Brossad and Barcellos 2005).
On the Arabian Peninsula, heavy grazing in some
places has encouraged growth of unpalatable and poisonous species, which suggests that plants sensitive to
grazing are being lost. Some 3,500 plant species here are
adapted to extreme climatic conditions characterized by
low rainfall, high evaporation rates, and high temperatures (Peacock et al., 2003). Since the 1960s the population of camels, sheep, and goats has risen sharply with
improved veterinary care and supplemental feeding;
higher populations encouraged the spread of nonnative
plants through heavy grazing. And in some areas, farmers grow two exotic plants, alfalfa (Medicago sativa) and
Rhodes grass (Chloris gayana), for supplemental feed,
but under heavy irrigation (Peacock et al., 2003).
In Australia, decades of introduction of plant species
to feed livestock provided dismal performance: only 5%
were useful, and of the remaining useless species, 13%
became weeds (Lonsdale 1994). In the future, a full 81%
will likely become weeds. For example, Prosopis, a nonnative tree used for fodder, shade, and other purposes,
was introduced from the Americas to Australia in the
1930s (Klinken et al., 2006). In some areas, this species is
turning native grassland and shrubland into dense thorn
forest, removing most of the value of the land for cattle
grazing. This genus is now considered one of the 20 most
significant weeds in Australia (Klinken et al., 2006).
Some managers attempt to slow the spread of nonnative grasses by having livestock graze them. For example, an African exotic grass, Melinis minutiflora Beauv.,
slows tree regeneration and fuels more fire in gallery forests of Brazil (Hoffmann et al., 2004). But light grazing
on this grass by livestock can improve regeneration of
trees and reduce fuel loads (Posada et al., 2000).

There are clear trade-offs between introducing moreproductive grasses for livestock, protecting native biodiversity, and producing other ecosystem services. For
example, a pasture dominated by African grasses mixed
with native legumes in South America allows ranchers to
produce 25 times more beef than on a pasture dominated
by native grasses alone (Fisher et al., 1994). In addition,
the exotic deep-rooted African grasses sequester 25%
more carbon in the soil than native grasses do, although
this is not true elsewhere (Wilsey and Polley 2006). In
such cases, the double benefit of food production and
carbon sequestration will encourage ranchers to plant
nonnative species unless they receive strong incentives to
preserve natives through biodiversity payment schemes
(Pagiola et al., 2004) that make raising cattle on ranches
with native pasture much more profitable.

Impact 7: Feed Production and Trade
Human need for livestock is directly responsible for the
environmental (and biodiversity) costs and benefits of
37% of the cropland used to grow cereals, because farmers grow these cereals to feed livestock (WRI 2005). The
proportion of cropland dedicated to feed livestock varies
strongly from one region to another—from 50% to 60%
in Europe and the Americas to 21% in Asia and only
8% in Africa (WRI 2005). The biodiversity costs of these
croplands include the loss of ecosystems that they replace,
their contribution to climate change, and the pollution
from fertilizers they use, as described earlier. This means,
for example, that livestock are doubly responsible for the
aquatic dead zones around the world, not only directly
through livestock urine and manure but also indirectly
through nitrates, pesticides, and other chemicals that are
used on croplands grown to feed livestock and that run
off into waterways.
As mentioned earlier, growth and extension of the
global trades in livestock feeds means that livestock
produced in one part of the world often depend on ecosystems far away, where the impacts on biodiversity are
invisible to those who consume livestock (Lebel et al.,
2002). As feed demand rose in the last decade, deforestation expanded rapidly in the Amazon (Nepstad et al.,
2006). Feed made from soybean cake is also produced
in the Brazilian cerrado, which, as described, is a highly
diverse savanna largely converted to soybeans and cattle
ranching, with remaining fragments largely invaded by
exotic forage plants. The actual movement of feed from
one part of the world to another, usually by ship, consumes fossil fuels that contribute to climate change that
affects biodiversity. Ship ballast is also the principal way
that exotic marine species (plankton, fish) invade new
waters globally (Carlton 1985, Ruiz et al., 1997).
Livestock also affect the sea through the fishmeal they
eat. The world’s largest users of fishmeal are the poultry
and swine industries (Pike 1998, Naylor et al., 2000).
For example, in 1994 Swedish farmers used fishmeal to
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feed chickens (55% of their feed), pigs (44%), and cattle
(1%) (Deutsch and Folke 2005). Fishmeal for Swedish
animals is mostly from the North Sea, consisting of sprat
and herring. About 12% of the total land and marine
areas used to produce feed for Swedish livestock are marine (Deutsch and Folke 2005). Global fisheries are already seriously overused, so any dependence of livestock
on fishmeal only exacerbates loss of this resource.

Impact 8: Livestock-Generated Greenhouse Gas
Emissions and Climate Change
The livestock sector, including feed production and transport, contributes substantially to greenhouse gas emissions globally; this was recently estimated as 18% of all
greenhouse gas emissions as measured in CO2 equivalents
and 80% of all the emissions from agriculture (Steinfeld
et al., 2006). Livestock may also account for 9% of global
carbon dioxide emissions through deforestation for pasture and feed crops and land degradation (Steinfeld et al.,
2006), 65% of human-related nitrous oxide, 35–40% of
all human-produced methane, and 64% of ammonia,
which contributes significantly to acid rain. Based on
Steinfeld et al. (2006), we estimate that Asian livestock
emit more methane than any other region—a full third of
the world total—while livestock in Africa emit 14% of
the world’s methane from enteric fermentation and only
3% of that from manure, with emissions from the Americas and Europe falling in between. Considering carbon
emissions from livestock in CO2 equivalents, 34% comes
from deforestation for pastures and feed crops in South
America, 25% from enteric fermentation, 12% from direct manure application/deposition, 8.7% from indirect
manure emission, and 5.2% from manure management
(Steinfeld et al., 2006).
Climate change, partially caused by livestock, is already altering species distributions and population sizes
(Parmesan and Yohe 2003, Root et al., 2003, Thomas
et al., 2004), the timing of reproduction or migration
events (Ogutu and Owen-Smith 2006, UNEP 2006), and
the frequency of pest and disease outbreaks (MA 2005a).
Parmesan and Yohe (2003), in a meta-analysis of more
than 1,700 species, suggest that global warming is responsible for the observed movement of species toward
the poles at a rate of 6.1 km per decade and the advancement of spring by 2.3 days per decade, which affects the
seasonal movement of species. Root et al. (2003) also
report consistent temperature-related shifts in the distributions of breeding species, ranging from mollusks to
mammals and from grasses to trees.
Contributions to climate change resulting from livestock production are also partially responsible for an increase in the severity of diseases (Harvell et al., 2002,
IPCC 2002) and the melting of icecaps. Both of these
changes affect biodiversity. As described earlier, infectious
diseases can threaten biodiversity by catalyzing declines
and accelerating extinctions of wild animal populations

(Harvell et al., 2002). Pathogens were involved in the recent declines in Australian and Central American frogs,
Hawaiian forest birds, African wild dogs and lions, and
black-footed ferrets (Harvell et al., 2002). In the Arctic,
the melting of major parts of the polar icecaps removes
habitat for wide-ranging species like the polar bear (Robinson et al., 2005). Glacier melting in the Alps has accelerated since 1980, and 10–20% of glacier ice was lost in
less than two decades (Haeberli and Beniston 1998). In
tropical Africa, the glaciers on Mt. Kilimanjaro lost 80%
of their area during the last century; despite persisting
for over 10,000 years, they are likely to disappear by
2020 (Thompson et al., 2002).
Particularly important is the multiple impacts of livestock on marine ecosystems, including through climate
change. Elevated sea surface temperatures “bleach”
highly diverse and productive coral reefs, often killing
coral (MA 2005a, UNEP 2006). Coral reefs are extremely important for biodiversity, providing a home to
over 25% of all marine life (Moberg and Folke 1999).
Some scholars estimate that many coral ecosystems will
disappear in a few decades (Williams et al., 1999). In addition, global fisheries are in major decline, and livestock
contribute to all of the major causes of that decline:
overfishing, climate change, pollution, and introduction
of marine invasive species (Sala and Knowlton 2006).
In addition, dust from heavily grazed parts of the Sahel
may be linked to coral diseases in the Caribbean (Shinn
et al., 2000).
By 2050 climate change will likely cause the extinction of a substantial number of the endemic species currently being analyzed globally (Thomas et al., 2004).
Climate change is projected to most strongly affect species with intrinsically low population numbers, those inhabiting restricted or patchy areas, and those that have
limited climatic ranges (Sala et al., 2000, Thomas et al.,
2004, UNEP 2006, IPCC 2007). So far, global climate
change has caused the extinction of at least one endemic
vertebrate species, the golden toad, from the forests of
Costa Rica (Pounds et al., 2006, UNEP 2006). In the
future, Thomas et al. (2004) predict that between 15%
and 37% of all species on Earth could be threatened with
extinction as a result of climate change.

Summary of the Relative Importance of
Livestock’s Different Effects on Biodiversity
The impacts of livestock on biodiversity are pervasive,
but they differ in kind, magnitude, and geographic
spread (Table 8.1). If specific locations of particular
problems can be identified, the way to make livestock
production more compatible with biodiversity conservation will become more apparent. For example, we calculate from Steinfeld et al. (2006) that 90% of the effect of
livestock on global warming comes from methane from
livestock, methane and nitrous oxide from manure, and
CO2 from deforestation. If allocated regionally (Steinfeld
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Table 8.1. Relative importance of geographic spread and level of impact of different processes affecting biodiversity through need for
livestock by continent

Process that affects
biodiversity

Geographic
spread

Impact on
biodiversity

Africa

Expansion of pasture
and feed crops2

Regional

High

** feed
crops

—

—

—

Feed demand and trade3

Regional

*

Global

*

***
(eastern)
**

*

Invasion of nonnative
species4
Heavy grazing2
Manure and fertilizer
pollution3
Intensification of feeds
and livestock4
Disease emergence4
GHG emissions caused
by livestock5

Medium to
high
Medium to
high
L/M
High

**

***
(central)
***

**
*

**
***

**
*

Regional/
global
Regional
Global

Medium

**

***

Low to high
Low/high

**
**

Contraction of
rangelands/pastures6
Abandonment of
pastures4
Increased human wellbeing4

Global

Low

Regional
Regional

W
Regional

Asia

Australia

Europe

Latin America

North
America

*** Pasture
and feed
crops
***

—

***

***
(eastern)
***

*
***

*
**

**
**

*

***

**

***

***
***

*
*

*
**

*
**

***

*

*

—

**
*** From
deforestation
and methane
—

**

Low/medium

—

*

—

**

—

**

Medium to
high (?)

***

**

*

*

**

*

Processes in left-hand column are ordered by their estimated relative impact on biodiversity from high to low1:
— = no impacts, * = low impacts, *** = high impacts in each region.
1

Estimate based on the review of literature in this chapter and in MA 2005c, Figure 4.16, p. 843.

2

Based on the review of literature in this chapter and in Chapter 5.

3

Based in the review of literature in this chapter and in Chapter 6.

4

Based on the review of literature in this chapter.

5

Based on our calculations from Steinfeld et al., 2006.

6

Based on Figure 8.2.

et al., 2006), these sources are concentrated first in Latin
America and China, followed closely by sub-Saharan
Africa, India, and western Europe, and then by North
America and the rest of Asia. For other impacts of livestock on biodiversity, precise locations are difficult to assess; they are generally as shown in Table 8.1, based on
the best available information.
Per hectare, the heaviest impacts are probably those
places where people modify the environment the most
and the ecosystem modified is particularly fragile. This
certainly occurs when farmers and ranchers clear complex rain forests to create open pastures and fields to grow
feed crops. Deforestation for livestock also releases large
amounts of CO2, which has a very important global impact on biodiversity. Another consideration is the anthropogenic impact through livestock production on marine
coral reefs through climate change. The review suggests
that people, through livestock, have unexpectedly large

impacts on biodiversity in rivers, lakes, and the sea more
broadly by removing riverine vegetation, polluting water, and contributing to ocean dead zones.
In summary, it appears that different suites of impacts occur together in particular systems, depending on
the inherent productive potential and the current intensity of the livestock systems. (See Figure 8.5.) These four
suites of impacts, or syndromes, simplify the complexity
of the real world, where different systems often exist side
by side, but they serve to illustrate the interrelated nature
of impacts of livestock on biodiversity. The first one is the
extensive dryland syndrome. Here, on the wetter fringes
of the vast drylands, rangelands are contracting to make
way for cropping and settlement, with significant impacts
on biodiversity. In some areas, exurban development has
also diminished biodiversity. But when grazing is profitable enough to slow these developments, livestock can
protect biodiversity in these landscapes. Where grazing
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is moderate to heavy, invasive species are important in
some areas. In many cases there is significant room for
native wildlife and plants to share the landscapes with
livestock, as long as they are not overexploited. Bushlands and shrublands are replacing grasslands in many
of these lands (Asner et al., 2004). Diseases can be an
issue, but because of the wide open places, spread is usually slow. Greenhouse gas emissions are important only
because these lands are the most extensive on Earth and
the only place where livestock are the central focus of
people’s livelihoods.
The second, perhaps least extensive, syndrome is
the one that affects dryland key resources. These include towns, markets, riverine areas, and wetlands
where unusually high numbers of people and livestock
gather. Here, livestock use is intensive, grazing is heavy,
and wildlife are all but excluded. Generally only plants
tolerant of heavy grazing thrive. Landscapes are highly
fragmented. People bring in nonnative species for food,
fodder, and fuel. Pollution by greenhouse gas emissions
and nutrients is concentrated but limited because these
places are limited in extent. This syndrome can be found
all across the world in specific areas within drylands.
In the more productive, wetter parts of the world,
there are two very different situations. In forests, the deforestation/reforestation syndrome is evident, where pastures signify either massive biodiversity loss in tropical
rain forests or valuable sources of biodiversity in abandoned pastures being reforested in temperate regions. In
this case, deforestation is a significant source of greenhouse gases, and slowing the abandonment of pastures
slows carbon sequestration. In forests and woodlands
used more intensively, the simplified intensive system

Extensive
systems

Figure 8.5. Syndromes of
livestock impacts on biodiversity
distinguished by intensity of the
livestock production system and
the inherent productivity of the
land.

Intensive or
intensifying
systems

syndrome is found. Invasive species are pervasive, wildlife are absent, nutrient pollution is common, and biodiversity is simplified and homogeneous from place to
place. In many ways, this system replaces native ecosystems, with pronounced and negative implications for
biodiversity.
While it is impossible to get a global and accurate
measure of all the impacts of livestock on biodiversity,
it is clear that the effects are felt more in some places
than others, often through several effects simultaneously,
and that the negatives appear to outweigh the positives.
One big gap in understanding includes whole ecosystems
or whole region assessments of the total impacts of livestock on biodiversity, using useful tools like life cycle approaches. Another big gap is estimations of what will
happen to biodiversity in the future, as the demand for
meat, milk, and eggs continues to grow. This suggests
that one next step is a set of scenarios, based on the information in this assessment, that show different alternative futures for biodiversity, driven by the multifaceted
impacts of livestock.

Conclusions
Many of the needed responses by citizens, civil society,
governments, and the private sector to the impacts of
livestock on biodiversity are similar to the responses
needed to reduce livestock’s impacts on carbon, nitrogen, and water, and thus are described elsewhere in this
assessment. See Chapter 9 for manure management
to reduce nutrient pollution and greenhouse gas emissions, and Chapter 6 for whole system nitrogen management. Chapter 5 refers to some measures to reduce
deforestation, sequester carbon, restore degraded soils,

Extensive dryland
syndrome: Rangelands
contracting / fragmenting,
moderately to heavily grazed,
moderate GHGs
GHG’s, some
invasives, erosion, woody
encroachment, large areas

Dryland key resources
syndrome: Fully
fragmented around
settlements and
groundwater, heavily
grazed, very limited areas

Less productive (dry)

Deforestation and
reforestation syndrome:
Expansion and
abandonment of pasture,
invasives, high GHGs
GHG’s
from clearing, limited
areas

Simplified intensive
syndrome: Manure
pollution, biotic
homogenization, disease
spread, invasives, high
GHG’s from livestock, more
GHGs
efficient, moderate areas

More productive (wet)
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and manage woody encroachment. See Chapter 7 for
responses to livestock impacts on water resources. This
conclusion covers responses to intensification, invasive
species, diseases, and contraction of rangelands—topics
not covered elsewhere in this volume.
From a biodiversity perspective, management of intensification needs to focus on improving incentives for
farmers and pastoralists to maintain landscape diversity
(horizontally and vertically) as they seek to make farms
more efficient. Incentives can include subsidies, green labeling, taxes, easements, and other devices. (See Chapter
16 for more details.) As indicated earlier, maintaining a
diversity of vegetation patches like hedgerows, woodlots, and other features is very important for preserving diversity on farming landscapes where farmers grow
livestock and their feed. Sometimes this results in elusive
win-wins, such as pastures with more species producing more hay in southern England (Bullock et al., 2007).
Low tillage and conservation agriculture approaches
need to be encouraged through incentives (Gregory et al.,
2005).
For industrial systems, there is a need for regulations
and incentives to encourage those who produce livestock
and feed to internalize pollution costs and to control pollution from their facilities (Naylor et al., 2005). To conserve livestock breeds, government policies need to favor
the conservation of their local animal genetic resources
by commercial and subsistence farmers. In intensifying
rangelands, rotating grazing and resting grasslands at
different times will maintain a diversity of landscape conditions for native animal and plant species. Particularly
important is conservation of biodiverse areas of these
landscapes like wetlands and riparian corridors (Belsky
et al., 1999), as well as protection of water sources like
rivers, streams, lakes, and coastal areas.
For invasive species, prevention is far better than a
cure. Eradication of established invasive species is very
costly; early prevention is less costly and more successful
(Mooney and Hobbs 2000). But often preventing exotic
plant seeds from establishing is not the main issue; rather,
it is land use and climate that are more important in preventing the spread of invasives (Corbin and D’Antonio
2004). In some cases, livestock themselves can help control weeds (Oba et al., 2000), but in others livestock
encourage weed spread; understanding which situation
applies and where is important. Successful control of invasives depends more on the persistence of the control
efforts over long periods of time than on the technique
of the control itself (Mack et al., 2000). Unfortunately,
the problem of invasives is likely to accelerate, given the
growth of global trade and the movement of feeds and
livestock.
Avian flu presents a particular case where widespread culling could strongly affect wild bird diversity.
Efforts to prevent poultry and wild bird populations
from mixing are needed, and enhanced monitoring and

surveillance in both domesticated and wild populations,
particularly around wetlands and lakes, should be put
in place to prevent spread of the virus. Culling should
be done only if there is a clear connection between wild
bird disease and domestic disease. Firm policies need to
tackle the illegal trade of poultry, wild birds, and other
wildlife. To reduce further outbreaks in threatened biodiversity there needs to be enhanced biosecurity, particularly in protected areas, captive breeding locations, and
wildlife trade (Roberton et al., 2006). Of course, if there
is a global human pandemic of bird flu, then many of
these more cautious approaches will be abandoned.
If livestock grazing is generally more compatible with
high levels of biodiversity than crop farming and exurban
development, then strong incentives, both positive and
negative, are needed to ensure higher returns to pastoral
lifestyles. A whole suite of positive incentives are now being tried, like schemes for ecosystem or biodiversity payments, conservation easements, local conservancies, and
public–private investment partnerships. For example, in
Kitengela, Kenya, local landowners receive payments to
keep the land open so that livestock and wildlife can continue to move freely, and payments double the incomes
of the poorest households in the dry season (Kristjanson
et al., 2002, Reid et al., 2007). Schemes to pay premiums
for “conservation beef” from herds that are managed in
ways that are compatible with biodiversity need to be
expanded. The best schemes not only provide positive
monetary incentives, but also devolve real power to local
communities to manage biodiversity in ways that bring
them economic returns. In drier rangelands, herders need
to be able to maintain mobility but also have access to
schools, clinics, and shops: services that move with herding families are sorely needed. In fragmented landscapes,
support is needed for institutions that allow landowners
to “stitch” the landscape back together through reciprocal grazing and watering rights.
One cornerstone to these responses is better linking of local and nonlocal knowledge with action on the
ground (Cash et al., 2003). When community members,
policy makers, and scientists work together to produce
knowledge in a collaborative way, action is much more
likely to be at least partially based on evidence rather
than wholly based on politics.
Finally, one of the major ways to reduce livestock’s
impact on biodiversity is to consume fewer livestock
products, particularly meat. This applies only to people
who have adequate access to protein and micronutrients and can “afford” to limit meat consumption (see
Chapter 12). This might also imply a shift from ruminant meat to pig and poultry meat in order to reduce
greenhouse gas emissions and grazing impacts, as long as
pollution from industrial pig and poultry production is
carefully controlled. This can be done by individual action and also through organized incentives to encourage
more-sustainable meat production and consumption.
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Impacts of Intensive Livestock Production and Manure
Management on the Environment
Harald Menzi, Oene Oenema, Colin Burton, Oleg Shipin, Pierre Gerber, Tim Robinson, and
Gianluca Franceschini

Main Messages
• Intensive livestock production systems are
characterized by a high stocking density, a high
output of animal products per unit surface area, and
a relatively large share of the milk, beef, pork, and
egg and poultry production worldwide. Cattle, pigs,
and poultry are the dominant species. These systems rely
extensively on imported animal feed and are known as
landless systems.
• Intensive livestock production systems are rapidly
expanding, especially in East and Southeast Asia and
Latin America. This expansion is characterized by the
following: an agglomeration of livestock production near
urban (market) centers; a shift from ruminants to pigs and
poultry; a trend toward large, landless, highly specialized
farms; a shift from litter-based housing to slurry-based
systems, with insufficient manure storage, poor manure
management, and little account of the crop-nutritive value
of livestock manure.
• Nitrogen (N) and/or phosphorus (P) excretions by
livestock per unit surface area are indicators of
the environmental pressure exerted by livestock
production. Areas with a high livestock stocking density
are characterized by high N and P loadings (with high N
and P surpluses), while the areas that provide animal feed
commonly have N and P deficits.
• The total amounts of nutrients (N, P, and potassium
[K]) in livestock excreta are as large or larger than
the total amounts of N, P, and K in fertilizers used
annually. Cattle contribute about 40% to total livestock P
excretion, and pigs and poultry about 20% each.
• In many parts of the world, environmentally sound
manure management is hindered by the fact that
manure is considered a waste rather than a nutrient
and energy source and by the lack of environmental
legislations and its enforcement.

• Poor manure management has serious impacts
on the environment. It contributes to pollution and
eutrophication of surface waters, groundwater, and coastal
marine ecosystems. It contributes to air pollution through
emissions of odor, ammonia, methane, and nitrous oxide,
and it contributes to soil pollution through the accumulation
of heavy metals. These pollution and eutrophication effects
subsequently lead to loss of human health and biodiversity,
to climate change and acidification, and to ecosystem
degradation.
• The risk for the environment of intensive livestock
production is highest in East and Southeast Asia
because of the current high livestock stocking
density, the rapid expansion of intensive pig and
poultry production, and the lack of legislative
restrictions and enforcement. The region also lacks a
tradition of recycling liquid manure to crops and has only
limited awareness of environmental concerns.
• Improving the environmental performance of
intensive livestock production systems requires
an integral whole-farming systems approach. The
weakest part of the whole chain of activities in a farming
system should be cured first. Three types of measures are
available: management measures, technological measures,
and structural measures. Management and technological
measures are usually the cheapest and should be
considered first.
• Currently there is a lack of uniform performance
standards in livestock production and manure
management. International agreements are needed
among countries with intensive livestock production
systems for deriving and implementing such standards.
• A wide range of proven manure treatment options
exist, including separation technologies, composting,
and anaerobic digestion—all of which have a role in
certain situations. These can contribute to safe manure
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recycling to crops and to meeting special objectives like
sanitation, odor control, biogas production, and manure’s
value as fertilizer. These options will contribute to replacing
fertilizer nutrients with manure nutrients, thereby lowering
the environmental impact of food production.

Introduction
This chapter focuses on intensive livestock production
for the production of meat, milk, and eggs. These production systems are characterized by a high stocking density
and a high output of animal products per unit of agricultural land and per unit of stock (i.e., livestock unit).
This is generally achieved by high efficiency in converting
animal feed into animal products. Because of their capacity to respond rapidly to growing demand, intensive
livestock production systems now account for dominant
shares of global pork, poultry meat, and egg production
(56%, 72%, and 61%, respectively) and for a significant
share of milk production (Steinfeld et al., 2006).
As described in earlier chapters, these systems are
dominated by three species/animal categories: cattle,
pigs, and fowl (mainly chickens), although sheep, goat,
and buffaloes may also be kept in intensive production
systems. Intensive livestock production systems include
mixed systems and industrial systems. Mixed systems
include intensive grazing systems that import part of
the animal feed and systems where a significant part of
the value of the total production comes from activities
other than animal production. Industrial systems have
livestock densities larger than 10 livestock units (500 kg
liveweight per livestock unit) per hectare and they depend primarily on outside supplies of feed, energy, and
other inputs, as in confined animal feeding operations.
If less than 10% of the dry matter fed to animals is produced on the farm, the classification “landless” production system is often used (Kruska et al., 2003).
For maintenance of body functions and production,
livestock require water, energy (carbohydrates), protein,
and 18 mineral nutrients, including phosphorus (P), calcium (Ca), potassium (K), magnesium (Mg), selenium
(Se), copper (Cu), and zinc (Zn). A large percentage of
the substances consumed in the feed are excreted again
via dung and urine—typically anywhere from 70% to
over 90% of the nitrogen (N) and the mineral nutrients
present in the feed, depending on animal species, feed
composition, and management. A large portion of the
detrimental environmental effects of intensive livestock
production relate to poor management of this livestock
excreta, which contain large amounts of undigested organic matter and mineral nutrients (Schröder 2005, Sims
et al., 2005).
Estimates of the global amounts of nutrients excreted by livestock are highly uncertain, mainly because
of poor information about the intake and composition
of the feed. Sheldrick et al. (2003) estimated that global

livestock excreta in 1996 contained 94 Tg N, 21 Tg P, and
67 Tg K. These amounts are larger by a factor of 1 to 3
than the amounts of fertilizer N, P, and K used annually.
Animal manure is an important source of plant nutrients, especially in organic farming and in developing
countries (Rufino et al., 2006). Also, in countries with
intensive agricultural production, animal manure is a
major source of nutrients used in crop and forage production. In Switzerland, for example, the contribution
of livestock manure to total agricultural fertilizer use is
about 60% for N, 70% for P, and over 90% for K (FAL
2005 and personal estimates). In general, however, only a
fraction of the nutrients excreted by livestock is properly
collected and managed as manure (which can also contain bedding material); the remainder is left unmanaged
as animal droppings in grazed pastures and paddocks or
is simply discharged (Sheldrick et al., 2003, Rufino et
al., 2006, Oenema et al., 2007). Increasing the use of
nutrients from animal manure will not only reduce negative environmental impacts of livestock production, it
will also help save limited resources like rock phosphates
used for P fertilizer production and fossil energy used for
N fertilizer production. (For an interesting focus on this,
see Mikkelsen et al., 2009.)

Global Distribution of Cattle, Pigs, and Poultry
While more than 60% of milk, beef, and poultry meat
production is situated in Europe and America, 60% of
the world’s pork is produced in Asia. Africa, the Middle East, and Oceania have only a small share of cattle,
pig, and poultry production. In terms of animal numbers, Latin America leads for cattle and China for pigs
and poultry. The relative distribution of the number and
production of cattle, pigs, and poultry in different parts
of the world according to FAOSTAT (2008) is shown in
Table 9.1. Note that there are large differences between
regions in the share of animal numbers and production.
For example, North America has only 4% of the total
number of dairy cows but supplies 16% of global milk,
indicating intensive production systems. Conversely, Africa has 14% of the world’s dairy cows but only 2% of
global milk production, indicating extensive production
systems. Differences between regions in the share of animal numbers and production are smaller in pig and poultry production.
The spatial distributions of cattle, pig, and poultry
density (in kg liveweight per hectare area) are shown in
Figures 9.1, 9.2, and 9.3 in the color well. Cattle density
is highest in Europe and India, but parts of Brazil and
central East Africa also show rather high densities. From
+30 to +50 and below –30 degrees latitude, cattle are
the dominant livestock species. In medium latitudes, the
dominant species varies: poultry in the Middle East, parts
of Africa, and western Latin America; pigs in Southeast
and East Asia and parts of Latin America and Africa;
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Table 9.1. Relative distribution of livestock numbers and production (% of global total) by region in 2005.

		
		
		
		

Cattle			
stock
Dairy
Other
total
cows
cattle
(%)
(%)
(%)

		
Production		
meat
Milk
(%)
(%)

Pigs		
Poultry
stock
Production stock
total
meat
total
(%)
(%)
(%)

Europe (excluding former USSR)
8
14
7
16
32
17
22
EU, Switzerland, Norway
7
11
6
15
29
17
21
									
Americas
37
21
40
49
29
15
17
USA, Canada
8
4
9
22
16
8
11
Latin America
29
17
31
27
12
8
6
									
Asia (excluding USSR)
32
30
32
18
18
64
60
China
9
5
9
12
5
51
49
China, Thailand, Vietnam
9
5
10
12
5
55
52
SE-Asia
11
12
14
6
59
56
6
India
13
15
0
2
7
1
0
									
Former USSR
4
10
3
7
12
3
3
Africa
13
14
13
5
2
2
1
Middle East
3
9
3
1
3
0
0
Oceania
3
3
3
5
5
0
1

10
8
27
13
14
46
26
28
39
3
5
7
4
1

Source: FAO 2008.

and cattle in India, large parts of Africa, eastern Latin
America, and Oceania.
The spatial distribution of cattle, pork, and poultry
is related to the consumption patterns of meat, milk, and
eggs; to cultural practices; and to production circumstances. At the end of the 1990s, average meat consumption per person ranged from 12 kg per year in Africa to
127 kg per year in North America. Average meat consumption in Asia was 27 kg (in India and Bangladesh,
<5), in Europe 69 kg, and in Latin America 43 kg per
person. The total amount of animal protein available per
person per day was 12 g in Africa, 19 g in Asia, 34 g
in Latin America, 58 g in Europe, and 69 g in North
America (Smil 2002).
Intensive livestock production is found in all parts
of the world, but especially in North America and western Europe and increasingly in East and Southeast Asia,
the Middle East, and Latin America. For example, North
America produces 22% of the world’s beef, 11% of the
pork, and 24% of the poultry meat (FAOSTAT 2008)
on, respectively, 8%, 8%, and 13% of the stock of cattle, pigs, and poultry. Latin America contributes 22%
of total beef and 24% of poultry meat production. The
largest livestock density is found in southern Brazil and
southern Mexico. The production intensity is generally
relatively low, apart from dairy production in Mexico,
Honduras, Puerto Rico, and Argentina and pig production in Puerto Rico.

In Europe, cattle, pig, and poultry production is
rather intensive, though there are large regional differences. Total livestock density is highest in the Netherlands, Denmark, northern Germany, southern United
Kingdom and Ireland, Brittany in northern France, and
northern Italy. Cattle in Europe are the dominant species, and predominantly kept on a roughage diet (grassland-based), supplemented with concentrates (mixed
systems). Europe produces 32% of the milk and 16%
of the beef worldwide with 14% of the dairy cows and
8% of the cattle. Following considerable growth in the
1960s and 1970s, cattle numbers have been decreasing
there since the 1980s, which is related to the implementation of the milk quota system in 1984 in the European
Union combined with increasing milk yields per cow.
Also the collapse of the centrally planned economies in
central Europe contributed to the decrease in livestock
numbers during the 1990s. In spite of this decrease, Europe still maintains one of the highest livestock densities
worldwide. Landless livestock production is common
only on strongly specialized pig and poultry farms, especially in the Netherlands and various regions in France,
Italy, Spain, and Germany.
East and Southeast Asia (China, Thailand, Viet
Nam, Malaysia, Philippines, South Korea, Cambodia,
Laos, and Myanmar) are the main pig and poultry producers worldwide. Moreover, the number of pigs and
poultry is rapidly increasing, while most of additional
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pigs and poultry are kept on highly intensive, landless
farms around cities. India has a high cattle and buffalo
density in the north and east. It is the largest milk-producing country in the world, although production efficiency is low. The remainder of Asia has a rather low
livestock density. The structure of livestock production
varies greatly across Asia. Typically for rapidly developing countries, traditional small and land-bound livestock
production systems are often situated next to large intensive and landless pig and poultry farms. While ruminant
production is still predominantly extensive, the share
that is intensive is rapidly increasing for pig and poultry
production.

Nutrient Elements in Livestock Excreta
A proxy indicator of the environmental pressures related to livestock production is the amount of nutrient
elements in livestock excreta expressed per unit of surface area, using the approach described by Gerber et al.
(2005). First, mean livestock production rates were assessed on a national level for different livestock categories, using production data in FAOSTAT (2008). Second,
N and P excretions of the various livestock categories
were calculated and down-scaled to a five arc-minutes
pixel grid in geographic projection, using spatial modeling. Here, we use phosphorus as an indicator because it
has a high relevance for eutrophication of surface waters, it usually is the first nutrient that constrains the livestock carrying capacity of land, and it is nonvolatile and
strongly adsorbed to soils and therefore does not escape
from manure in gaseous forms or through leaching (in
contrast to nitrogen). The spatial distribution of total P
excretion in kg km–2 is illustrated in Figure 9.4 in the
color well.
Clearly, the spatial distribution of total P excretion
largely follows the spatial distribution of cattle, pigs,
and poultry. The highest P loads in livestock excreta are
found in northeastern China, north India, and northwestern Europe. Locally high concentrations are also
found in the U.S. Midwest, in southern Brazil and northern Argentina, in the Alpine parts of Europe, and in
some parts of East Africa, India, eastern China, Indonesia, southern Australia, and New Zealand. However, not
all hot spots of high P excretion relate to intensive cattle,
pig, and poultry production. For example, in India the
high P excretion density is the result of a very high density of extensive livestock production systems, especially
cattle. Note that our estimate of the global P excretion
of livestock is 9.5 Tg, which is lower than the estimate
of Sheldrick et al. (2003) by more than a factor of 2. We
differentiated the P excretion per animal according to
production intensity and average liveweight, while Sheldrick et al. used the standard excretion per animal based
on production levels in North America and other countries of the Organization for Economic Cooperation and

Development (OECD). Thus our excretions per animal
are lower than their estimates for countries with extensive production systems and indigenous species. According to our calculations about 40% of the global livestock
P excretion is from cattle and a bit more than 20% each
from pigs and poultry.
Another proxy and more integrated indicator of the
environmental pressures related to crop and animal production in agriculture is the P surplus of the balance of
total P input via animal manure and fertilizers and the
P output via harvested crop (Gerber et al., 2005). (See
Box 9.1.)
To assess the potential load to the environment resulting from livestock production relative to that of the
human population, we estimated the liveweight and P
excretions of livestock and humans in different parts of
the world. For livestock, we used the liveweight and excretion figures of Gerber et al. (2005). For humans, an
average mean body weight of 50 kg was assumed for
Africa and Asia and 60 kg for the rest of the world (derived from WHO 2008). Based on Jönson et al. (2004),
an average annual P excretion of 0.4 kg was assumed for
Africa and Asia and 0.55 kg for the rest of the world.
The global average ratio between livestock biomass
and human biomass is 1.4—that is, total livestock liveweight is approximately 35% higher than total human
liveweight. (See Table 9.2.) With a value of 8.2, the ratio is highest in Oceania (New Zealand 18.1). At 2.2,
Central and Latin America is also clearly above the average, while Asia (1.1) and the Middle East (1.0) are below
average. Over 40% of the total livestock biomass is in
Asia, which also contributes more than half of the total
worldwide human liveweight.
The estimated mean global ratio of livestock to human P excretion is 7.6. (See Table 9.3.) This is much
higher than the liveweight ratio of livestock to humans,
indicating that on average more P is excreted by livestock than by humans per unit liveweight. Evidently,
livestock have a higher P excretion because their main
aim is producing liveweight gain, milk, and eggs, while
humans are mostly adults who only have to cover the
maintenance requirements for bodily functions. Europe,
America, the Middle East and Oceania are clearly above
the world average; Asia is slightly below that number,
and Africa clearly below the world average ratio of P
excretion by livestock compared with humans. The contribution of Asia to the world P excretion is around 50%
for both humans and livestock.
The ratios between livestock and human liveweight
and between livestock and human P excretion are indicators of the potential environmental pressures originating from livestock manure relative to that of human
wastes. The actual pollution greatly depends on how the
manure and wastes are handled. Based on the following considerations, we may conclude, however, that the
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Box 9.1. Example of P2O5 Balance in Asia and
Contribution of Different Sources to the Potential Nutrient
Input to the South China Sea
Gerber et al. (2005) estimated surpluses of P on nearly 24% of
the agricultural land, mainly in eastern China, the Ganges basin,
and around urban centers such as Bangkok, Ho Chi Minh City,
and Manila. Deficits of P (i.e., P output via harvested crops exceeds the P input via animal manure and fertilizer) were found
mainly in western China and southern and western India. (See
figures A and B in the color well for Box 9.1.) On average, livestock manure accounted for an estimated 39% of the total P
supply, while chemical fertilizer contributed 61%. Livestock was
the dominant P source around urban centers and in livestock
specialized areas, while chemical fertilizers were the dominant
source in crop intensive areas (rice). However, various areas
with a large supply of manure P also use large amounts of fertilizer P, suggesting either that farmers do not account for the P
applied via manure or that the manure is not recycled to crop-

land. When applied to cropland, most if not all of the surplus P
is applied via manure or that the manure is not recycled to crop
stored in the soil, because soils have a strong P adsorption capacity. This capacity is finite, however. Moreover, P-enriched topsoils are prone to P losses via erosion and overland flow. Hence,
a P surplus does indicate an increased potential of eutrophication
of nearby surface waters.
Badayos and Dorado (2004) made model calculations on the
relative contribution of pig wastes, domestic wastes, and runoff/
nonpoint sources to the N and P loading of the South China Sea
and the Gulf of Thailand from Thailand, Guangdong Province in
China, and Viet Nam. (See Table.) According to this estimate, pig
waste is by far the major source of P in all three countries and
also a major source of N in Guangdong and Viet Nam. The contribution of pig waste is estimated to be 4, 18, and 94 times larger
than that of domestic wastes in, respectively, Thailand, Viet Nam,
and Guangdong.

Potential load of nitrogen and phosphorus reaching the South China Sea from pig waste, domestic wastewater, and runoff in
Guangdong Province (China), Thailand, and Viet Nam.
				

Potential load Contribution (%)

					
Country or province
Nutrient
(1,000 tons)
Pig waste
Domestic wastewater
Guangdong, China

N
P
N
P
N
P

Thailand
Viet Nam

530
220
491
53
442
212

72
94
14
61
38
92

9
1
9
16
12
5

Runoff/
nonpoint source
19
5
77
23
50
3

Source: Badayos and Dorado 2004.

environmental pressures originating from livestock excreta are often larger than those originating from human
excreta:
• Total P excretions by livestock are much larger
than total P excretions by humans in all parts of the
world. A similar relationship can be assumed for N
excretions.
• Only a fraction of the nutrients in animal manure
and human wastes are recycled for crop production;
this fraction is larger for animal manure than
for human wastes. Most of the human wastes
are collected via the sewage system and partially
discharged after treatment or end up in latrine pits
in the ground, while animal manure is either applied
to cropland or discharged into surface waters, or
it ends up in the soil in various manure storage
systems.

• A considerable share of the nutrients in municipal
wastewater is removed in the sewerage treatment
system, while such treatment is not applied to
livestock waste prior to its discharge.
• About two-thirds of the P excreted by livestock is
in emerging and developing countries that often
lack policies or the ability to enforce environmental
standards.
• In countries where municipal sewerage treatment
is common and manure management is poor, the
pollution potential of animal manure is much larger
than that of human wastes, especially for water
pollution. This is the case for many emerging and
developing countries.
Good livestock and manure management greatly decreases the risk of environmental pollution by animal
manure. Yet the potential threat to the environment
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Table 9.2. Relative contribution of humans and livestock to global total liveweight by region, 2006.

World liveweight
Region
Europe (excl. former USSR)
United States, Canada
Central and Latin America
Asia (excl. former USSR)
Former USSR
Africa
Middle East
Oceania
World

Humans (%)

Livestock (%)

Ratio of livestock to
human liveweight

10
6
10
53
5
13
3
1
100

12
7
16
43
5
12
2
3
100

1.5
1.7
2.2
1.1
1.4
1.2
2.3
8.2
1.4

Table 9.3. Contribution to total phosphorus excretion by humans and livestock by region in 2006.

Global P excretion
Region
Europe (excl. former USSR)
United States, Canada
Central and Latin America
Asia (excl. former USSR)
Former USSR
Africa
Middle East
Oceania
World

Humans (%)

Livestock (%)

Ratio of livestock to
human P excretion

11
6
11
50
4
13
3
1
100

14
9
15
45
4
8
2
3
100

9.6
11.0
10.5
6.8
6.7
5.0
13.7
36.6
7.6

arising from operational management failures and malfunctioning equipment will remain; this threat is larger
for very large operations with no or weak controls or
enforcement of environmental regulations.

Characteristics of Intensive Pig, Poultry, and
Dairy Cattle Production in Developing Countries
The considerable environmental consequences of livestock production are related to several important characteristics of intensified production: the concentration
of livestock production close to urban centers; the shift
from ruminants to pigs and poultry; the trend toward
large, highly specialized, landless livestock farms; the
shift from litter-based to slurry-based systems; and the
neglect of manure storage and of the crop-nutritive value
of livestock manure.
Concentration of Livestock Production Close to
Urban Centers
In a globalizing world with open markets and more or
less uniform prices, profitability is largely determined
by the cost of production. Areas offering favorable production conditions and favorable logistics for transport,

processing, marketing, and retail have a comparative cost
advantage. Intensive livestock production thus develops
near urban areas following typical patterns, largely in accordance with the theories of Ricardo, von Thünen, and
Sinclair (Sinclair 1967, Block and Dupuis 2001). This
can lead to a high animal density locally and to a high environmental pressure associated with the animal manure.
A concentration of livestock in urban areas is characteristic for countries in early stages of industrialization.
With a growing economy, improving infrastructure, and
rising awareness of environmental problems, livestock
production is expelled from cities. (Chapter 4 discusses
in more detail the driving factors for the location of livestock operations in different phases of development.)
Shift from Ruminants to Monogastrics
Within the livestock production sector, pig and poultry
production have witnessed the largest increases during
the last 20 years, as described in Part I of this volume (de
Haan et al., 1998). This development has several explanations. First, pigs and poultry have much shorter production cycles than ruminants, while the high number of
offspring per year can achieve a rapid growth and allows
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farms to respond quickly to fluctuating demand. Second,
pig and poultry production do not necessarily rely on locally produced feed; the animals have relatively low feed
conversion rates and, unlike ruminants, do not require
roughage, which is voluminous and therefore relatively
expensive to transport. Third, investments in land, buildings, and expertise are relatively low in pig and poultry
production and are often facilitated by feed companies
and/or slaughterhouses. As a result, meat production
costs are lower than in beef production.
Large and Specialized Units with Little or No Land
Dictated by economics, livestock farms become more and
more specialized, intensive, and larger because they have
competitive cost advantages relative to diversified, extensive, small farms. (See Chapters 1–3.) However, these
trends magnify the manure problem, as the amounts of
manure nutrients per unit of surface area increase.
Growing Importance of Slurry-Based Systems
Most modern pig and cattle farms use little or no litter
and collect the dung and the urine combined as slurry,
often using large amounts of water for cleaning and
cooling purposes. Slurry-based systems require less labor
than litter-based systems with solid manure or solid and
liquid manure collected separately. Although often illegal, slurry and slurry effluents from manure treatment
processes are also easily discharged into nearby streams.
Flushing water will help, following the credo “the solution to pollution is dilution.” Apart from the fact that
solid manure is relatively easy to heap and transport, and
therefore to “commercialize,” there is a century-long tradition and experience with the handling of solid manure.
In contrast, proper management of slurry is often impeded by a lack of experience with this form of manure.
This constraint and the smelly, liquid appearance often
make specialized crop production farmers reluctant to
use slurry, especially when “clean and cheap fertilizers”
are available.
Neglect of the Nutritive Values of Manure Nutrients
The esteem given to manure management is related to
the existence of governmental policies and is inversely
related to the price and availability of chemical fertilizer.
In countries where chemical fertilizer is hardly available
or very expensive for farmers (e.g., Myanmar, Laos, or
Cambodia), the interest in manure is higher than, for example, in China or Viet Nam, where chemical fertilizer is
cheap and already used in high doses. Labor constraints
and a lack of education also play a role in the lack of
proper collection and storage of manure nutrients in
practice (Schröder 2005, Rufino et al., 2006).
A simplified and approximate model calculation
for European conditions can illustrate that the nutrient value of manure can usually not come close to manure handling costs, at least for slurry. Huijsmans et al.

(2004) give average application costs of about €5 per
m3 slurry for a farm applying 1,000 m3 per year. Further
costs are incurred by the slurry storage. Assuming capital investment costs of €100 per m3 slurry store, based
on the range of €30–150 per m3 given by Burton and
Turner (2003), a storage capacity of six months, and an
amortization period of 20 years, the investment costs per
m3 of slurry per year are €2.5. Including labor costs for
manure collection, costs for pumping and mixing equipment, and so forth, manure handling cost would thus be
around €10 per m3. If, on the other hand, we can assume
a typical nutrient content of 1.5 kg crop available N, 1
kg P2O5, and 2 kg K2O per m3 and an approximate price
level in 2005 of €0.5 kg–1 N, €1 kg–1 P, and €0.4 kg–1
K, the nutrient value per m3 of slurry would be around
€1.5 per m3. If the slurry is more diluted than approximately 1 part of water per part of undiluted slurry (values going up to 20:1 in Asia), the nutrient value would
be even lower.
Although the rapidly growing fertilizer prices in
2008 have led to an increase in the nutrient value by a
factor of 2 to 3, slurry management is economically reasonable only if the amount of mineral fertilizer is limited
by legislation, availability, or price or if costs for alternative disposal of the manure are also included in the
calculation.

Farm Structure and Manure Management
The effect of livestock production on the environment
depends on a large number of structural and management factors, including livestock density and the link
between livestock and land, the livestock operation’s location, livestock management, the housing system, the
manure management and storage systems, and the treatment and use of manure. Proper manure management
should be an integral part of livestock production systems. However, manure management implies both cost
and effort, which in many cases is deemed to bring little
benefit to the farmer. Box 9.2 provides a short summary
of the manure management situation in Europe that illustrates these issues.
Livestock Density and the Link between Livestock
and Land
Livestock stocking density and the geographical coupling or uncoupling of livestock production units and
feed production areas have a large influence on the flow
of nutrients and “virtual water” (the total amount of
water needed directly or indirectly for production of
feed and other purposes to produce one unit of meat or
milk product) in animal feed across the globe and on the
way manure can be recycled (Hoekstra and Hung 2005,
Naylor et al., 2005, Chapagain et al., 2006, Galloway
et al., 2007, Smaling et al., 2008). Direct recycling of
nutrients from manure is possible only if the amounts
of manure nutrients produced on a farm or in a region
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Box 9.2. Manure Management in Europe
•

•

•

•

•

•

•

•

•

Manure management is highly variable across Europe
due to different housing, feeding, and manure handling
systems; climatic and structural conditions; traditions;
and so forth.
The discharge of manure to rivers, streams, and lakes is
prohibited in most parts of Europe. To forestall serious
water pollution, most countries do not even allow the
discharge of wastewater or highly treated effluents from
farms. Nearly all the livestock excreta and wastewater is
therefore used on agricultural land (including horticulture)
as fertilizer.
The nutrient content of the manure is only partly
accounted for in fertilization (corresponding reduction of
mineral fertilizer use) unless this is legally required (e.g., in
Denmark and Switzerland).
Especially for slurry, the most common use is application
of the manure on the farm where it is produced. Slurry
is transferred between farms only in regions with a high
livestock density (e.g., the Netherlands) and if there is
legislation that restricts the nutrient balance surplus
or the livestock density. An actual market exists for
solid manure in most southern and eastern European
countries.
The proportion of liquid manure is high (>65%) in most
central European countries and low in eastern Europe as
well as in the United Kingdom and France.
Liquid manure (slurry) is mainly stored in tanks, which
in most countries are usually not covered. Lagoons are
sometimes used in southern and eastern European
countries, but they are never the major storage system.
Most countries have guidelines about the minimal period
of storage for manure. The average storage capacity for
slurry is around six months (longer in Scandinavia, shorter
in some southern and eastern countries). For solid
manure, the storage capacity varies from 2 to 12 months.
Most countries have guidelines on the application
of manure covering timing, location, and quantity.
Applications in adverse weather conditions or onto bare
soil or sloping ground are generally discouraged.
Special treatment of liquid manure to improve handling
and to reduce pollution or odor or for biogas production
is practiced only in certain countries or regions. This
includes biogas production in Germany and Denmark
and aerobic treatment in France. Composting of solid
manures is common on organic farms.

Source: Menzi 2002, Menzi et al., 2002, Burton and Turner 2003.

do not surpass the nutrient requirements of the farmer’s
cropland or the cropland within the region at feasible
transport distance. If local recycling back to land is not
possible, the manure has to be transported to other areas, undergo treatment to remove surplus nutrients, or
be discharged to the environment. The first two options
will incur considerable costs and will therefore only be
implemented if required by an enforced legislation. The
third option will inevitably have strong environmental
impacts on aquatic and terrestrial ecosystems.
Even if local cropland is available for manure recycling, environmental impacts can only be prevented if the
amount of nutrients in the manure does not surpass the
nutrient requirements of the crops. This concept of nutrient balance or livestock carrying capacity of the land
(i.e., the maximum livestock density that will allow the
local recycling of the manure without causing nutrient
overloads) is discussed by Menzi and Gerber (2006). The
need for balanced crop fertilization is also the basis for
the annual application limit of 170 kg per hectare of manure N stipulated in the European Union (EU) Nitrates
Directive (EC 1991).
The link between livestock and crop production may
not necessarily be found within the same farm. Collaboration between specialized livestock farms and specialized crop farms is possible, even though the crop farms
do not provide feed to the livestock farms. For example,
53% of the 91Gg manure P produced in the Netherlands
in 2007 was applied on mixed farms where the manure
was produced, 28% was transported to other farms
(mostly specialized crop farms), and 18% was exported
to other countries (Hoogeveen et al., 2008). The Netherlands has a high mean livestock density (~4 livestock
units per ha), imports a significant fraction of animal
feed from elsewhere, and has strict environmental regulations for manure management (Oenema and Berentsen
2004, Schröder et al., 2007). There is an ongoing debate
about whether livestock production at such high density
is sustainable in the long term.
The more specialized the livestock farm and the
larger the number of animals, the more likely it is that
manure cannot be recycled locally and that the nutrient
cycle will be disrupted (Menzi and Gerber 2006). This
leads to increasing nutrient surplus for the livestockproducing area and increasing soil nutrient depletion for
the feed-producing area. With the increasing importance
of international trade in feedstuffs, the problem of disrupted nutrient cycles is increasingly shifting from a local and national scale to regional and continental scales
(Grote et al., 2005, Galloway et al., 2007, Smaling et al.,
2008). Recycling of manure nutrients is a challenge for
large livestock farms with little or no available land in a
region dominated by small crop farms. For example, a
landless farm with 20,000 fattening pig places requires
2,000–3,000 hectares of cropland to recycle properly the
manure it produces. In Thailand, the average crop farm
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is 2–3 hectares, suggesting that each pig farm would need
the full cooperation of approximately 1,000 neighboring
farms annually.
Farm Location
Apart from the local livestock density, the location of a
farm is an important factor in its potential threat to the
environment. The risk is especially high if the operation
is near a vulnerable habitat, whether terrestrial or aquatic
ecosystems. Species-rich natural grassland, heath land,
and bogs are especially sensitive to increased deposition
of atmospheric N, which may originate from nearby livestock units (Dragosits et al., 2006). Restrictions on farming within zones around particularly sensitive areas are
a possible solution; the restriction may include a limit on
the stocking density or the need to implement measures
to cut ammonia emissions (e.g., changes to building, air
purification, covered manure storage, or land application
of manure using low NH3 emission techniques). Restrictions on farming have been implemented for such areas
within the European Union through the Habitat Directive (EC 1996). The location of a livestock farm is also
relevant for surrounding crops; the amount of manure
that can be recycled can vary considerably between different crops.

Livestock Management
Both livestock diet and livestock performance (yield expressed as feed conversion efficiency: kg feed per kg liveweight growth) directly influence the excretions of the
animals and thus the nutrient load on the environment.
The feed conversion efficiency depends on the animal
type, the genetic potential of the herd, animal housing
and welfare conditions, the productivity level, and diet
composition and water use (Tamminga 1996, Castillo
et al., 2000, Broderick 2003, Geers and Madec 2006,
Rufino et al., 2006). Commonly, the feed conversion efficiency is better in intensively managed livestock production systems than in other systems because of the better
genetic potential, feed quality, housing quality, and management (Ke 2009). However, as intensive production
relies heavily on imported animal feed, the risk of disrupted nutrient cycles and corresponding environmental
impacts is higher.
Housing Systems
The housing systems for livestock production determine
the manure type and in part also its composition. Depending on the system, farms may produce liquid manure (slurry), solid manure, or a combination of slurry
and solid manure. The system chosen depends on local
tradition, economic considerations such as labor costs,
storage and transport costs, the availability of water and
bedding, animal welfare considerations, and farm size
and structure.
Solid manure usually contains bedding material

(straw, wood chips) with a high organic matter content,
which increases its perceived value as “soil conditioner.”
There is also some suggestion that overall ammonia
losses are lower from farms using solid manure (Misselbrook et al., 2000). Yet, for economic reasons, new
modern livestock operations commonly have slurrybased systems. Slurry does have the advantage of readily
“flowing” from the animal housing system to an outside
storage system. Further, the ratio of mineral N to organically bound N is higher in slurry than in solid manure,
and as a consequence slurry has a higher percentage of
readily available N needed for crop growth (Schröder
2005, Rufino et al., 2006).
Water Use and Water Content of Manure
Total water use in livestock production, including feed
production and processing, is high; the production of 1
kg of chicken meat, pork, and beef requires on average
3.9, 4.9, and 15.5 cubic meters of water, respectively
(Chapagain and Hoekstra 2004), although differences
between farms and countries can be large. (See also
Chapter 7.) Most of this water is used for animal feed
production. However, water use on the livestock farm
can be high too. Water is used not only for drinking and
cleaning purposes but also for flushing and cooling the
animals. For example, the amount of water used per fattening pig can vary from 5–10 liters per day to 100 liters
per day, as reported by Dan et al. (2004) for southern
Viet Nam. Rainwater falling on open slurry stores and
rainwater from roofs, paved areas, and areas draining
directly into lagoons often further increase the slurry volume. The variability of the dry matter content of slurry
can therefore be very large. For example, the dry matter
content of pig slurry can range from 5–10% in northern
Europe to well below 1% in tropical zones where large
amounts of water are used (e.g., Rattanarajcharkul et al.,
2000). Correspondingly, the amount of fresh slurry produced per fattening pig can vary from 1 to well over 20
cubic meters.
Manure Storage Systems
In order to be able to recycle manure nutrients, livestock
manure must be collected and properly stored. It should
then be applied to cropland when the crops need the nutrients for growth and development. If applied too early
or too late, the manure nutrients may not be used effectively by the crop and may be lost through leaching, runoff, and denitrification (Marschner 1985, Laegreid et al.,
1999, Schröder 2005). Depending on climate and crop
types, the storage capacity for livestock manure needed
ranges from a few weeks to nine months. This requires a
considerable investment, especially in the case of strongly
diluted slurry.
Even without dilution, 1–2 cubic meters of slurry
with a dry matter content of 7–8% is produced per pig
fattening place per year, assuming three cycles of fattening
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from 25 to 100 kg. Similarly, 15–25 cubic meters of undiluted slurry is produced per dairy cow per year, depending on milk yield. With the usual addition of water,
these volumes become a factor of 1.5 to 10 larger. In
Europe, the capital investments in slurry storage vessels
are in the range of €30–150 per cubic meter, depending
on the construction material used and the coverage (Burton and Turner 2003), which translates to €30–600 per
fattening pig place and €400–4,000 per dairy cow. Such
investments in manure storage capacity increase the cost
of production considerably.
The appropriate storage capacity depends on the
maximum length of time during which manure cannot be
applied to land effectively. In Europe, the required storage capacity ranges from four to nine months, depending
on climate. With multiple cropping systems common in
the tropics and subtropics, it may be less. The limiting
factor is often the winter break of the vegetation period
or the rainy season, when manure application is strongly
limited by the crop nutrient uptake potential, transport
and spreading possibilities, and the absorption capacity
of the soil. Storages should be leak-tight. If there is no
natural clay layer that prevents leaching, lagoons for liquid manure should be lined with plastic or concrete. To
circumvent N losses via NH3 volatilization, manure storage systems must be covered (EC 2003, Rotz 2004).
Manure Disposal
Landless livestock farms have three basic options for manure disposal:
• Transport the manure to crop farms that are able and
willing to accept it as a source of organic matter and
nutrients. If they are nearby, the cost of transport of
the manure is limited. When crop farmers hesitate to
accept the manure, for whatever reasons, livestock
farmers may have to pay a fee to get them to do so.
• Treat the manure to obtain manure fractions that
can be disposed of more easily than untreated
manure. Such treatment usually includes separation
of solid and liquid fractions. The solid fractions
are composted and/or dried and pelleted, and then
transported and applied to cropland or incinerated
for energy production. The liquid fractions have
to be treated further, so as to allow the controlled
discharge to surface waters, or they are applied to
cropland.
• Simply discharge the manure to the environment,
either through dumping on cropped land (implying
substantial overapplication) or via ditches into
surface waters. Although this implies little or no cost
to the farmer, it has huge environmental impacts.
The third option is generally prohibited in OECD countries. In emerging countries with rapidly growing intensive livestock production, all three options are still

considered. However, it can be expected that uncontrolled
discharge will probably not be tolerated in the future.
Livestock farms will therefore need an improved manure
management strategy. The most appropriate strategy depends on the farm and its location. The findings from the
project “Area-Wide Integration of Specialized Crop and
Livestock Activities” (see Box 9.3) suggest the following
for choosing the correct management option:
• With investments in the order of magnitude of
$10–15 per fattening pig place plus running costs,
“full treatment” of the manure to achieve discharge
standards is costly but an option under specific
circumstances.
• For existing landless farms in an area with few
options for recycling manure, “full treatment” of
waste may be the only option. It is then an economic
decision in terms of whether the costs are bearable or
the farm needs to be relocated or even closed down.
• For existing landless farms in areas with crop farms,
spreading manure on cropland will be cheaper than
“complete treatment.” On large farms, the distance
to transport the manure will be a serious constraint.
However, the scale of the operation may enable large
farms to bear those high costs.
• For existing landless farms, it may be advantageous
to collect all solid manure, as this fraction is
relatively easy to transport and market.
• For new farms, it is economically and
environmentally beneficial to choose the farm
location according to the potential for recycling the
manure in the vicinity (Gerber 2006).
Manure Treatment
Manure treatment can be used to address specific problems of manure management or to meet special aims
(Burton and Turner 2003). As it is easier to transport
smaller amounts of solid rather than dilute liquid manure, different separation techniques (in-house separation by regular removal of solids, sedimentation, and
technical separation) are being applied to obtain a nutrient- and organic matter–rich fraction with high dry matter content. Treatment can also help sanitize the manure
(e.g., by the thermophilic anaerobic or aerobic treatment
or by direct pasteurization), change the characteristics of
the manure (e.g., composting or drying solid manure),
remove N via nitrification and denitrification cycles, and
address specific emission issues (e.g., NH3 emissions,
odor). A combination of separation of liquids and solids,
followed by pressing and drying the solids and (ultra-)
filtration and reverse osmosis of the liquid, yields the
stable and valuable fraction—but at high (energy) costs
(Meunier 2007).
Numerous treatment systems exist for handling the
various organic waste products from a livestock farm. For
an overview of current available systems, see the review
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Box 9.3. Southeast Asia Case Study
Between 2000 and 2004 the Livestock Environment and Development Initiative coordinated by FAO studied the current
environmental relevance of intensive livestock production in
Southeast Asia and potential measures to improve the situation. Activities focused mainly on Thailand (near Bangkok),
Viet Nam, and China (see also Ke 2009), but some preliminary
analysis was also done in Myanmar, Cambodia, and Laos. The
conclusions of the project can be summarized as follows:
•

•

•

•
•

•

Liquid manure (including “wastewater” and slurry) is
the main environmental threat of intensive livestock
production. Activities to reduce environmental impacts of
manure management should therefore have a first-priority
focus on liquid manure. Special attention should be given
to the situation during the rainy season.
Pig production is in most cases a much bigger
environmental threat than poultry production, which
mostly produces solid manure.
Both large pig farms (typical in Thailand) and a high
concentration of small pig farms (common in Viet Nam)
cause environmental pollution if the liquid manure cannot
be properly recycled.
Environmental impacts per pig are lower when the
excreta are partly or fully collected as solid manure.
Environmental impacts of livestock production are
becoming a serious problem, especially in areas around
large urban centers. Concerted actions on a regional and
national scale are urgent to meet this problem.
In countries like Myanmar, Laos, and Cambodia where
intensive specialized livestock production is just getting
started, appropriate awareness raising, capacity
building, and policy measures should be taken to guide
development into a sustainable direction. Such activities
might capitalize on the higher esteem accorded to
manure due to very limited access to mineral fertilizers.

of methods used in Europe by Burton and Turner (2003).
Figure 9.5 summarizes the main options shown as elements of a single process: mixing and storage, mechanical separation, decantation, composting, and ponding
systems. The last major group to be included is intensive
biological treatment that can be subdivided into aeration
and anaerobic digestion with biogas production.
In reality, complete processes as illustrated are both
rare and not usually required because manure treatment
should only be considered if needed to achieve a specific
aim such as the reduction of nutrient surplus or organic
matter, ease of handling, or odor.
Improving Handling of Liquids

For many farms, the first consideration in manure management lies with easier handling and thus avoiding

problems of collection and transport. The simple removal
of coarse suspended matter such as bedding straw by mechanical separation is a practical way of achieving this.
The screened liquid can then be more easily pumped with
a reduced risk of pipe blockage, and land application can
be done in a more controlled way. The solid material
removed is often “stackable” with less than 80% water
content, and it may represent 10% or more of the raw effluent. However, its removal will not reduce the nutrient
load of the raw slurry by much more than this, with most
of the active content being soluble or associated with finer
particles. Nonetheless the screened solids can be readily
composted, producing a reasonably stable product that
can be easily transported. Using finer screens in the separation operation can remove a greater proportion of the
suspended matter, but the solids produced tend to have
higher water content. This disadvantage can be offset by
the use of screw-press separators or (for a more intensive
operation) decanter centrifuges, but such systems can be
very costly and have a relatively low capacity.
Other than separation, the main strategy to improve
handling of liquids depends on adequate mixing, which
can be achieved by a wide range of equipment. Crucially,
this avoids the problems of separation, which can otherwise result in the development of crust or sludge layers, both being difficult to remove from the storage unit.
However, the formation of a crust may in some circumstances be desirable in reducing gaseous emissions. But
once well formed, removing such a layer can be difficult.
The sludge presents its own problems by reducing the
effective volume of the storage unit as it accumulates. In
addition, zones of methanogenic activity in aging sludge
increase methane (CH4) production.
Reducing Organic Loading

Manure from livestock can be expected to contain a large
proportion of organic matter in a reactive form. Within
hours of production, a high level of microbiological activity can be expected, with the production of a range of
odorous by-products if anaerobic conditions prevail. If
these are allowed to persist, methanogenic activity can
be expected in a few days, with the production of methane along with substantial emissions of ammonia. Separation (either mechanical or physical as sedimentation)
can remove part of the organic load, but this is often the
less reactive material; the greater problems are associated
with the smaller and more reactive molecules that tend
to be more soluble. Biological treatment is most effective
in this case either as the anaerobic or aerobic option. Anaerobic treatment is often preferred, as there is the clear
benefit of a useful gas product, but enthusiasm is less
for small operations or where there is a cheap source of
electricity available.
For larger farms, anaerobic digestion can be linked
with generators to produce electricity in schemes that can
sometimes be self-financing, especially if the electricity
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Figure 9.5. General scheme
summarizing main manure
treatment systems in common
use.
(A) raw effluent from animal
buildings; (B) mixing and
separation; (C) raw feed; (D)
separated solids; (E) clarified
effluent; (F) settled sludge;
(G) composting systems; (H)
ponding system; (J) aeration;
(K) irrigation of final treated
wastewater.

can be used locally, such as for evaporative cooling systems. Any process that strives to maximize gas production can be expected to also achieve near-total removal
of reactive organic matter and produce a final digestate
that is both stable and relatively free of offensive odors.
Contrary to some expectations, however, anaerobic
treatment does not eliminate all pathogens. More often it
only reduces their presence, especially under conditions
common on farms where new slurry enters the system
continuously.
Aeration systems are generally less attractive because
of the running costs of the aerator, which can exceed $1
per cubic meter of liquid manure treated. On the other
hand, it is both quicker and more effective than anaerobic digestion.
Ponding systems (also known as lagooning) can also
enable both aerobic and anaerobic degradation of organic matter. The treatment times tend to be much longer, running into weeks or even months in some cases.
This, along with the need to keep the lagoons relatively
shallow to meet process needs, results in a large area requirement. Nonetheless, running costs are very low, and
the low technology feature makes this an attractive option in poorer regions (Mara 2004). If retention times
are sufficient, a high level of treatment can be achieved,
with aerobic activity easily possible in the final lagoons
by keeping the depth to no more than 1 meter. In hot climates, losses by evaporation can help reduce the quantities that need to be irrigated in dry periods, but during
the rainy season the capacity of the system might be
hampered by the large amounts of rainwater. The impression that this is a closed system is false, as there is

both the progressive accumulation of a sludge layer and
substantial emissions of methane and ammonia.
Removing Nitrogen and/or Phosphorus

Organic nitrogen can be concentrated along with other
suspended matter in sedimented sludge or (to a lesser extent) in screened solids. The proportion of nitrogen in
organic form can be increased by limited biological treatment, but most of it will remain in the soluble form. Nitrogen in the form of ammonium (NH4+) and ammonia
(NH3) is not easily concentrated. If it is unwanted, the
main option will rely on the process of nitrification and
denitrification. The main final product of this process is
harmless di-nitrogen (N2) gas, but the process may be
combined with the production of nitrous oxide, which
reduces its environmental credibility.
Removal of phosphorus from animal manure and
exporting the P-rich fraction from the farm can be an
effective way to diminish the problems of excess P accumulation in manure-amended soils (e.g., Szogi and
Vanotti 2009). The P-rich fraction has to be used as P
fertilizer on agricultural land that needs P fertilization.
Concentrating Nutrients and Production of
Organic Products

Any of the separation processes (screening, centrifuge,
or settling) can be used as the first stage of a process in
which most of the insoluble (and some of the soluble)
components are concentrated into a fraction representing a small volume of the original manure.
The most common operation for the production of
solid products to be used as organic fertilizer is clearly
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the versatile and well-established compost operation.
However, this is strictly an aerobic process that requires
a regular mixing to supply enough oxygen. It does offer
a simple and readily accessible method of reworking a
variety of organic materials into a useful product. For
the most successful schemes, the availability of a solid
substrate to give the product structure is essential; straw
from animal bedding, chopped wood or twigs, or leaf/
vegetable matter would be suitable. In Europe the use
of the manure/bedding mix (often known as farmyard
manure) is common. However, given the lack of bedding
in hotter regions, straw or similar materials may need to
be brought in, thus adding costs to the process. Manure
sources suitable for composting include collected solid
dung, screened solids, and settled sludge, although the
proportion of the latter is limited due to its relatively
high water content.
The main shortfall for composting schemes often
comes from a poor mix of materials, which is often the
result of trying to incorporate too much of the unwanted
“waste” component. Control of feed materials, even animal manures, is important if the intention is to produce
a high-quality product suitable for sale. A second problem can lie with the process itself, which can imply an
elaborate piece of equipment to ensure a consistent and
high-quality product. Simpler schemes for smaller quantities of compost do exist, but they tend to be much more
labor-intensive or produce a poor and variable product.
The second main process to produce concentrated
manure products is based on drying. In areas where there
are long periods of dry warm weather, this option is very
attractive. Solid manure intended for direct use as an organic fertilizer can be adequately dried over a week or
so when spread out as a thin layer on a concrete surface.
Longer storage can both improve the drying and greatly
reduce the disease risk. Other than solar drying, there
is the limited option of drying with applied heat in an
enclosed process, but this is rarely practical even at the
large scale unless there is a ready local source of waste
heat. Formulated organic products (compound fertilizers) from an industrial operation would follow this line
with acidification to conserve the nitrogen as ammonium
salt.
Combining Separation, Ultrafiltration, and
Reverse Osmosis

The attractiveness of basic separation such as screening
or sedimentation as a treatment option for effluents lies
with its relative simplicity and the associated low costs
for installation, operation, and maintenance. The obvious drawback, as detailed by Burton (2007), is that it can
only remove and concentrate components that are insoluble and, for the most part, present as relatively large
particles. The exception lies with membrane processes,
which in the case of reverse osmosis can even separate
out salt ions. Such technology has thus received a great

deal of interest, especially in the supply of drinkable water (for the removal of contaminants) and in the treatment of dilute wastewaters (Tchobanoglous et al., 2002,
Shannon et al., 2008).
Not surprisingly, there has been interest in applying
the same technologies to stronger effluents, including
animal slurries. Pieters et al. (1999) demonstrated such
a system treating sow slurry using reverse osmosis as
the final stage after a pretreatment to remove suspended
matter. The final permeate was indeed largely free of
salts but the reported cost was high, at €7 per ton of
slurry, and practical problems such as membrane cleaning remained. Preclarification is essential, and a large
volume of relatively dilute concentrate for disposal will
still remain. However, the factor of greatest significance
is the costs of systems with enough capacity to handle
typical volumes from a large livestock unit, which can be
expected to be prohibitive for many farmers.
Manure Application to Cropland
A key challenge is to transport manure to the field where
it can be used effectively and with minimal costs and
nutrient losses. Appropriate equipment for transporting
and spreading manure and applying the correct dose according to crop nutrient requirements is therefore critical (Burton and Turner 2003, Rotz 2004, Rufino et al.,
2006, IFA 2007, Petersen et al., 2007). Furthermore, manure spreading must also consider the trafficability of the
soil in terms of restrictions to manure application near
sensitive ecosystems, watercourses, or drinking water
catchments.
For manure application (particularly slurry), the appropriate technique strongly depends on the structure
of the farm, the size and shape of the fields, the available mechanization, the characteristics of the liquid manure, the crop, and the topography. Important concerns
include achieving even and uniform spreading and preventing losses. It is worth noting that the land spreading
techniques developed in Europe (e.g., Huijsmans et al.,
2004) are often not applicable in countries in Asia because of small or bounded fields, access problems, and
so forth. The adaptation of spreading systems and the
development of new techniques is an urgent challenge.
Nutrient applications to cropland should not surpass
the crop’s nutrient requirements. To achieve this, the
farmer needs reliable guide values on the crop and recommendations about the manure’s nutrient content (e.g.,
Laegreid et al., 1999, IFA 2007). Based on this information, the appropriate dose can be calculated. As the manure dose needed to meet the P requirement of the crop
is often lower than that for N, K, and other nutrients,
especially for pig and poultry manure, it is advisable to
calculate the maximum annual manure dose on the basis
of the P content. If the manure is applied in higher doses
as soil conditioner once every couple of years, the nutrient input can be reduced accordingly in the successive
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years. For N, the full amount in the manure is not available for crops in the first year because the N contained in
the organic substance is only degraded in the course of
several years and because of inevitable losses. On plots
regularly receiving manure, 50–70% of the total N content in slurry and 10–50% of that in solid manure are
usually considered as available for the crops, depending
also on the time scale considered (Schröder 2005).
Constraints to manure recycling depend on farmspecific conditions:
• A primary constraint is usually the cost. Often,
good manure management with collection, storage,
transport, spreading, and sometimes treatment is
more costly than to buy the equivalent amount of
nutrients in the form of mineral fertilizer. This is
especially the case for strongly diluted slurry. Under
such circumstances, economic considerations must
not only consider the potential benefit from the
manure but also the cost of its disposal.
• A further important constraint is the uncertain
crop yield effect of the manure. Because part of the
readily available N fraction for plants is lost through
ammonia volatilization and the organic fraction of N
is available only after degradation, it is more difficult
to dose manure correctly than to use mineral N
fertilizer. To avoid the risk of yield decrease, farmers
therefore often tend to overdose the manure or do
not reduce mineral fertilizer use accordingly after
having used manure.
• In many developing countries (e.g., in East and
Southeast Asia), the use of slurry as fertilizer is also
impeded by the lack of experience of the farmers,
who often worry that the slurry would have negative
effects on their crop quality and yield. This fear
is often based on a few cases where excessive
doses of slurry or overflowing lagoons damaged
crops. Furthermore, the farmers lack reliable
recommendations about proper slurry use and often
do not have appropriate technology for transport
and spreading.
• In addition to the general requirement to minimize
emissions, there can be site-specific constraints for
manure use. For example, liquid manure should not
be spread very close to watercourses or vulnerable
ecosystems, and special care (reduced dosage, etc.) is
required on fields with a high water table, especially
when the groundwater is used as drinking water
resource. Furthermore, any specific national or local
legal restrictions must be respected.

Environmental Impacts of Nutrient Losses
from Manure
Elements are lost from livestock manure management
systems at different rates. The descending order is
roughly as follows: C > N >> S > K, Na, Cl, B > P, Ca,

Mg, Fe, Mn, Cu, Zn, Mo, Co, Se, Ni. This order is related to the reactivity, speciation, solubility, and fugacity
of the nutrient element species and their mass fractions
in manure. The double mobility of C, N, and S in soluble
waterborne compounds as well as in gases makes cycling
and loss pathways much faster and more complex than
those of the mineral elements. Carbon is released from
manure in gaseous forms (mainly carbon dioxide and
methane), in dissolved forms as inorganic and organic
C (ΣHCO3, DOC), and as particulate matter (via runoff). Nitrogen is also released in gaseous forms (mainly
NH3, N2, N2O, NO), in dissolved forms as inorganic and
organic N (NO3–, NH4+, DON), and as particulate matter (via runoff). Sulfur is mainly lost via volatilization
of sulfides (H2S) and sulfur oxides (SO2) and the leaching of sulfate (SO42–) and particulate matter. There are
extensive reviews on gaseous emissions concerning the
mechanisms and size of losses from manure management
systems. These reviews also allow proper parameterization of models used to assess the emissions at farm level
and at regional, national, and global levels (e.g., Bouwman et al., 1997, Sommer et al., 2006, Velthof et al.,
2009).
The mineral elements can be lost via leaching in dissolved form or via runoff in particulate matter at various stages of the feed–animal–manure–soil–crop chain.
(See Figure 9.6.) Leaching of effluents from ensiled feed
and manure from animal houses and storage systems is
negligible when the ground is sealed and the drainage
water collected. High concentrations of, for example, K,
Cl, and NO3– in wells near farm houses are often seen as
evidence of leaching losses from manure heaps on top of
unsealed soil (e.g., Culley and Phillips 1989, Withers et
al., 1998). Potassium, sodium, chloride, and boron have
high solubility in water, and the main loss pathway is via
leaching. Finally, the elements P, Ca, Mg, Fe, Mn, Cu,
Zn, Mo, Co, Se, and Ni have low mobility because of
their low solubility and high reactivity with soil constituents. Some of these elements (Fe, Mn, Se) are redox-active and more mobile in chemically reduced forms. Some
elements may form complexes with dissolved organic
carbon and inorganic anions and thereby increase their
mobility.
Few studies have quantified nutrient losses from
animal manure storage systems via leaching and runoff. The available information suggests that N leaching
losses from slurries in unsealed lagoons in EU-27 are in
the range of 5% of the N in slurry when covered and in
the range of 10% when uncovered. Similarly, N leaching losses from solid manure in unsealed heaps are in
the range of 2% of N in the manure when covered and
5–10% when uncovered.
Current environmental concerns relate mainly to
gaseous emissions of NH3, N2O, and CH4 from manure
management systems to the atmosphere, to the leaching
of NO3– to groundwater, and to N (both inorganic and
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Figure 9.6. Possible loss pathways of nutrient elements from the feed–animal–manure–soil–crop chain. Losses via gaseous
emissions to the atmosphere are shown in the upper half, losses via leaching and runoff of nutrient elements to the subsoil
and to groundwater and surface waters are in the lower half.
Source: Oenema et al., 2007.

organically bound N species) and P (ΣPO4, particulate
matter) losses from manure management to surface waters. The excessive accumulation of Cu and Zn in soils
following heavy applications of pig and poultry manures
received considerable attention in Europe in the 1980s
and 1990s but is now less a concern following governmental regulations on their additions in animal feed and
on manure application rates (Jondreville et al., 2003;
Schlegel et al., 2008). However, this is not yet the case in
many countries in Asia and Latin America.
Pollution of Freshwater Ecosystems
The effects of livestock wastes on aquatic ecosystems
are basically the same as for household and municipal
wastes. These effects can be summarized by eutrophication and toxification, which lead subsequently to ecosystem changes. The effects follow from the presence of
degradable organic matter, nutrients (mainly N and P),
heavy metals (mainly Cu and Zn), and possibly pathogenic microorganisms, hormones, and antibiotics in the
wastes.
Eutrophication has been among the main water
quality issues for decades. It is caused by excess loads
of nutrients (mainly N and P) and organic matter in
surface waters. This leads to excessive growth of phytoplankton and subsequently to decreases of water clarity
and biodiversity, oxygen depletion, fish kills, and odor
problems, while harmful toxic algal blooms may develop
more frequently (Smith 2003, Rabalais 2004). Agriculture contributes roughly 50% to the total loading of surface waters with N and P (Carpenter et al., 1998, EEA
2005), but the specific contribution of animal agriculture
is unknown. Badayos and Dorado (2004) estimated that
in some parts of East and Southeast Asia pig production
could contribute up to 90% of the P load reaching the

South China Sea (as noted in Box 9.1). Effects of eutrophication can be exacerbated by the natural growth of
toxic cyanobacteria (sometimes incorrectly referred to as
blue-green algae). These microorganisms commonly occur in all waterbodies but are particularly abundant in
tropical and subtropical climates and are notorious for
their production of toxins that are detrimental or even
deadly for humans and animals consuming water with
high concentrations of cyanobacteria.
Pathogens associated with livestock and belonging to
such microbial groups as viruses, bacteria, protozoa, and
parasitic helminths are known to penetrate into aquifers
and surface waterbodies. They present a threat to humans and animals alike. (See Chapter 11.) These threats
are taken more and more seriously, particularly in light
of the recent SARS and avian influenza epidemics. These
epidemics, though viral by nature, demonstrate and
accentuate an intrinsic potential danger of all groups
of microorganisms emanating from livestock through
wastes.
Pollution of Coastal Marine Ecosystems
Through the transport of nutrients via rivers and the deposition of ammonia-N originating from manure, livestock production also contributes to the eutrophication
of marine coastal ecosystems (see Chapter 6; see also
Seitzinger et al., 2005, 2006; Boyer et al., 2006). The
flux of nutrients from land to sea has increased since the
1960s by more than three to four times (Schaffelke et
al., 2005), and nutrients originating from livestock production played a prominent role in this. Eutrophication
stimulates the growth of marine algae, be it microalgae
(which lead to “red and brown tides”) or macroalgae
(seaweeds). Transfer of pathogens from livestock wastes
to sea is not an uncommon occurrence and results in
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temporary closures of marine aquaculture farms due to
health risks resulting from elevated coliform bacteria
counts. Furthermore, eutrophication-related impacts on
sensitive estuaries, coastal zones, and coral ecosystems,
which are among the most productive ecosystems on the
planet, lead to loss of biodiversity, which may lead to
coastal erosion (Duxbury and Duxbury 1997). This may
coincide with decreased commercial harvests of marine
products and necessitates rehabilitation associated with
high costs. Eutrophication of marine ecosystems is a
global concern (Smith 2003).
Recently, a direct relationship between eutrophication and harmful algal blooms, frequently referred to as
red or brown tides, was established (Sellner et al., 2003).
Similar to those in freshwater ecosystems, these microorganisms produce toxins that, through the trophic chain
(via shellfish, fish, and other marine products), threaten
human health directly as food supplies or indirectly
through residual contact via recreational activities (contaminating beaches and coming in contact with skin).
Harmful algal blooms, as well as blooms of nontoxic,
“nonharmful” microalgae, eventually decompose with
overconsumption of oxygen, leading to hypoxia in bottom layers of marine waters. This is particularly serious
in lagoons and bays highly prone to water stratification when replenishment of oxygen from the surface is
impeded and leads to fish kills (Duxbury and Duxbury
1997) and can have an impact on marine mammal survival (Landsberg 2002).
Groundwater Pollution
The leaching of nitrate to groundwater is considered a
problem because when the resource is used as drinking
water, the nitrate is consumed by humans and may cause
methemoglobinemia (blue baby disease). Livestock excrements contribute to nitrate leaching indirectly through
crops and grassland highly fertilized with manure as well
as when grazing livestock are fed protein-rich diets. The
nitrate is generated by the nitrification of ammonium
from fertilizer and excreta (Ryden et al., 1984). The nitrate may also originate from leakages of manure storage systems (Withers et al., 1998, Oenema et al., 2007).
Nitrate pollution of groundwater affects water resources
available to communities, leading to health and social
problems. However, there is still debate about the actual
toxicity of nitrates in drinking water consumed by humans (Powlson et al., 2008).
Leaching losses resulting from leaking storage systems or fields receiving high manure doses can also lead
to groundwater pollution with pathogens and residues
of pharmaceutical products (mainly antibiotics).
Nutrient Accumulation in Soil Ecosystems
Plants need N, P, K, and 10 other nutrients for their
growth and functioning (Marschner 1985). In crop
production, nutrient uptake per crop from the soil may

range from 50 to 300 kg ha–1 for N, from 10 to 40 kg
ha–1 for P, and from 50 to 400 kg ha–1 for K. In double
and triple cropping systems, uptakes of N, P, and K may
be even higher. These wide ranges reflect differences between crop types and soil fertility and fertilization levels
(Marschner 1985, Laegreid et al., 1999).
Theoretically, the whole nutrient requirement of the
crops could be met by livestock manure. However, in
practice this is usually not feasible because the ratio of
the different nutrients in manure is not the same as that
for crop requirements and because sometimes it is not
possible to spread manure when there is a particular N
demand of the crops (e.g., during a wet spring in Europe
or during the rainy season in the tropics). When application rates exceed the uptake capacity of the crop, surplus
nutrients accumulate in the soil or are lost to the wider
environment, depending on the mobility and reactivity
of the nutrients and the environmental conditions (such
as rainfall and topography). Phosphorus and also zinc
and copper are strongly adsorbed to the soil and therefore have low mobility and hence tend to accumulate.
In contrast, nitrogen and sulfur have high mobility and
tend to dissipate into the wider environment. Calcium,
magnesium, and potassium take an intermediate position (Marschner 1985).
For P, the strong accumulation in the topsoil will
mainly be a concern for aquatic ecosystems when the
topsoil can enter surface waters via erosion (Carpenter
et al., 1998). High K concentrations in soils may lead
to a high K uptake by the crop, which may lead to grass
tetany (or hypomagnesemia) in grazing dairy cows.
Extensive studies by Kemp and others (e.g., Kemp and
Geurink 1978) indicated this to be associated with Mg
deficiency, due to insufficient Mg intake and/or availability, and found that Mg availability was regulated by
the K and N contents of the diet (Mg content should increase proportionally to the product of K × N contents).
Furthermore, high amounts of K can cause an increase of
soil salinity, with negative impacts on crop yield and soil
fertility. Lowering high P and K levels in soils may take
many years; it requires greatly decreasing the application
rates of animal manure (and fertilizers) (Koopmans et
al., 2004).
Nutrient Depletion and Soil Degradation in Areas
That Export Feed Products
Farming regions with a net export of crop products are
faced with a depletion of soil nutrients and a decrease of
soil organic matter if they cannot replenish with commercial mineral or organic fertilizers along with the crop
residues (Burresh et al., 1997, Galloway et al., 2007).
Even if they can fully meet the nutrient requirement of
the crops with mineral fertilizer, the organic matter status of the soils will diminish. Apart from that, intensive
crop production can have a range of negative impacts on
the environment (Matson et al., 1997).
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In many developing countries the increasing demand
for animal feed for intensive livestock production (grain,
soy, manioc, etc.) and the growing demand for grain for
human consumption have triggered a market-oriented intensification of crop production. With the resulting shift
toward cash crops, the intensification of production, and
the increasing use of mineral fertilizers and pesticides,
negative impacts on the environment are inevitable.
Soil Pollution with Heavy Metals and Organic
Compounds
Some heavy metals are used in livestock feed in amounts
surpassing the essential animal requirements. In particular, copper and zinc are often used in relatively high
doses in pig production because of their growth-promoting and therapeutic effects (Eckel et al., 2008, Poulsen
and Carlson 2008). Other heavy metals that are sometimes added to animal feed are chromium (Cr), cobalt
(Co), and arsenic (As). Greater than 90% of the heavy
metal inputs to feedstuffs are excreted by the animal.
Manure, especially pig and to a lesser extent poultry manure, therefore contains relatively high concentrations of
heavy metals. The Cu and Zn content commonly found
in pig slurry in Europe already leads to an accumulation
of these metals in the soil. Excessive manure application
to soils will further increase this accumulation. Because
heavy metals are not degraded or lost, it is only a question of time until a level is reached where the soil fertility
is harmed and crop yields are affected. Especially in areas
with fast-growing livestock production, high livestock
density, and weak environmental legislation, heavy metals are increasingly gaining importance as a threat to the
environment (Menzi 2008).
Pharmaceutical products used in livestock production can lead to residues of these products or their derivates in the manure (Burkhardt et al., 2004, Gilchrist et
al., 2007). Furthermore, any contamination of the feed
with organic compounds can lead to a contamination of
the manure. Little is known about the potential threat
of such residues for soil fertility (Tamis et al., 2008). A
special aspect of such residues is the contribution of livestock production to antibiotic resistance in humans.
Damage to Soil Structure
Heavy equipment is often used for manure application
to land. This can lead to soil compaction, with negative
impacts on soil fertility, especially if inappropriate equipment is used or if manure is applied to wet soil. Furthermore, on clay soils, high sodium levels resulting from
excessive slurry application can harm the soil structure
(Huijsmans et al., 1998).
Emissions to the Atmosphere
Apart from the effects of N from livestock manure in
groundwater and surface waters, livestock manure
also contributes to volatilization of nitrous oxide and

ammonia into the atmosphere and, in consequence, to
increased atmospheric N deposition (Asman et al., 1998;
see also Chapter 6). Atmospheric N deposition is especially a problem in vulnerable ecosystems sensitive to high
N input (Galloway et al., 2003, Erisman et al., 2007).
Typically, from 20% to over 50% of the N excreted by
housed livestock is lost through ammonia volatilization
(Oenema et al., 2007). Thus livestock production typically contributes from 70% to over 90% of total ammonia emissions (Bouwman et al., 1997). Furthermore,
livestock production (especially ruminants) and manure
management are an important source of methane emissions and also contribute to nitrous oxide emission, both
of which are important greenhouse gases. (Aspects of
carbon, methane, and nitrogen are discussed in detail in
Chapters 5 and 6.)
Sanitary Considerations
Concerns over health risks from manure handling can be
divided into five areas: direct transfer of zoonotic pathogens to other livestock, workers, and communities; the
cause and spread of disease affecting other farm animals
and wildlife; contamination of water sources; contamination of food crops; and contamination of animal products. Aspects of zoonoses are covered in Chapter 11.
The contamination of water resources with pathogens is a major concern, especially if surface water is
used within the local community. Direct release of untreated farm effluents should therefore never be accepted
as a satisfactory disposal route. Even the accidental release of farm wastes to water has resulted in outbreaks
of serious illness in local communities, including some
deaths (Guan and Holley 2003).
The health impact of manures on field crops will depend on the crop, the dose, and the method of application. The risk is particularly high if effluents are applied
to the foliage of a growing crop where the leaves are
consumed or on crops that are consumed raw, while they
are minimal for other field crops. Practically no risk and
therefore no need for special treatment exist when manure is used on plantations such as rubber, eucalyptus,
oil palm, and so forth.
A special issue is manure use on paddy fields. From
the aspect of the food chain, there should be no public
health problem, but it is questionable if, with manual
seeding and weeding of paddies, workers come into close
contact with the manure over a longer time.
Contamination of animal products relates to practices within the abattoir, where animal excreta can inadvertently contaminate the meat that is produced. In
addition, there are risks linked to fish products when
production ponds receive quantities of manure ostensibly as “fish feed.” This practice is common in parts of
Asia, for example, and it should be noted that there is a
greatly enhanced risk of pathogen contamination of fish
subjected to such practices.
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Improving the Environmental Performance of
Intensive Livestock Farms
Environmental policy and measures in agriculture aim at
changing farmers’ behavior and thereby improving the
environmental performance of farms. This can involve
three types of changes: managerial, technological, and
structural. Managerial changes involve investments in the
“software” of the farm, in the execution of day-to-day
farming practices, and are usually relatively cheap. These
changes require a better integration of farmers’ knowledge and scientific knowledge through interactive training, education, and demonstration activities. And they
require suitable platforms for interaction between farmers, researchers, and industry. Technological changes, by
comparison, involve investments in the “hardware” of
the farm—the buildings, machines, and equipment. These
investments are often costly and usually only made when
combined with an enlargement of the farm to make the
investment cost-effective or following suitable incentives
(subsidies, tax reduction, or fines). Structural changes,
the third type, involve the organization of agriculture—
the type (land-based versus landless systems, specialized
versus mixed systems), size, and location of farming systems and vertical (from suppliers to consumers) versus
horizontal (cooperation among farmers) structure. They
involve changes in the relative importance of production
factors and resources (land, labor, capital, energy, and
management) and may entail changes in ownership of
farms and farmland and in the organization of farmers
and the institutionalization of their organizations.
From a cost-effectiveness point of view, managementrelated measures must be considered first. While doing
so, technological measures have to be considered. Structural measures must be considered when management
and technological measures do not bring solutions.
Improving performance requires farm-specific analyses of the feed animal–animal produce–animal manure–
crop production chain. The weakest part of this chain
in terms of agronomic, economic, and environmental
performances usually determines the best options for
improvement in terms of effectiveness and efficiency. A
series of consecutive steps have to be considered (Oenema and Pietrzak 2001, Oenema and Tamminga 2005).
The weakest part of the chain in intensive production
systems is commonly the storage and use of manure. Although the focus in this chapter is on improving animal
manure management, we start the discussion with the
producers of manure: livestock.
Improving Livestock Management
The amounts and composition of animal excrements
are directly dependent on the number, type (species),
productivity, and feeding of the animals, while the total
amounts of manure to be handled strongly depends on
the amounts of water and litter used in animal housing.

Thus the following aspects of livestock management are
relevant for manure management:
• The higher the productivity and the more efficient
the feed conversion, the lower the amount of manure
produced per unit product. This is a key option
for improving the economic and environmental
performances of livestock farms. It requires
improvement of the genetic potential of the herd,
phase feeding (precision feeding), and proper housing
of the animals. However, improved productivity
might not diminish the load to the environment if it
is achieved with commercial feed that replaces local
resources.
• Protein and P concentrations in the diet should
be restricted to the minimum requirement of the
animals so as to limit the amount of N and P in
the manure and maximize efficient resource use.
This aspect is especially important for N, because a
protein reduction in the diet reduces the proportion
of N excreted in soluble form and will thus strongly
reduce the ammonia volatilization potential.
• Concentrations of heavy metals in animal feed must
be kept to the minimum requirement of the animals
in order to limit heavy metal concentrations in the
manure and to prevent accumulation in the soil.
Improving Manure Management
As discussed earlier, proper manure recycling and application to crops means that all livestock excreta must be
collected, stored with minimal losses until the nutrients
they contain are needed by the crop, transported to the
field, and applied evenly and in doses corresponding to
crop nutrient requirements. This implies minimizing the
amount of water being collected together with the slurry,
sufficient leak-tight storage capacity, and minimizing
NH3 volatilization through covered slurry stores and
low-emission spreading techniques.
There is a wealth of information about improving
the recycling of manure nutrients effectively in crop production through proper implementation of management
and technological measures. Some of this information is
derived from experiments, but some is from practice. For
example, the default N fertilizer and P fertilizer values
of pig slurry in Denmark are 70% and 100%, respectively, indicating that 70% of the N and 100% of the P
in the pig slurry must be accounted for in the nutrient
balance—in other words, they must be considered as effective as high-quality N and P fertilizers (Mikkelsen et
al., 2009).
System Improvements and Structural Adjustments
A fundamental disadvantage of intensive livestock production systems is the large-scale geographic uncoupling
of feed production from animal production. As discussed
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in the opening of this chapter and in Chapters 1–4, landless intensive livestock production systems tend to agglomerate near large markets and to import essentially all
animal feed from elsewhere, often from abroad. By doing
so, nutrients in soils of crop-producing areas are depleted
while livestock-producing areas become enriched with
nutrients. Nutrient depletion in soils can be remediated
via fertilizer applications, but nutrient enrichment cannot be solved without carrying the nutrients away from
the site of manure production. Basically, nutrient depletion and nutrient enrichment are naturally occurring
processes, but the current scale and intensity associated
with intensive livestock production in some regions is unprecedented and is likely to increase further. Are current
agglomerations of intensive livestock production systems
sustainable in the long term? If the answer is no, the next
question is: What solutions are available?
Although the answer to the first question is indeed
largely “no,” this depends in part on the scale and intensity of the agglomerations and on the perception of “sustainability.” Sustainability is less of an issue when the
manure from intensive livestock production systems can
be disposed of properly on nearby cropland compared
with systems that would have to transport the manure
hundreds of kilometers away and therefore dump or discharge the manure locally. Further, the term sustainability is value-laden; basically it deals with the quality of
life and about the possibilities to maintain that quality
in the future. This in turn depends on society’s notions
about the quality of life and its geographic distribution,
as well as on a scientific understanding of the functioning of humans and natural ecosystems on Earth.
Current scientific understanding is that the disruption of the natural nutrient cycles through agglomerations of industrialized livestock production systems is
not sustainable (Steinfeld et al., 2006). It leads to eutrophication and loss of biodiversity in livestock-producing
areas and to soil depletion and degradation in animal
feed–producing areas. Note also that easily accessible
phosphorus rock reserves will be depleted in 50–100
years (Laegreid et al., 1999, Smil 2000). Further, society may not accept the local dumping and discharge of
manure nutrients from industrialized livestock farms
and may call for governmental policy and measures, as is
the case in the European Union (Romstad et al., 1997).
Restrictions on dumping and discharge of manure will
increase the cost of production and will force farmers
of intensive livestock production systems to search for
other approaches.
What sort of innovative solutions are available?
When management and technological measures are insufficient to solve the nutrient imbalance, fundamental
changes in the structure of the production–consumption
chain are needed. Such structural adjustments may lead
to transitions of agricultural systems (Dovring 1965).

In this case, the structural adjustments have to correct
the fundamental flaw associated with industrialized livestock production systems. Roughly, four lines of thought
regarding structural adjustments are possible:
• High-tech manure processing, yielding marketable
manure products that can be stored, transported,
and applied to cropland elsewhere; however,
manure processing techniques that yield marketable
manure fractions are expensive. As a result,
intensive livestock production systems with manure
processing technology may have to be combined
and integrated with intensive crop production
systems, food processing, and heat and element
recycling units in high-tech agroproduction parks
(Annevelink et al., 2003, Smeets 2004). Because of
their high-tech, knowledge-intensive, cost-effective,
and environmentally friendly reuse and recycling
of wastes, these systems may have a comparative
advantage over conventional livestock farms that
dispose of manure inappropriately. A few of these
agroproduction parks are now under development
in China, India, and the Netherlands; their success in
practice still needs to be proved.
• Spatial zoning and planning of intensive livestock
production systems to such an extent that the
livestock density within a region allows the proper
disposal of all untreated animal manure on nearby
croplands within environmental, economic, and
social constraints. Evidently, this spreading of
intensive livestock production systems over larger
areas goes against the trend of agglomeration
to benefit from site-specific conditions (markets,
logistics, marketing, extension and research services,
etc.). Such spatial zoning and planning have been
introduced via (tradable) pig and poultry quota
per farm combined with ceilings of the maximum
number of pigs and poultry per region in the
Netherlands, so as to limit the further expansion
of the intensive livestock pig and poultry sector
(Oenema and Berentsen 2004). However, such an
animal quota system may also have (economic) side
effects. To be maximally effective, a quota system
should be implemented when animal stocking
densities in a region do not yet exceed critical limits.
• A greater structural change would occur if animal
production were made land-bound again. This
would connect crop production to animal production
locally and regionally. The large-distance transport
of animal feed would be replaced by large-distance
transport of meat, while the small-distance exchange
of animal feed and animal manure would allow
effective recycling of nutrient elements at low
cost. Evidently, achieving such a structural change
would require a major transition, as the whole
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production–consumption chain has to be relocated.
It would take generations and require strategic
international agreements, as it relates to food
security, entrepreneurship, stewardship, and trust.
• Even greater structural changes would be brought
about through a transition in protein production and
consumption, shifting from meat to plant proteins.
(See Figure 9.7.) A shift from a diet with relatively
large proportions of meat protein to plant-derived
protein products appears to be environmentally
more sustainable, technological feasible, and socially
desirable (Aiking et al., 2006). It would also help
release pressure on freshwater resources and decrease
the energy intensity of food production. Again, such
a protein transition would need to be implemented
at the global level. It would more than halve the
agricultural land needed and more than halve the
eutrophication associated with food production
(Aiking et al., 2006, Weidema et al., 2008).
Clearly, these four lines of thought encompass transitions
of the entire food production (and consumption) chain.
Fundamental to transitions is the change in structure and
characteristics of (part of the) society, its large scale, and
its large impact. These structural changes occur gradually but continuously in periods of decades to centuries,
generally with distinct phases.

Though legislation may help even out some of these barriers, there is often a gap between the theory and practice
of government policy (Romstad et al., 1997, Gunningham
and Grabosky 1998). The variable and slow responses of
environmental policies in agriculture have been ascribed
to the huge differences in farming systems and environmental conditions in practice; to a variable interpretation
of policy measures; to legislative delays and lack of enforcement; to farmers’ failure to implement measures due
to system constraints, perceived costs, and the learning
time needed; and to antagonisms between measures due
to lack of integration. Moreover, there is lack of agreement about global environmental protection at the level
of the World Trade Organization. Agreements about
trade liberation and environmental protection need to go
hand in hand. Implementation of environmental policies
at the national or regional level creates unfair competition as intensive livestock production systems increasingly produce for the global market. This is often a major
reason that farmers in industrial countries are reluctant
to invest in proper manure management.
The EU Nitrates Directive (EC 1991) sets an annual
limit of 170 kg per hectare of manure N to be applied to

Governmental Policy Measures and Awareness of
Stakeholders
Government legislation is an important determinant of
proper manure management and thus of reducing the
environmental pressure arising from intensive livestock
production. Legislation may contribute to overcoming
the following barriers to proper manure management:
• Manure is considered to be a waste product,
especially in landless livestock production systems,
when it has to be disposed of at minimal economic
costs.
• Proper manure management is associated with
considerable investments in capital, labor, and
knowledge, which increase production costs.
• The lost value of nutrients is relatively low compared
with the costs associated with proper management,
and farmers therefore do not have any incentive to
reduce emissions (losses).
• Livestock farmers who do produce part of the animal
feed often have little incentive to use slurry properly
instead of fertilizers, because slurry is voluminous
and has a low and variable nutrient content, while
artificial fertilizer has a high and known nutrient
content and is relatively cheap in industrial countries.
• Farmers’ awareness and knowledge about the longterm consequences of environmental pollution due to
animal manure are still limited.

Figure 9.7. The food chain from production to
consumption. On the left-hand side, via animal production
to consumption; on the right-hand side, via novel protein
production.
Source: After Aiking et al., 2006.
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agricultural land. This is meant to reduce and prevent
the pollution of groundwater and surface waters with
nitrate from agricultural sources. Through its manure
application limit, it couples animal production to crop
production indirectly within regions. This directive has
been heavily debated and has a significant influence on
the further development of the intensive livestock production sector in the EU (Romstad et al., 1997, Oenema
and Berentsen 2004, Mikkelson et al., 2009). It also includes various good agricultural practice guidelines for
the application of manure and fertilizers (Mikkelsen et
al., 2009).
Concerning manure disposal to surface waters, there
are two divergent reasons in legislative policy. The first
one allows manure substances to be discharged; it includes discharge standards that define the maximum
content of organic substance and nutrients of liquid
effluents to be discharged to watercourses. This is the
common policy in many developing countries (Ke 2009).
It allows the discharge of effluents that have been sufficiently treated to meet established standards. In some
cases, the standards for livestock operations are derived
from those of industrial operations and are applied not
only for discharge to watercourses but also for the application to land. The second approach does not allow any
discharge of effluents from livestock operations to watercourses (a zero discharge standard). Examples of this
level of environmental protection include the EU Nitrates
Directive (EC 1991) and the EU Integrated Pollution
Prevention and Control Directive (EC 1996). Effluents
from livestock production cannot be discharged to watercourses even if they meet the discharge standards applied to other sources of effluent (Mikkelsen et al., 2009,
Powell et al., 2009).
With respect to NH3 emissions to the atmosphere
from animal manure in animal housings and storages
and following application to land, several EU members
follow the strict regulations in the U.N. Economic Commission for Europe’s Gothenborg Protocol (UNECE
2006). Without such measures, up to 50% of the N from
animal manure may be lost via NH3 volatilization to the
atmosphere during storage and following the application of manure to land (Sommer et al., 2006), while with
proper implementation of the various measures, losses
can be minimized to ~10% of the N in manure.
The best available techniques (BATs) associated with
the EU Directive on Integrated Pollution Prevention and
Control (EC 1996) applies to operations holding more
than 2,000 fattening pigs, 750 sows, 30,000 laying hens,
and 40,000 broilers. These farms need a permit (a license
to produce) and have to use best available techniques for
livestock and manure management. These BATs include
measures for minimizing NH3 emissions from animal
houses and manure storages and for minimizing leaching
losses.
In summary, environmental policy for intensive

animal production is a relatively new subject that emerged
first in the European Union in the late 1980s. The policy measures were aimed at decreasing N and P emissions to air and water. They have been developed and
implemented in practice, while the understanding of the
processes, cycling, and functioning of N and P in the biosphere—in air, water, soil, plants, and animals—is still
limited. In part because of limited understanding of complex N and P cycles and in part because of the compartmentalization of society and especially governments, the
focus in developing policy measures has been on single
N species (NO3–, NH3, N2O or NOX), on single P measures, on single sectors (households, industries, traffic,
crop production, animal production), on single environmental compartments (air, water, nature, humans), or on
single effects (human health, animal health, food quality, eutrophication, acidification, biodiversity loss, global
warming). This multiaspect approach has contributed
to a “wealth” of policies, with some interactive effects
(both synergistic and antagonistic effects). As a result,
there is an increasing quest for integrating environmental
policy measures. Livestock farmers in the EU feel limited
by the large number of regulations. Yet these regulations
have helped improve the environmental performance of
intensive livestock farms. (For further details on EU and
Denmark, see Mikkelsen et al., 2009).

Conclusions
Projections for 2030 suggest further increases in animal
numbers in the range of 30–50% relative to 2000, with
the largest increases for poultry and pigs kept in intensive livestock farms (Bruinsma 2003). Increases will be
relatively large in developing countries near large cities,
while a continuing decrease is anticipated in some affluent countries in response to globalization of markets, to
societal concerns about animal welfare and eating too
much animal protein, and to environmental policy measures. Without a change in current practices, the projected increases in intensive livestock production systems
will double the current environmental burden and will
contribute to large-scale ecosystem degradation unless
appropriate measures are taken. As discussed by Erisman
et al. (2008), nitrogen has played and will play a major
role in the development of agriculture and its environmental impacts.
Current trends of globalization and liberalization of
agricultural markets and the economics of scale, specialization, and intensification will further contribute to the
agglomeration of intensive livestock production systems
near rapidly developing markets. Small, mixed farming
systems will not be able to compete, and fewer people
will be living in rural areas. Some people in the countryside may even eat animal products produced in urban areas, because it may be cheaper to produce meat
in large facilities there than in small mixed rural farms.
This may further increase the environmental pressures of
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intensive livestock production systems unless appropriate measures are taken.
These sobering projections are largely based on extrapolations of current trends. At the same time, there
is evidence that the environmental performance of some
intensive livestock production systems is high, while others can be improved greatly when effective policies are in
place. These would typically include a mix of incentive
and disincentive measures, combined with training and
demonstration of best available techniques and management tools. Currently, there is a lack of proper incentives,
standards, and control in various areas with intensive
production systems. The geographical concentration and
size of the intensive systems, however, tend to ease the
enforcement of policies and especially to reduce the support and monitoring costs compared with more diffuse
forms of production (e.g., pastoral systems).
Clearly, international agreements about animal production and animal manure management standards are
needed among countries with intensive production systems. Such agreements should provide a basis for environmentally sound and socially acceptable livestock
production and should also provide a level playing field
to prevent unfair competition. The agreements should
include regional livestock stocking density limits, expressed in livestock units per hectare or preferably in P
excretion or P surplus per hectare.
Intensive livestock production systems can make a
significant contribution to reducing the load of N and
P in the wider environment. This requires cooperation among countries in setting standards for livestock
production and manure management. It also requires
collaboration among animal scientists, agronomists,
technologists, economists, and ecologists to derive these
standards and the best available techniques and management tools. Foremost, it requires cooperation among the
stakeholders along the food chain, including consumers,
retailers, the food processing industry, representatives
of livestock farmers, animal feed processing companies,
and technology companies. Adopting standards and improved technologies requires additional skills, labor, and
investments in new technology and equipment by farmers. They need to be convinced about the expected costs
and benefits. Clearly a joined effort is needed.
Capacity building on good manure management
means that reliable recommendations are available and
accepted. To provide these is a challenge for joint activities of scientists, extension officers, and progressive
farmers and should also rely on pilot farms demonstrating the feasibility of the proposed measures.
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Main Messages
• Extensive livestock systems (mobile pastoral,
ranching, and mixed farming systems) use land areas
of low production, providing food, employment, and
income in a considerable number of rural societies.
Due to their great geographical extent and the significant
number of livestock involved, these systems interact
significantly with the environment, with a range of positive
and negative consequences.
• Under conditions of moderate grazing, many
livestock systems provide the environmental
services of vegetation cover, biodiversity, and carbon
sequestration. They contribute to maintaining natural
resources, and even wildlife, and to preserving them from
more aggressive pressures and land uses, including land
clearing, agriculture, and fires. Reducing range resources
and livestock grazing is particularly detrimental to small
farmers and pastoralists, leading to land degradation and to
a greater need for intensified livestock production.
• Excessive livestock pressures alter ecosystems,
however, leading to erosion and land degradation.
Overgrazing in general and grazing in unsuitable
ecosystems (forests, swamps) have negative impacts on
those ecosystems and their associated environmental
services.
• Land tenure and natural resources management
policies play crucial roles in sustaining resources.
Livestock’s ecological, social, and economic effects on
ecosystems must be assessed in order to adapt policies
that can mitigate environmental degradations. Given that
each situation is highly specific, a participatory approach
and decentralization give stakeholders the opportunity to
adapt decisions to local situations.
• Biophysical and socioeconomic issues associated
with the management of extensive grazing lands
cannot be separated. Constraints and management

problems are best addressed by viewing these pastoral
environments as linked, complex socioecological systems.
The challenge is to understand these complexities in a
systems context and reduce them to relatively simple
management responses.

Introduction
In response to the growing demand for animal products at the global level, intensive livestock production
systems are addressing emerging needs (see Chapter 2),
but extensive and mixed livestock systems continue to
contribute significantly to meat production. (See Figure
10.1.) Extensive livestock production is mainly based on
traditional inherited knowledge, especially in the developing world. But all livestock systems, whether extensive or intensive, are constantly adapting to a “changing
landscape.”
In spite of their apparent traditional image, extensive systems are influenced by current events. Not only
do they have to cope with climatic variations, climate
change, and the consequences of land degradation and
desertification, they also have to evolve in reaction to
changes in agriculture and markets, population growth,
political events, societal changes, and shifts in food
consumption habits. Considering specific pressures on
resources, extensive livestock systems affect the environment directly or indirectly. So changing practices in this
form of extensive livestock production modifies other
trends, including pressures on resources and ecosystems.
The environmental consequences of extensive livestock production vary from one context or region to
another. The observations and comments in this chapter refer mostly to seven regions of the world: sub-Saharan Africa (pastoral and mixed farming systems), West
Asia and North Africa (mostly pastoral), India (mostly
mixed farming and some pastoral systems), Central Asia
165
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Mixed
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Mixed
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Figure 10.1. Contribution of livestock systems to the world
beef/veal production. About two thirds of beef and veal is
produced by extensive or mixed systems.
Source: After Seré and Steinfeld 1996.

(mostly pastoral), Latin America (ranching and some
mixed farming), Australia (ranching), and Southern Europe (pastoral and silvopastoral systems).
Environmental consequences are not all negative, nor
are they all unavoidable. Societies have the capacity to
decide on appropriate policies and to promote good
practices for sustainable development, provided they
have been made aware of the interactions between livestock systems and the environment. This chapter gives
particular attention to the responses already used to mitigate negative environmental consequences.
Extensive livestock production systems refer to animal production based on the use of resources available at
low or very low cost and are driven by access to feed resources with minimum investment. This chapter defines
extensive livestock systems as pastoral systems, ranching
systems, and mixed farming systems, following Seré and
Steinfeld’s classification (1996).
The pastoral system is predominantly grazing, which
depends on the natural productivity of rangelands. Mobility is one of its characteristics. In the nomadic system,
people and livestock move according to pasture and water availability; transhumance is the seasonal movement
of livestock with all or part of the human groups. Animals have the capacity to range freely and to endure temporarily harsh conditions. Often, depending on available
resources, individual animal productivity is low. These
systems provide animal products at low prices because
the cost of land and inputs is very low. They are embedded in traditional exchange and market networks,
and they contribute significantly to animal production

markets in developing countries but are not able to satisfy the high increase in demand for animal products
(Boutonnet 2005).
Ranching is a sedentary grazing system with potential
rotational management of pastures, as in North, Central,
and South America, and sometimes large-scale mobility
based on contracts, as in Australia and South Africa.
This system specializes in meat or wool production. The
productivity of labor is high, whereas that of land is low.
It can provide the market with products at low cost but
often is not able to increase production significantly.
Mixed farming systems are primarily conducted on a
small scale by households and combine various sources
of feed: natural pastures (rangelands), on-farm products
like crop residues and forage crops, and feed bought at
markets that includes by-products, grains, and other
supplements. This system operates at different levels of
intensification and is more or less narrowly dependent on
farm crop production, but it has close interactions with
the natural resource base (Tarawali et al., 2004). Generally, extensive mixed livestock systems are characterized by low external inputs. They are widely represented
in most developing countries. Livestock contribute to
further intensification of agriculture by providing draft
power and nutrient transfers. The production increase
is significant but limited by the increase of feed production and the constraints on market capacity (Boutonnet
2005).
It is worth mentioning that backyard systems that use
very low cost feeds, such as domestic and crop residues,
mainly raise livestock for family consumption, but they
also supply niche markets. Expansion of these systems
is limited by the availability of crop residues. In spite of
their advantage for reducing poverty’s impact and improving food security, they are likely to have a limited
environmental impact (with the exception of zoonotic
disease transmission) and thus are not discussed in this
chapter.
The direct impact of livestock on terrestrial ecosystems varies with the type of ecosystem. See Table 10.1 for
various ecosystems used in extensive livestock production. Arid regions account for 40% of the emerged land
mass, with the majority of arid regions (70%) located
in developing countries. Rangelands account for more
than 85% of land use (MA 2005b). Livestock modify the
structure, composition, and functioning of these ecosystems, resulting in specific types of landscapes.
The Livestock, Environment and Development Initiative (LEAD) of the United Nations Food and Agriculture
Organization (FAO) has adopted an approach to environmental assessment that addresses major physical and
biological components to analyze the interactions between environment and livestock. The main impacts of
livestock on these components involve varying positive
and negative impacts on ecosystems. (See Table 10.2.)
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Table 10.1. Global ecosystems used by extensive livestock systems

Tropical

Dry continental

Temperate

Rangeland

Savanna
Steppe
Mountainous grassland

Steppe

Grassland
Prairie
Steppe
Mountainous grassland

Forest

Woodland
Dry and wet forests
Riparian forest
Bush
Mangrove

Forest
Bush
Riparian forest

Forest
Riparian forest

Wetland

Grassland
Swamp

Swamp

Grassland
Swamp

Cropland

Fallow
Cultivated pasture
Field after harvest

Fallow
Field after harvest

Fallow
Cultivated pasture
Field after harvest

The impacts of extensive livestock systems on the
environment have been—and still are—important issues globally. Many political options and scientific controversies have taken place on this subject, with major
consequences for extensive livestock systems (Behnke et
al., 1993, de Haan et al., 1997). The lack of biological,

Cold

Tundra

sociological, and economic scientific data and the multiple factors that lead to the various ecological impacts
make the debate a difficult one. Impacts of extensive
livestock systems that consider livestock–ecosystem
compatibility and the associated drivers are important to
consider. (See Table 10.3.)

Table 10.2. Impacts of extensive livestock systems on the main components of the environment

Environmental
component

Feature

Negative impacts

Positive impacts

Land and soil

Soil structure
Soil fertility
Water balance

Compaction
Erosion
Salinization

Soil crust breaking
Fertilization

Air and atmosphere

Gaseous composition
Air temperature
Air transparency

Air pollution
Methane emission

Contribution to carbon
sequestration

Fresh water

Underground water
Superficial water

Water pollution
Water waste

Infiltration

Plant and vegetation

Vegetation structure
Botanical composition
Plant diversity

Land cover degradation
Deforestation
Loss of biodiversity
Bush fire
Weed invasion

Rangeland and landscape
maintenance
Seed dissemination
Fire control

Animal and wildlife

Habitat
Wildlife diversity
Genetic diversity
Animal health

Degradation of habitats
Loss of biodiversity
Concurrence for feed
Loss of livestock genetic diversity

Rangeland and landscape
maintenance
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(–) Competition on forage
(+) Intensification of the system

Tropical areas of Latin America

Regional perspective

Deforestation

Population growth

Management

Changes
Land use change

Drivers

Drivers and changes

Livestock system in competition
with natural ecosystem (case I)

Sahel
Driest region of West Asia
and North Africa Andes
Australia
United States

(–) Overgrazing / early
grazing
(–) External feeding

Crop encroachment

Population growth
Increased animal
population
Sedentarization
Decreasing animal
mobility (case IIa)

± Central Asia,
southern Europe

(–) Undergrazing

Abandonment

Population migration
Decreased animal
population
Economic liberalization
(case IIb)

Livestock system is the comparative advantage
of the ecosystem (case II)

Subhumid Sub-Saharan Africa
Marginal regions of West Asia
and North Africa
India
Mexico
Tropical highlands

(–) Overgrazing
(+) Range improvement
(shrubs plantations, alley
cropping, fertilization)

Common rangeland converted
into individual plots

Population growth
Increased animal population

Livestock system
complementary to other land
use (case III)

Table 10.3. Main impact of extensive livestock system given the ex-ante livestock–ecosystem compatibility and the main drivers

Regions with high crop
yield potential

Transhumant flocks
accessing cropping
zones previously
inaccessible to animals

Livestock system in
competition with other
land use (case IV)
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Promoting sustainable and
equitable
management practices

Preserving grazing
system as land use

Responses
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Natural resource management
and sustainable
intensification,
for converted land

Preventing further land use
change
through conservation
measures
or payment for
environmental
services

Pastoral legislation (pastoral
codes)
Organization of land users and
professionals
Managing sedentarization
process
Promoting animal mobility
Payment for environmental
services
Land tenure

Change in livestock composition
(substitution of sheep to cows or
of goats to sheep)

Other impacts
(nonenvironmental)

Disease spreading

Increased frequency and severity of
dust storm

Loss of genetic improvement by selfselection (separation of the
weakest animals in the driest time)
Decreased plant biodiversity and
wildlife

Reduction (direct impact through
land degradation)

Soil and water erosion
Land cover degradation
Shrubs invasion

Other environmental impact

Wildlife endangered (loss of
habitat)
Flora endangered

Reduction (direct impact
through deforestation)

Carbon sequestration

Biodiversity

Land degradation

Land and soil

Impacts

Agri-environmental policy
Landscape policy
Rural development policy
Payment for
environmental services

Decreased landscape
maintenance
Bush fire hazard

Increased/change
Local livestock breeds
endangered

Increased

No land degradation

Integrated
natural resource
management
Improve pastures
Controlled grazing
pressure

Community-based
natural resource
management

Appropriate land
tenure
Appropriate incentive
policies

Exclusion of mobile
pastoralists
Land use conflicts

Local livestock breeds
endangered (switch
or crossing with better
performing races)

Unknown

Soil and water erosion
Soil compaction

Conflicts

Poor impact

Not concerned
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Drivers of Change
The pressures of livestock on natural resources and the
environment depend on the number of animals grazing,
and this in turn is related to how many people are raising livestock. Intensity of pressure also depends on the
production system: mobility, seasonal use of resources,
and intensification level of production. Social forces, objectives of production, profitability of livestock, market
price for animal products, attractiveness of other sectors,
and social or political capacity of investment in the sector, all play a role in the number of animals and the production systems. Policy makers have a certain capacity
for directing evolution of the sector—and hence part of
the responsibility for the impacts on ecosystems.
Evolution of Livestock Numbers
In the regions where extensive livestock production has
significant importance, the evolution of animal numbers

Figure 10.2. Cattle number owned in relation to rural population density in savanna
regions of Senegal and Côte d’Ivoire
Source: After Landais et al., 1991.

Figure 10.3. Rural population and livestock
densities in savanna regions of Senegal and
Côte d’Ivoire
Source: After Landais et al., 1991.

is driven not only by availability of pasture resources
but also by population growth, by the market network
and demand for animal products (which is linked to societal changes and urbanization), and by the political
situation.
In developing countries, even with climatic and soil
constraints, livestock numbers increase parallel with
human population growth. In sub-Saharan Africa, the
global number of livestock is constantly increasing; the
mean annual growth rate for the last 30 years is approximately 3.5% for goats, 3% for sheep, 2% for cattle, and
1% for camels (after FAOSTAT, 1975–2005 period). But
productivity levels remain low. In the agropastoral zones
of West Africa, a shift from pastoral systems has led to
livestock growth, resulting in increased livestock density.
(See Figures 10.2 and 10.3.)
In India, the growth rate of livestock numbers has
shown a declining trend: the increase in livestock was

Rural population density / km2

Rural population density / km2

Copyright © 2010 Island Press. Please do not copy or circulate.

Impacts of Livestock Systems on Terrestrial Ecosystems | 171

lower during 1992–2003 than in 1982–92 for all species
except sheep, where a substantial increase in numbers
was noted in rainfed and coastal zones (Chandel and
Malhotra 2006). In rural areas, cattle, sheep, and goats
decreased between 1991–92 and 2002–03 (Chacko et
al., 2009).
In some regions of the pastoral steppe of North Africa, the number of sheep increased over 15 years and
reached stocking rates that were five times the real carrying capacity (Boutonnet 1989).
In some countries with extensive livestock production oriented to export (Australia and North and Latin
America), booming demand boosted beef production for
the international market. (See Box 10.1.) In industrial
countries, the shift from extensive to intensified systems accompanying the transition to a modern economy
since World War II progressively decreased the number
of extensive livestock while production was growing
globally.
In wet tropical Latin America, livestock are attractive
to smallholders for complex reasons: the use of large areas of land with little labor, the availability of livestock
for household consumption or to obtain cash, lower labor costs than crops, a source of capital for cash during emergencies, flexibility of timing of sale, and ease of
transport. Timber sales and grain production provide the
savings to purchase cattle (Sunderlin 1997).
Changes in Livestock Systems
Producers are often forced to modify their production
systems. This can take the form of a continuous and
permanent adaptation to change over time as a response
to the growing number of producers, changing environmental conditions, or economic and social crisis. When
the environmental resources supporting extensive production are uncertain or lost, pastoral activity is often
abandoned, and mixed crop–livestock systems become
more attractive and secure. Small-scale operations with
diversification may provide more-efficient food production and income when adverse events such as drought,
zoonotic diseases, and restricted land access endanger
household food security. Former pastoralists in sub-Saharan Africa shift back from mixed farming to pastoral
systems when climatic and resource conditions allow it.
Adaptations occur within the pastoral system itself, as
particular livestock breeds are replaced by others better
adapted to the new conditions. In sub-Saharan Africa,
Sahelian pastoralists adapting themselves to droughts replaced cattle with more-resilient sheep, goats, and camels. In arid zones of India, small ruminants, which were
the predominant species, are being replaced by cattle and
buffalo. These trends indicate adjustment of different
species and numbers to available feed resources, production systems, and environment.
Production systems are changing as well in India—
with food production from animals becoming more

Box 10.1. Evolution of Livestock Numbers in Australia
Extensive livestock production in Australia started in the
mid-1800s, initially with sheep in the arid and semiarid areas
of mainly southern Australia. Sheep numbers rose rapidly.
The high stocking rates were not sustainable, and when the
first major drought events occurred there was a major loss
of perennial grasses and carrying capacity. Sheep numbers
dropped considerably (McKeon et al., 2004). Overgrazing
was compounded by an invasion of rabbits, which increased
soil erosion and prevented recruitment of new plants when
good rains returned. Similar scenarios of rapid expansion of
sheep numbers followed by crashes in vegetation and carrying capacity were repeated across southern Australia through
the first half of the twentieth century. Although livestock numbers never again reached their initial high levels, a stable and
prosperous wool industry persisted throughout part of the
twentieth century.
In northern Australia a combination of tick infestations,
poorly adapted British breeds of cattle, nutrient deficiencies,
regular droughts, and poor infrastructure limited the development of the extensive beef industry until the 1960s and
1970s. However, around this time the introduction of tropically adapted Bos indicus cattle, urea and phosphorus supplementation, and infrastructure development contributed to
a rapid increase in cattle numbers. This increase was stalled
by a slump in world beef prices in the mid-1970s, which led
to livestock being retained rather than being sold at very low
prices. In a number of areas, animal numbers exceeded forage supply, which resulted in loss of perennial grasses, accelerated soil erosion, and the inevitable drop in the livestock
population (Ash et al., 1997).
Land settlement policies have contributed to this overstocking. There was a drive by the Australian government
for people to settle in the extensive livestock zones following
World Wars I and II, and this resulted in smaller properties
that eventually could not sustain a livelihood without increasing livestock numbers (Passmore and Brown 1992).

important than draft and manure. This shift suggests
further shrinkage of pasture-based systems, with semiintensive/industrial production systems becoming more
important. The migratory system of grazing small ruminants, which has existed for a long time, has been declining, mainly because of reduced grazing areas and pasture
productivity and its shift in the society. The number of
nomadic and pastoral communities has also decreased.
In West Asia and North Africa, extensive livestock
farming has been the dominant form of livelihood: in the
Maghreb (northwest Africa), estimates indicate that in
1880 only 45% of the population was sedentary. Nomadism was characterized by the high mobility of livestock and humans and the use of extensive territories,
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collectively managed on a tribal basis, with complex access rights and land use rules. This feature has changed
significantly during the past century, mainly due to active public policies initiated by colonial powers and independent governments.
Bourbouze (2000) distinguishes four major changes:
regression of traditional organizations and social equity, which led to individual decisions prevailing at the
expense of the groups involved; drastic changes in land
tenure toward either privatization or nationalization;
regression of mobility and reorganization of pastoral
territories; and intensification of livestock systems with
widespread use of feed supplements, agricultural products, mechanization of transport, and higher integration
to market. Population growth and a strong increase in
meat demand also brought in new actors and new forms
of livestock farming oriented toward markets and financial investments. Such changes contribute to weakening
a number of pastoral systems and increasing the poverty
of pastoralists.
Rangeland and forest conversion to establish cropping and grazing areas can alter ecosystems dramatically,
disturbing soils and vegetation and ultimately contributing to the destruction of biodiversity (Humphries 1998).
Many agricultural frontiers are moving into former
rangelands or forests on all continents, changing considerably the conditions of livestock farming and its environmental impacts.
Extensive systems move toward intensification following livestock system development and when the market
opportunities make this evolution profitable. In India,
the drivers affecting livestock systems are mainly linked
to the evolution of the Indian economy, the lack of productivity increase in extensive systems, and the change in
land rights. Per capita income in India is growing along
with the urban population and public awareness of nutrient-rich foods of animal origin increasing among both
urban and rural consumers. This suggests that the livestock sector will have a major role to play in the growth
of the agricultural economy.
Changes in Resources
For several decades the resources available for livestock
in extensive systems have been changing faster than ever,
as seen in two major trends: for pastures, in area and in
fodder yield and quality, and for water, in the number of
water points and access rights (key resources for the use
of rangeland areas). Desertification and land degradation are the consequence of human activities and climate
change.
In Africa, West Asia, and India, changes in land use
and land tenure lead to rangeland fragmentation, reduction of livestock mobility, and transhumance, and thus
local animal concentration and overgrazing, which have
a direct impact on the environment (see Chapter 3).
The changes in pasture access and vegetation have led

either to higher herd seasonal mobility or to long-term
migrations (Petit 2000). In the first half of the twentieth century, 15% of dryland rangelands were converted
to cultivated systems, and an even greater transformation took place in the second half of the century (MA
2005b).
In tropical Africa north of the equator, savanna is
converted to cropland at an estimated rate of 0.15% per
year, representing today 14% of the original cover (MA
2005b). In India, the change in ownership and management of common property resources from communities
to Panchayats (village-elected representatives), redistribution of common lands to landless people, and the
diversion of grazing lands to community development
activities led to further reduction in areas under common
property resources (Jodha 1990). Many poor farmers
keeping livestock in India are landless, relying on communal lands that compete with the establishment of tree
plantations for firewood and are in decline in surface
area and in quality.
The annual biomass production of rangelands and
pastures has been slowly decreasing in most dry zones,
including western Asia and North Africa, sub-Saharan
Africa, India, and far eastern Asia; other zones, like Central Asia and Australia, have been less affected. In large
regions of sub-Saharan Africa, the natural environment
is in decline: dry rangelands have lost trees and perennial
grasses in terms of density and diversity (but much less in
annual grasses), and savanna ecosystems are changed by
shrub encroachment, low productive grasses, or weeds
(Gaston 1981, Miehe 1991, Diouf et al., 2005, Ly et al.,
2009). In India, during the last two decades the overall
grazing areas declined across all regions except hill and
mountain zones, where it increased (Chandel and Malhotra 2006).
The productivity of grazing lands has been low and
is declining further due to inefficient management, unregulated land use, and overgrazing. As a consequence,
the grazing pressure on land has increased and the quality of grazing resources has declined. For instance, in
rainfed areas the present stocking rate is 1–5 adult cattle units (ACUs)/hectare against a carrying capacity of
1 ACU/hectare, while in arid zones the stocking rate is
1–4 ACUs/hectare against a carrying capacity of 0.2–0.4
ACU/hectare (Shankar an d Gupta 1992).
In North Africa, the surface area of rangelands is decreasing in all countries. Expansion of crops and fallows
generated postcultivation steppes with simplified flora
and fragmented rangelands. The pure steppe areas of
the neighboring Jeffara region in southeast Tunisia, observed by satellite, declined by 36% between 1972 and
2001 (Hanafi et al., 2004), becoming a mosaic of crops
and steppe with new forms of livestock pressure on residual rangelands. This situation has largely influenced
the structure and functioning of range ecosystems.
Climate change is contributing to desertification.
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Since the 1970s, a succession of dry years in sub-Saharan
Africa, West Asia, and North Africa enhanced the consequences of grazing pressure on vegetation and soil. But
in the Sahel, following consecutive years with good rainfalls, natural dry forests formerly damaged by drought
are being reconstituted (A. Marty, pers. comm., 2008).
In northern China, climate change brings temperature
increase and dry and windy periods, with multiplication
of erosion events: traditional rangeland management becomes no longer appropriate in a pastoral equilibrium
system (Han et al., 2008). In northern Australia, climate
change brought more rains: ranchers used this opportunity to intensify by improving and sowing pastures. (See
Box 10.2.)
Changes in Society and Social Demand
In developing and emerging countries, rapid population
increase is combined with income growth and major
changes in society. Urbanization and the expansion of
cities, development of the secondary and tertiary sectors, and production of wealth are modifying food habits and increasing demand for animal products, such as
meat (especially the less costly meats), eggs, and milk (see
Chapters 1 and 2). Extensive systems are still increasing
because livestock provide crucial familial food security
and income to a growing number of households; extensive livestock systems are a long-term economic support
to small producers in many arid regions. However, trends
indicate that younger generations are reluctant to continue rearing livestock because of low incomes. Surveys
have shown that people often prefer alternative types of
employment to farming, a statement confirmed among
pastoralists (Prévost 2007).
In Latin America, the main drivers of deforestation
are land occupation, land tenure, poverty, and product
marketing (Walker and Moran 2000). Livestock production is a secondary factor. In the Amazon, large landowners are less interested in raising cattle than in securing
land tenure. Under Brazilian legislation, clearing land for
pastures is considered “effective use” and is the first step
toward landownership (Hecht and Cockburn 1990). Deforested land also costs 5 to 10 times as much as forested
land, making land clearing an attractive tool for economic gain (Mertens et al., 2002). In Central America,
50% of the population lives at the poverty level on average and 23% is extremely poor; in addition, millions
of poor people who lack access to land migrate to agricultural frontiers, trying to improve their livelihoods but
exerting pressure on forested areas (Kaimowitz 1996).
The general pattern of this expansion starts with clearing and burning established forests, followed by some
years of shifting agriculture for subsistence and surplus
for market. After a few years, soils are no longer productive and farmers either convert their land to pasture, sell
it to larger cattle ranchers, or leave it fallow (Smith et
al., 2001).

Box 10.2. Climate Change in Australia
Climate change is an increasingly important driver. There
have been strong rainfall trends in the last 30 years that deviate from the long-term historical record, and it is still not clear
whether this is related to climate change or to longer-term
natural variability. However, pastoralists are already adapting
to these rainfall trends. Northwestern Australia, for example,
has had a 30% increase in rainfall in the last 30 years, and this
is contributing to some of the drive to intensify production. In
relation to climate, a major change in policy occurred in 1992
when the emphasis shifted from government assistance and
subsidies during droughts to a policy based on self-reliance;
this led pastoralists to adapt better to and cope with climate
variability.

With regard to demand for animal products, in Latin
America and the Caribbean (excluding Brazil), meat
consumption is historically higher than in other developing country groups and is predicted to increase further.
For example, the demand for meat in Latin America is
expected to increase from 26.0 million metric tons in
1997 to 44.9 million metric tons by 2020—an increase
of 72% (Rosegrant et al., 2001, Hall et al., 2004). This
will result in more pressure on forest reserves for pasture
and feedstuff production.
In industrial countries, a growing social interest in
preserving the environment has given a new focus to
rangeland ecosystems. Rangelands, being considered a
“natural” environment, are maintained with consideration for landscape management and biodiversity preservation (Woinarski and Fisher 2003). In southern Europe,
extensive systems are strengthened by rising recognition
of the environmental services they provide. (See Box
10.3.)
Changes in Public and International Policies
The public policies with impacts on rural development
and the livestock sector contribute to the sector’s evolution and indirectly to livestock’s impact on the environment. Governments are increasingly concerned about the
globalization of livestock trade (see Chapter 1), the decentralization of governance, economic development to
improve livelihoods, and food security. Since the 1990s,
the rising influence of environmental policies at the global
level has been added to the list, as these have significantly
affected livestock sector development.
Abrupt and fundamental institutional reforms have
driven land use change in the rangelands of Central Asia,
for example, for the last 15 years. When the Soviet Union
collapsed at the end of the 1980s, Central Asian livestock
producers lost both their secure Soviet export markets
and the benefits they derived from Soviet noncommercial
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Box 10.3. New Trends in Southern Europe
Throughout the twentieth century, changes in southern European
livestock farming systems have been influenced by the traditional
practices and the evolution of European society. In mountainous and hilly areas, ancient rural communities used to associate self-sufficiency with strict control of land use on both private
and common lands, given the long-term perspective (Bourbouze
and Gibon 1999). Rural depopulation began in the late nineteenth
century with the general growth of the European economy and
was further accelerated by agricultural development policy during the second half of the twentieth century (Caraveli 2000). Farm
numbers dropped dramatically, and a substantial part of the agricultural area was either abandoned or subjected to urbanization
(MacDonald et al., 2000). In many areas, livestock production,
traditionally included in crop–livestock systems, became specialized. In place of raising various animal species and multipurpose
breeds, most farmers changed to more-intensive meat or milk
production systems in search of improved economic efficiency.
While animal feeding in traditional systems largely relied on the
use of grazing lands, supplementation with cereal and concentrate feedstuffs became increasingly important, especially in the
diet of dairy flocks in Greece, Spain, and France. The progressive loss of interest in shepherding jobs was an additional factor
of change in herd management practice that hampered the use
of grazing lands in many countries, especially Greece and Spain
(Gibon et al., 1999).
However, natural environmental constraints and the cultural
traits of local rural communities have limited the intensification
and farm enlargement process and the move toward food production for mass consumption. In the 1980s, growing awareness
of the negative impacts of intensification on the environment

pricing systems. At the national level, command economies based on state purchase orders and planned production targets were either dissolved or restructured. At
the local level, the state and collective farms that had
encompassed almost all aspects of rural life were either
reorganized or abandoned.
These changes took place at different times and varying
degrees in the five Central Asian republics that emerged
out of the Soviet Union. Tajikistan was embroiled in a
civil war from 1992 to 1997 and began the reform process late and impoverished (Robinson et al., 2008). In
Kazakhstan and Kyrgyzstan, privatization of land and
livestock began in the early 1990s and was complete by
the end of the decade. In Uzbekistan and Turkmenistan,
rangelands and many livestock still remain state property, with pastoralists working within what amounts
to reformed and renamed Soviet farms (Behnke et al.,
2005).
Changes in pastoral land use reflect these national

contributed to restoring interest in extensive systems and traditional livestock management. Southern Europe produces a wide
variety of local-specific meat and dairy products using traditional
farming practices and adapted processing technologies. The
development of tourism in the region and the growing interest
of European consumers in high-quality and specific agricultural
products contribute to sustained local rural development (Rubino
et al., 2006). After some initial regulations supporting mountain
agriculture in the 1980s, successive reforms of the Common
Agricultural Policy (CAP) since the early 1990s increasingly acknowledged the important role of extensive livestock systems in
supporting environment-friendly and sustainable rural development in the less favored areas of Europe (Caraveli 2000, Bignal
and McCracken 2000).
The CAP strengthened the connection between agricultural
policy and a new approach of rural development that takes the
landscape into account. Landscape is regarded as “a societal
requirement” having a role to play in the cultural, ecological,
environmental, and social fields, favorable to economic activity (Council of Europe 2000). Both the 2003 CAP reform and the
Rural Development Regulations introduced with Agenda 2000
promote agri-environment schemes as compulsory elements
of rural development programs, requiring that farmers’ production activities be compatible with maintenance of landscape and
protection of the environment (European Union 2002). But the
European farming population is aging, and the prospects for economic viability of extensive livestock farms are weak within the
current conditions (Pfimlin and Perrot 2005). Extensive livestock
systems will be able to survive and play their complex role only
if agri-environmental measures are enforced and rural development policies are extended.

policy differences. In Kyrgyzstan and Kazakhstan, the
sudden and chaotic privatization of livestock caused the
loss of about three-quarters of the national herds in the
mid-1990s (Schillhorn van Veen 1995). Fodder and hay
production also declined markedly. With the collapse of
rural livelihood systems, there were high levels of emigration from pastoral areas into towns and changes in
rural settlement patterns. Gone were the collective farm
structures that had once supported a dispersed settlement
pattern, flock mobility, and the use of seasonal pastures.
In Kyrgyzstan, pastoral settlements became smaller,
poorer, and less geographically dispersed (Farrington
2005). In Kazakhstan, rural farmsteads and wells were
abandoned and destroyed, and many remote seasonal
pastures were unused as flock owners retreated to larger
rural settlements (Behnke 2003). Around 1999 or 2000,
these downward trends were halted and then reversed in
Kazakhstan, as flocks expanded for the first time in a decade and larger flock owners began to recolonize isolated
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farmsteads and wells (Kerven et al., 2003). For the first
time since the breakup of collective farms, pastoralists
also began to compete to acquire private leases from government and to occupy the most attractive key resources,
such as water points, pastures, and infrastructure.
Turkmenistan represents the antithesis of Kazakhstan’s radical reforms. Independent Turkmenistan operates a centralized agricultural economy, modeled on
farm reforms that were being implemented in the Soviet
Union in the late 1980s just before Turkmenistan became
independent. Households are permitted to lease livestock from the state, and private ownership of livestock
is permitted, but there is no private ownership or leasing
of pastures or water points (Behnke et al., 2005). The
proportion of the national flock that is private or state
owned is unclear, though official statistics state that well
over half of all small ruminants are now in private hands.
The slow pace of agricultural reform in Turkmenistan
and Uzbekistan did not lead to the catastrophic livestock
losses that accompanied radical reforms in Kazakhstan
and Kyrgyzstan (Kerven et al., 2003). Official statistics
state that livestock are now more numerous in Turkmenistan than at any other time in the area’s history. It
is official policy to increase the size of the national herd,
which was also an objective of Soviet livestock policy.
International Trade

Sub-Saharan Africa, West Asia, and North Africa have
important extensive livestock sectors, and sub-Saharan
Africa exports live animals, but they are all net importers
of beef and poultry meat. (See Chapter 2.)
The economic importance of the extensive livestock
sector and its direct or indirect dependence on international markets becomes clear during crisis situations. In
sub-Saharan Africa, for example, imports of subsidized
low-cost animal products from Europe have significantly
influenced local prices and resulted in artificial competition with local products, leading to continued poverty
among livestock farmers. In southern Australia, a collapse in wool prices in the early 1990s left the pastoral
industry in a depressed state. Policy responses to this encouraged either property buildup or an exit from the sector, with pastoral land being converted to conservation
reserves (Fargher et al., 2003).
In contrast, in northern Australia the extensive beef
industry has been experiencing a boom due to increases
in beef prices, the development of the live export market
to Southeast Asia, and improvements in infrastructure
and transport. Both corporate and large family operations are looking to take advantage of this boom by expanding: the push to acquire additional properties has
forced pastoral land prices up by about 150% over the
last decade (ABARE 2006). Increasing capital values are
in part driving intensification of extensive properties as
businesses try to maintain a reasonable return on investment. This has some environmental risks, as pastoralists

may be forced to exploit the land in the short term to
meet financial obligations.
Land Tenure

The law influences economic development. Extensive
livestock production refers in particular to the rural and
the pastoral code. In many developing countries, crop
farming receives more attention than animal production,
and an increasing trend toward land privatization leads
to the fragmentation of pastoral lands and reduces the
rangeland area and potential livestock mobility. Certain
national policies still recommend sedentarization of pastoralists, in spite of risks for the environment and herders’ vulnerability.
Nevertheless, many arid countries have established
a pastoral code. Following the example of Guinea and
Mauritania, the Sahelian countries of West Africa are revising their rural code—defining and protecting rights of
pastoralists, common land, and pastoral resources. This
evolution encourages pastoralists to apply good resource
management practices. But their response is often delayed due to social and political restraints.
In West Asia and North Africa, changes in livestock
production systems are driven by land tenure reforms
and input subsidies (for seeds, orchard seedlings, fertilizers, supplementary feed, etc.), which promoted individual appropriation of land, cultivation of rangelands, and
intensification of livestock farming (Abaab and Genin
2004). In Latin America, pasture establishment responds
to individual strategies of private land acquisition, a
mechanism often supported by governments but encouraging deforestation and pasture degradation.
Incentive Policies

Subsidies are common and powerful tools to implement
national policies and achieve precise objectives. But all
the consequences of offering incentives cannot be foreseen. Subsidizing agricultural inputs such as fuel or
equipment (tractors) stimulates agriculture and moves
agricultural frontiers but has led to crop encroachment
in pastoral areas of Africa and the Middle East (Pratt et
al., 1997). In Brazil and Central America, in the 1970s
the livestock sector secured a disproportionate share of
credit at subsidized rates and with lenient reimbursement
conditions and control, leading to deforestation for livestock (Kaimowitz 1996). Where credit was available in
the Brazilian Amazon, the conversion of forest to pasture was more profitable than sustainable use of already
cleared land (Moran 1993, Laurance et al., 2002).
Infrastructures

Pastoral infrastructures that are linked to livestock services are essentially public facilities offered to livestock
keepers to improve the conditions of production and
livestock productivity. The most effective interventions
involve animal health programs (public and/or private
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veterinary services), quality control of animal products,
and markets. Other important components include water delivery for livestock (wells, boreholes, ponds), fixed
transhumance routes, corral infrastructure and dipping
tanks (related to vaccination campaigns and parasites
control), and feed supplements (by-products, dry forage,
grains, and trace minerals).
Most of these services are connected and extended
through basic infrastructures, which are common with
other activity sectors and essential to improve communication between people. Links to fundamental infrastructure include roads, railways, ports, airstrips, markets,
and telecommunications, which facilitate services delivery like broadcasting, postal services, social services, and
marketing and financial services.
Significant transformations of infrastructure occurred almost everywhere in recent decades, including
in remote regions with pastoral areas. Such advances
directed to extensive livestock production have resulted
in some noticeable investment programs for infrastructure. Examples in sub-Saharan Africa include boreholes
programs in Sahel, dipping tanks in southern countries,
vaccination campaigns, and fixed transhumance routes
supported by international or bilateral funding.
Improved infrastructures have two environmental
consequences. While they give livestock managers the
opportunity to adapt, diversify, and improve their livestock practices, they also create environmental externalities not always expected. Providing water, for instance,
has changed pastoral patterns of seasonal mobility and
migrations between dry and wet season grazing areas.
The increased number of boreholes in dry areas of the
Sahel and Central Asia has improved livestock dispersion
in many rangelands and the conditions of transhumance
and has reduced concentrations of animals around villages, especially during the cropping time. But it has also
concentrated herds and flocks in zones with water where
no alternative for mobility existed previously. As a result, areas previously undisturbed and with high levels of
biodiversity are now subject to grazing pressures.
Similarly, the designation of transhumance corridors
and pastoral areas in western and central Africa has reduced conflicts with farmers in some areas and led to a
more controlled dispersion of livestock in cropping areas
and along reserves of biodiversity. But it has also had
negative impacts on forests and led to the illegal use of
pastures in parks and reserves. And facilitation of transportation that provides supplementary feed and water
can have appreciable technical and economic results,
but the trade-off in the long term can be environmental
degradation due to higher stocking rates on land that is
augmented by these supplements.
Investments in road infrastructure and modern communication networks have provided tremendous support for extensive livestock modernization and isolated
populations. In remote areas in arid regions, mobile and

satellite phones are now used by pastoralists to take advantage of grazing schedules in available pastures. New
roads permit the transport of live cattle and sheep, milk,
butter, cheese, and dry meat to urban markets, providing
further motivation for improving livestock productivity. Roads increase opportunities for accelerated transhumance by vehicles, but the pastures near the most
frequented routes tend to become overgrazed (Valenza
1981). Throughout Latin America, roads provide access
to regions that were previously inaccessible, leading to
accelerated clearing of the forest for timber and subsequent crop production and pasture for livestock.
Drought Policies

To reduce drought losses and alleviate social consequences, governments of many arid countries have introduced drought management policies, through either feed
subsidies, credit rescheduling, or emergency food aid.
In North Africa, for example, governments decided to
support the livestock sector, particularly following years
of drought. For several years government subsidies on
the price of grains used as feed supplements for sheep
allowed fodder plantations to be established, providing
temporal livestock safeguard plans in dry years (Bourbouze 2000). These interventions have succeeded in protecting producers’ incomes during drought. Yet they also
introduce bias in the natural regulation of the stocking
rate in rangelands, leading producers to keep livestock
numbers high and indirectly accelerating rangeland degradation (Boutonnet 1989, Blench 1998, Hazell et al.,
2001).
Governments of dry countries have organized specific
emergency action plans for pastoral populations faced
with climatic crises. The plans are based on the experiences acquired during the drought periods of the recent decades, but beyond their real economic and social
advantages, their efficiency for the pastoral population
should be improved.
Research and International Development

Until recently, research focused mainly on improving productivity and the efficiency of grazing resources
and grazing systems in response to increasing demand
(Toutain and Lhoste 1999). Targeted technological innovations were inspired by intensification processes and
consisted of various aspects such as pasture improvement
(rehabilitation, introduction of legumes, seed production); the adoption of rotational, deferred, or cut-andcarry systems; improvement of herd/flock productivity
through genetic, feeding, and sanitary development; and
improvement of the efficiency of household enterprises
through risk management and marketing development.
In sub-Saharan Africa, veterinary research has fought
with noticeable success against epizootic diseases and
livestock parasites and could, for instance, eradicate
rinderpest.
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In the 1990s, ecologists described the negative impacts of livestock on the environment; as a the result,
there was a drastic reduction of international support
for livestock development, even for extensive systems. A
global assessment of interactions between livestock and
the environment was undertaken to evaluate the challenge (de Haan et al., 1997, Steinfeld et al., 1997). Since
then, information and dialogue have been directed toward policy makers and the private sector through international initiatives (Steinfeld et al., 2006).

Impacts on Terrestrial Ecosystems
Herbivores are plant predators: by grazing and browsing
in natural vegetation, they not only remove leaves but
also break tree branches, reduce flower and seed production, trample plants, and can damage young seedlings.
But many biological mechanisms give particular plants
an advantage, increasing production when they are
grazed; the mechanisms include sprouting and regrowth
after cutting, multiplication of grass tillers, adoption of
a creeping or prostrate shape, and expansion by seed
dispersal via transportation of seeds by animals (Danthu
et al., 1996). In addition, stimulation of hard seed germination for many plant species relies on the digestive
tract of herbivores (Danthu et al., 1996). In many systems, reduction of dead litter on ground occurs, which
promotes germination in grasses. In the savannas and
grasslands of Africa, Europe, Asia, and North America,
plant species and herbivores have evolved under their
mutual influence, with livestock species taking the place
of reduced numbers of wild herbivores. In Oceania and
the savannas of South America, on the other hand,
native vegetation often appears less adapted to grazing, leading to greater impacts on biodiversity and the
transformation of ecosystems caused by increased pressures related to livestock due to detrimental overgrazing
and the introduction of invasive species (Ibrahim et al.,
2003).
Like native herbivores, livestock can be part of the
ecosystem. But overstocking of grazing lands significantly
affects ecosystem functioning, and livestock can transform shrublands, grasslands, and forests and compete
with wild herbivores. Predators are considered a threat
by herders, who respond with eradication of top predators, which in turn affects other aspects of biodiversity
in a given region. Livestock’s impact on soils leads to
land degradation. Overgrazing reduces the function of
protection of the soil surface through reduction of plant
cover and contributes to the degradation of riparian forests, with detrimental effects on water flow. (See Chapter
7.) In addition, overstocking of livestock causes erosion,
and in some areas bush fires used by herders have longterm consequences on soil fertility. Also, disturbances by
livestock facilitate dissemination of invasive plant species in degraded environments.

Impacts on Rangelands
Extensive grazing modifies the competition and balance
between plant species (Hiernaux 1998) and between herbaceous and tree/shrub covers: at the landscape level,
grazed grasslands and rangelands often expand while
wooded areas or ligneous plant density are reduced (except in wooded savannas, where grazing can stimulate
shrub encroachment) (Zoumana et al., 1996, Ouattara
and Louppe 2001). Mixed production systems combine
land clearing for crop establishment with livestock grazing. This can result in potential overgrazing through the
concentration of animals around fields and watering
areas.
Overgrazing is often the initial cause of desertification
in places where animal density is high and livestock mobility insufficient. Degradation of grazing resources leads
also to uncertainty of fodder availability for livestock,
low livestock productivity, and loss of pasture species;
this is occurring in India (Singh et al., 2005), where the
result is a reduction of rangeland biomass production
except in mountainous regions (Chandel and Malhotra
2006).
In West Asia and North Africa, desertification is a
major threat. Overgrazing due to extensive livestock
farming is the most common cause of range degradation.
In Syria, the livestock population is three times the estimated rangeland carrying capacity (Nahal 2006). The
consequence is the loss of biodiversity, forage biomass,
and soils. In the southern steppe of Tunisia, the perennial plant cover—an indicator of rangeland ecosystem
health—has been so degraded during the last three decades that the natural vegetation has been replaced by
invasive and unpalatable plant species such as Astragalus armatus (Jauffret and Visser 2003).
In Australia, native perennial grasses are particularly
susceptible to overgrazing because they have not evolved
with large herbivore numbers (Ash and McIvor 1998),
which is a different situation than is found in most other
pastoral regions in the world. Exotic species have been
selected and seeded for pastures, as the native grassland
species are less palatable and less resilient to grazing. This
reduces the native biodiversity, which leads to less stable
ecosystems. Invasion by alien invasive plants has led to
major changes in extensively managed landscapes.
In Central America, the Amazon Basin, and the Andes
region, various estimates indicate that between 30 and
60% of the area under pasture is degraded (Szott et al.,
2000, Etter et al., 2006). In Guatemala, animal productivity declines linearly as the level of pasture degradation
increases; average losses in income on degraded pastures
compared with the potential production of well-managed
pasture are estimated at 60% (Betancourt 2006).
Livestock facilitate the spread of alien plants in pastures, some of them becoming invasive in overgrazed
areas (e.g., Sida rhombifolia, and Chromolaena odorata
in tropical Africa, Euphorbia esula in North America).
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Protected forests are often illegally used by herders for
shelter, grass, forage trees, and shade, particularly during
cropping time. Invasive shrubs are a problem in northern
Australia (Grice 2004), and introduced grass and forb
species brought in to increase livestock productivity are
spreading. While this is positive for livestock productivity, it is also raising environmental concerns (Childs
2002).
Impacts on Vegetation
Most natural rangelands and grasslands have been grazed
for long periods of time, often for centuries, without serious degradation. This has often been the case in the Old
World, such as the arid regions of sub-Saharan Africa
and India, the steppes of Central Asia, western Asia, and
North Africa, the tundra of northern Europe, and the
alpine meadows of many mountainous regions (Table
10.4). But with today’s expanding human settlements
and more-intensive grazing, these regions are adversely
affected by livestock grazing (Conant et al., 2001). (See
Box 10.4.) Vegetation studies demonstrate ecosystem
sustainability and the reversibility of plant diversity;
other areas show signs of heavy grazing and degradation
of vegetation.
According to the paradigm of nonequilibrium in dry
rangelands between annual pasture biomass and stocking rate (Ellis and Swift 1988, Behnke et al., 1993), the
pastoral system itself is naturally regulated by the level of
resources, a mechanism protecting the environment. But
external interventions that create overstocking problems,
with long-term negative environmental consequences,
such as the growing feed supplementation enabled by
transportation to livestock in rangelands, bolsters high
stocking rates that ecosystems cannot support.
In sub-Saharan Africa, impacts of livestock on vegetation vary: in arid Sahelian regions (such as Mauritania), the desert has progressed under the double pressure
of livestock and climate change, whereas large semiarid pastoral Sahelian regions from Senegal to Chad
showed degradations during and after the drought years
of the 1970s and 1980s, but recovery has occurred so
that vegetation cover is more or less comparable to the
predrought years (Toutain and Forgiarini 1996, Diouf
and Lambin 2001, Diop 2007). The trend of grassland
biomass recovery is linked with higher rainfall, with
76% of annual rainfall since 1994 being above normal
(Anyamba and Tucker 2005). In subhumid and humid
zones, heavy grazing is resulting in shrub encroachment
and regression of the perennial herbaceous flora, leading
to diminished pastoral value (Boudet 1991). These areas
continue to produce and support pastoral activities.
In Sahelian Africa, near villages and watering areas,
the grass biomass falls below initial levels of the first
period of measurements in 1930–65 (Valenza 1981).
But there is no certainty that this situation is irreversible and that the vegetation has changed in composition

(Diouf and Lambin 2001). In Central Asia, the steppe is
degraded around settlements, but elsewhere there is no
evidence of rangeland degradation (Gintzburger et al.,
2005). In pastoral areas of China, the most degraded areas are the agricultural and the semipastoral rangelands
(Han et al., 2008).
Moderate grazing can have positive impacts on grasslands by breaking crusted soils and distributing beneficial seeds (Miehe 1991). In the African Sahel, some
studies that completely excluded livestock from an area
showed the rapid reestablishment of a complex vegetation cover (Miehe 1991). In subhumid wooded savannas
of western Africa, excessive grazing and poor management of grazing areas support the establishment or regrowth of natural woody shrubs. This often leads to
shrub encroachment and invasive plants. However, appropriate grazing management can provide conditions
that optimize competition between trees, grasses, and
herbaceous growth (Rousset and Lepart 1999). Yet in
India, Namibia, and other areas, livestock dung provides
an alternative to fuelwood as a source of energy in some
areas, which may alleviate pressure on ecosystems in
terms of deforestation. Still, studies show that dung is
often a substitute where fuelwood or charcoal is already
scarce, and this use is variable, influenced by complexities in economy and the time spent obtaining fuel (Heltberg et al., 2000, Palmer and MacGregor 2009).
Under a temperate climate and in tropical mountainous areas, grazing contributes to the maintenance of
grassland meadows and prevents natural expansion of
unwanted forests, protecting the diversity of the ecosystems. This is often the case in mountainous regions of
Europe (see Box 10.5) and in Madagascar (Bloesch et
al., 2002).
Impacts on Forests
In tropical forest ecosystems, including dry, subhumid,
and humid climates, livestock are generally considered a
direct or indirect agent of degradation—directly through
excessive grazing pressure on plants and indirectly when
humans clear forest to establish pasture. Dry tropical
forests are threatened everywhere not only by firewood
harvest or land clearing for cropping but also by grazing
ruminant livestock. In southern Europe, extensive systems are strengthened by rising recognition of the environmental services they provide.
In wet tropical ecosystems, deforestation has reached
critical levels; for several reasons, throughout Central
and Latin America deforestation is oriented to livestock
ranching. Land clearing to secure land rights is the first
objective, and livestock farming is usually only a subsequent activity on cleared lands.
Forest degradation and deforestation transform biologically diverse and complex tropical forests into simplified shrub and grassland with introduced flora (Harvey
et al., 2005, Etter et al., 2006). The direct effects of
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deforestation include degradation of natural habitats,
ecosystem fragmentation, and concurrent loss of landscape connectivity (Laurance et al., 2002). The remaining natural habitats are degraded by hunting, plant and
animal extraction, domestic animals, and the introduction of invasive alien species. In such climates, the native
vegetation is not adapted to grazing, and pastures are
established with introduced, nonnative perennial forage species, which often require labor-intensive management, alter ecosystem processes within specific locations,
and can change fire regimes and other natural processes
(D’Antonio and Vitousek 1992, Mack et al., 2000).
Impacts on Biodiversity, Flora, and Fauna
Faunal biodiversity outside of protected areas has been
rapidly declining for several decades in most tropical
countries due to various human activities: agriculture
and livestock expansion, hunting and poaching, disease
transmission from domestic animals to wildlife, natural
habitat fragmentation and ecosystems degradation, and
political conflicts (Chardonnet 1995). In pastoral areas,
livestock and wildlife can coexist. But the most important impacts of livestock on biodiversity may be indirect
and not easy to see. (See Chapter 8.)
For most of the extensive grazing lands of the world,
loss of biodiversity remains a major challenge. While the
loss is not as great as in highly developed and fragmented
agricultural landscapes, a greater societal responsibility
seems to be placed on pastoralists to better manage and
conserve biodiversity because of the structural intactness
of most extensive landscapes.
Under certain conditions, cohabitation of pastoralists
and wildlife can positively contribute to maintenance of
rangeland ecosystems and can provide potentially favorable conditions for wildlife outside of protected areas.
But inside these areas, livestock are rarely tolerated, and
conflicts between wardens and herders occur (Toutain
et al., 2004). (Conservation initiatives and wildlife–livestock interface in Africa, where the diversity of wildlife
is threatened, are discussed in Chapter 8.) In Australia,
particularly in Queensland, extensive tree clearing and
sowing with introduced pasture species has greatly improved beef production, but this has come at a high cost
to biodiversity (Lonsdale 1994).
Deforestation leads to the loss of native plant communities, loss of habitat and resources for wildlife, and
the disruption of ecological processes such as wildlife
territory expansion, plant pollination, and seed dispersal. In line with biodiversity hot spots, endemic species
undergo exceptional loss of habitat, as has happened in
Mesoamerica (Myers et al., 2000), Madagascar, or New
Caledonia. Species that are particularly vulnerable to
deforestation include those that require large contiguous forest, “forest interior” species that can only survive
in intact forests, endemic species with small geographic
range, and species with small population sizes that are

vulnerable to extinction (Laurance et al., 1998, Harvey
et al., 2006). Certain taxons are more vulnerable to fragmentation than others, including birds, large predators,
primates, butterflies, and solitary wasps (Bierregaard et
al., 2001, Harvey et al., 2005). Despite the concerns of
conservationists, deforestation in Latin America continues to occur, even in areas strategic for the conservation
of regional and global biodiversity (Wassenaar et al.,
2007).
In sub-Saharan Africa, plant diversity is markedly reduced in ecosystems heavily overgrazed. But under moderate grazing pressure, there is no evidence in most of the
rangelands that grazing is detrimental to the vegetation
or reduces the number of species (Hiernaux 1998, Diouf
et al., 2005, Wassenaar et al., 2007). Positive impacts on
ecosystem integrity are obtained when animal grazing
pressure is distributed throughout large areas and when
there is flexibility of livestock feeding management in the
case of drought (Bollig 2006).
The diversity of ecosystems represents a high value,
not only environmentally but also pastorally, by offering
livestock complementary feed resources. Protecting this
environmental diversity may provide profitable benefits
to both the environment and livestock.
The diversity of domestic animals is also a genetic capital under threat. The indigenous livestock breeds have
been selected and adapted for a long time to the specific
environments and are still improved in accordance to
the new rearing conditions. They constitute a considerable element of sustainability for the extensive systems
and contribute to reducing the risks when there are difficult sanitary, climatic, or feeding conditions. But they
are threatened by the preference for European breeds,
by cross-breeding with exogenous animals, and by other
forces (Ly et al., 2009). A synopsis of regional specificities of the interactions between extensive livestock systems and the environment is provided in Table 10.4.
Impacts on Soil
In agropastoral zones, erosion and the loss of soil fertility
have complex impacts on vegetation, the quantity and
quality of water (see Chapter 7), the quality of the atmosphere, and human livelihoods (Landais et al., 1991). Soil
degradation involves livestock, agriculture, and forest
management. But sound agricultural practices can also
sustain soil fertility: incorporation of manure and waste
products, for example, contributes to recycling nutrients.
(See Chapter 9.) Manure and nutrient transfers from
livestock can contribute to 80% of carbon, nitrogen, and
phosphorus returns to the soil (Buerkert and Hiernaux
1998, Dugué 1998, Manlay et al. 2004). In arid zones,
clearing land for cropping or mining can damage soils
more severely than pastoral activities and, in combination with pastoralism, can have a serious impact on land
productivity. In Australia, maintaining ground cover and
minimizing soil erosion are particularly important for
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Drivers

Changes

Low efficiency of
extensive livestock
systems

Interpenetration of
livestock and agriculture

Provide livelihood to
smallholders

Change of land rights
on common land

Provide livelihood
to rural people

Change of ownership of
common land

Population increase,
growing urbanization,
increasing demand for
food of animal origin

Population increase,
growing urbanization.
Increasing demand for
food of animal origin

Intensification
(supplementary feed)

Programs for better
access to water

Climate change (more
arid, more variable)

Pastoral mobility declining

Grazing resources
declining in productivity
and in area

Growth rate of extensive
livestock declining except
sheep

India

Fragmentation of
pastoral lands

Grazing resources
influenced by climate
change

Livestock number
increasing

Tropical Africa

Change of ownership
of common land
(state, private)

Subsidies to
agricultural input and
feed

Decline of pastoral
traditional organization
to more individual
decision

Population increase,
growing urbanization

Intensification
(supplementary feed,
transport)

Pastoral mobility
declining

Grazing resources
declining in
productivity and in
area

West Asia North Africa

Social pressure to
maintain landscape,
environment and
cultural heritage,
development of
tourism

Decline of traditional
land use control

Demand for specific
animal products

Rural depopulation

Intensification
(supplementary feed)
and specialized
livestock systems

Reforestation of
extensive pastures
due to undergrazing

Shrub encroachment

Extensive systems
remaining in less
favored areas (LFAs)

Southern Europe

Table 10.4. Synopsis of regional specificities of interactions between extensive livestock systems and environment

Rapid privatization
of land and
livestock in some
countries

Collapse of Soviet
Union, degradation
of meat export
market and price

Change in pastoral
use. Pastoral
mobility declining

Livestock number
decrease or
increase according
to country

Central Asia

Pasture lease
holding/free holding

Increase of property
size after periods of
decrease

Development of
tourism

Fluctuation of wool
and meat prices

Climate change
(wetter)

Intensification
(pasture improvement
by sowing)

Practice of modern
transhumance

Sheep number stable
(South), beef number
increase (North)

Australia

Price of cleared land
higher than forest

Land clearing secures
land tenure

Migration of poor,
agricultural frontiers

Increasing demand for
meat

Small farms acquired by
big livestock farms

Easiness of rearing
cattle

Fast extension of (sown
or planted) pasture
lands after forest
clearing

Latin America
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Responses

Adapt policies about
resource access rights

Intensification of livestock
systems, supplemental
feeding

Strengthen professional
organizations

Adapt policies about
resource access rights

Improve pastures by
sowing pasture species

Dung source of energy

Nutrient cycling by
manure

Degradation of grazing
resources by overgrazing

Facilitate livestock
mobility

Wildlife threatened

Nutrient cycling by
manure

Overgrazing, land
degradation

Degradation of dry
forests and woodlands
by grazing

Impacts of
Extensive systems well
extensive systems integrated within dry
environment

Adapt policies about
resource access rights

Recognize and use
local knowledge
and traditional
range management
strategies

Link innovative
technologies and
organization of
production

Fragmentation of
habitats, loss of
biodiversity

Land degradation
(desertification) by
overgrazing

Traditional systems
well integrated within
environment

Promote ecosystem
custodianship by
landholders with
agri-environmental
subsidies (state or EU
support)

Reduce fire hazard

Sustain biodiversity
and landscapes

Loss of biodiversity if
overgrazing

Systems well
integrated within
environment

Improve flock
dispersal

Facilitate livestock
mobility

Overgrazing and
land degradation
around settlements
and wells

Most grazing
lands intact,
sustain natural
ecosystems

Promote ecosystem
custodianship by
landholders with
public support

Adapt policies about
resource access
rights

Link innovative
technologies and
organization of
production

Fragmentation of
habitats, loss of
biodiversity

Invasion by exotic
weeds, pests, and
pasture plants

Localized overgrazing
and land degradation

Most grazing lands
intact, sustain natural
ecosystems

Facilitate open trade
agreements

Adapt policies about
resource access rights
to reduce deforestation

Promote intensification
of livestock systems

Improve pastures by
sowing pasture species

Carbon sequestration
by permanent pastures

Fragmentation of
habitats, serious loss of
biodiversity

Degradation of pastures
by mismanagement

Degradation of rain
forest by land clearing
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Box 10.4. Livestock Impact on Rangelands in Central
Asia

Box 10.5. Landscape Management by Pastoralists in
Southern Europe

The environmental impact of livestock reflects variations in
reform policies. Over the last decade, Kazakhstan and Kyrgyzstan carried out unintended and economically debilitating
destocking experiments, with mixed results. In Kazakhstan,
there is some evidence of regeneration of some destocked
seasonal pastures, while other areas show little response to
the withdrawal of grazing, perhaps because they were not as
damaged as the Soviet authorities had asserted (Robinson et
al., 2002, Ellis and Lee 2003, Coughenour 2006). There is also
evidence of increased degradation around large settlements
(Alimaev 2003, Alimaev et al., 2008). The availability of grazing around these settlements was initially not a problem when
flocks were small, but it has become a constraint as animal
numbers rebound. In terms of environmental impact, the spatial relocation of livestock following market reforms has therefore been as important as the decline in total stock numbers.
In Turkmenistan, there is evidence of degradation in the
form of reduced rain use efficiency even around wells used
by one or two flocks—from 500 to 1,600 head of small stock
(Gintzburger et al., 2005). Larger water points attract still
more settlers, support more animals, and produce observable changes in the composition and biomass of surrounding vegetation, though it is unclear whether the vegetation
changes are caused primarily by grazing or by firewood collecting (Khanchaev et al., 2003, Khanchaev 2006, Behnke et
al., 2008, Coughenour et al., 2008).
Herd and flock dispersal and potential seasonal mobility
limit the environmental impact of livestock. This is one of the
main results of a multicountry study on pastoralism in Inner
Asia, the region to the east of Central Asia and consisting of
Mongolia, western China, and southern Siberia: “The highest
levels of degradation were reported in districts with the lowest livestock mobility; in general, mobility indices were a better guide to reported degradation levels than were densities
of livestock. This pattern corresponded with the experience
of local pastoralists. At six sites, locals explicitly associated
pasture degradation with practices that limited the mobility of
livestock” (Sneath 1998, p. 2). Research in Kazakhstan supports these conclusions (Kerven et al., 2003, Alimaev et al.,
2008).
In general, from an international perspective, livestock
production is considered less damaging than the more easily
substantiated environmental degradation in Central Asia—including nuclear pollution, the decimation of wild saiga (Saiga
tatarica) populations by poachers, the dessication of the Aral
Sea due to excessive water extraction for cotton production,
and soil salinization caused by poor irrigation management
(Glantz et al., 1993, O’Hara 1997, Milner-Guland et al., 2001).

In Europe, the environmental function of extensive livestock
systems was unknown or neglected. When pressure on natural resources was high due to a high population and livestock
density, the general opinion put emphasis on damages from
overgrazing. Since the second half of the twentieth century,
the positive role of environmental preservation has been
recognized and assessed (MacDonald et al., 2000). Today
traditional practices in pastoral-based systems are generally considered well integrated within the environment (Bignal and McCracken 2000). The social control of traditional
communities on land use is acknowledged to have positively
preserved resources over the long term (Balent and StaffordSmith 1993). Over centuries, traditional agropastoral systems
shaped the ecosystems and the landscape. The current biological and aesthetic value of the wide variety of rural landscapes in southern Europe has been created and maintained
by long-established farming systems (Rubino et al. 2006).
Throughout southern Europe, it is evident that change in
land management strategies at farm level and accelerated agricultural depopulation (1960–1980) and had major negative
impacts on the environment (MacDonald et al., 2000, Hadgigeorgiou et al., 2005). Pressures to maintain farm incomes
resulted in intensification of the most accessible and highest
quality lands along with extensification or abandonment of
the other areas. The reduction or collapse of traditional management practices, in particular for pastoralism, hay making,
and meadow management, had a strong negative impact on
the environment, causing loss of diverse grassland vegetation
and associated faunal biodiversity. Land abandonment results
in shrub encroachment and spontaneous reforestation, which
can be detrimental to the services and the cultural and ecological value of landscapes. Such changes can also jeopardize local economies that rely increasingly on leisure activities
and tourism.

trying to minimize sediments and nutrients going into
rivers, especially those that feed into sensitive marine environments such as the Great Barrier Reef (O’Reagan et
al., 2005).
Some agroforested landscapes are specific to mixed
farming systems, and these may include hedges of native or introduced bushes to protect crops from livestock
(euphorbs and cacti) and agroforests with forage trees
(Faidherbia albida) that provide for integrated utilization of resources.
Wildfires contribute to soil and ecosystem degradation. In dry areas, pastoralists usually avoid bushfire
events and may organize fire prevention measures. In
most subhumid and humid zones of western Africa,
burning savannas is a common practice. When applied
early and controlled to meet the needs of livestock, fire
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management can be an efficient tool for pasture and open
landscape maintenance (for Europe, as an example, see
Buffière 2000). In Australia, alteration of fire regimes and
overgrazing have resulted in an increase in native shrubs
in many rangeland regions (Burrows et al., 2002).

restoring the rangelands could be equivalent to a 30%
reduction in carbon emissions caused by humans (Demment 1997).

Impacts on Greenhouse Gas Emissions
The reduction of woody vegetation in several grazed terrestrial ecosystems such as those in Latin America represents a loss of carbon sequestered by vegetation. When
adding the corresponding quantity of carbon dioxide
(CO2) represented by the loss of forests and the global
methane production of ruminants, livestock substantially
contribute to carbon dioxide emissions. Grazing and
mixed systems in the tropics and subtropics are the main
contributors to methane emissions by ruminants, explained by the low productivity of livestock and the poor
quality of feed. But from the fermentation of manure,
extensive livestock systems produce much less methane
than intensive mixed farming and industrial systems do
(de Haan et al., 1997).
Yet under conditions of moderate grazing, many livestock systems provide the environmental service of carbon sequestration. In spite of their low carbon contained
in soils and biomass, rangelands play an important role
in sequestering atmospheric carbon because of their
large size. And the permanent pastures established after
deforestation represent carbon sequestration by underground and aboveground biomass, as well as by an increase in organic matter contained in soil (Dutilly-Diane
et al., 2004). Trees naturally protected in grazed wooded
rangelands and savannas, as well as trees in silvopastoral systems and planted trees in agroforestry systems, are
other sinks of carbon.
The mitigation effects on greenhouse gas (GHG)
emissions of different practices in cropland, livestock,
and manure management are largely acknowledged in
the scientific community, but the importance of grazing
lands management and pasture improvement is often not
taken into consideration. By reestimating the global CO2
mitigation potential from croplands and permanent pastures from previous studies (Lal and Bruce 1999, Conant
et al., 2001), Smith et al. (2008) showed that the management of permanent pastures through a combination
of practices like grazing intensity, fertilization, nutrient
management, fire management, and species introduction
(legumes) could represent a CO2 mitigation potential of
1360–1560 Mt CO2~eq. yr–1, which represents 70% of
what would be the potential of cropland management.
In Latin America, deep-rooted grasses sequester significant amounts of organic carbon deep in the soil. Fisher
et al. (2002) evaluated sequestration of 100–500 Mt
CO2~eq. yr–1 by introduced pasture species in the savannas. In Central Asia, recent estimates show that rangelands are important in the global sequestration of carbon
(Johnson et al., 1999). Within the former Soviet Union,

Sustainable Improvement of Extensive
Systems Performance
The most obvious and most common way to develop extensive systems has been upgrading their performance.
The technological innovations adopted have included
pasture and livestock improvement, while improving
transhumance conditions have contributed to rangeland
management.

Responses to Terrestrial Impacts

Pasture Productivity Improvement

The low natural productivity of rangelands constitutes a
limit to improving extensive production. Improved use
of natural pastures has been proposed and tentatively
applied on numerous occasions, either on controlled or
private lands (see, for example, descriptions of North
American or Australian rangeland management) or on
communal rangelands. (See Box 10.6.)
The main pillars of improving rangeland use sustainably include the following:
• Moderate pasture use and a sound management plan
that preserves plant regeneration (often through
keeping animals out on a rotational system) and that
regulates grazing pressure and stocking rate
• The rehabilitation of degraded areas (periodic
exclusion of livestock for vegetation resting,
reseeding, adapted tillage)
Box 10.6. Adoption of Environmental Practices on
Australian Farms
In Australia, while the issues and drivers of land degradation
are now well understood, it is still a challenge for the pastoral industry to adapt and change management practices to
avoid degradation. The solution lies with government policies
around land stewardship. However, it is unlikely that all land
managers will achieve economic, social, and environmental
outcomes without a more proactive land stewardship policy
that recognizes such issues. Caring for biodiversity conservation is a responsibility of government and may be beyond the
reasonable duty of landholders.
A unique feature of Australian agriculture in the last 15
years has been the Landcare movement. This was largely
driven from the ground up as a landholder initiative to improve
land management. The Commonwealth government quickly
realized the importance of this initiative and has facilitated its
implementation and growth through grants to coordinate and
undertake on-ground improvements.
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• The introduction and reintroduction of native (or
carefully selected introduced) species in the pastoral
vegetation (adapted grasses, legumes, fodder trees)
These principles can be strategically used by grassland
managers when they control areas and livestock, based
on their level of knowledge, labor availability, and economic considerations.
In the case of communal pasture areas, the resources
are shared between users, and other regulation principles
apply: the main one is the mobility of livestock—allowing herders to avoid overgrazed or poor areas and reach
better pastures. The other is based on collective decisions
of management (e.g., to avoid temporarily sensitive areas), reinforced by an authority recognized by all. Another tool of regulation can be payment for using the
resources (water access, pasture use), which is described
further later in this section. The relevance of this principle depends on the social and cultural context; it appears less applicable in most communal rangelands—at
least for pastures and to a lesser extent for water (Ancey
et al., 2008).
Many development projects in dry areas have involved
rangeland management activities; however, most of them
are usually the result of a top-down approach by remote
central administrations, and they often fail because they
do not take into account actual constraints and opportunities of the farmers. The concept of “holistic management” of pasture (Savory and Butterfield 1999) has
been tested in various situations, with a positive impact
in controlled situations but with unequal results in collective areas. With the similar objective of organizing
pasture use and rational management among herders, a
project based on wire fencing implemented in a communal pastoral area of the Senegalese Sahel failed, as it did
not work either ecologically or socially (Thébaud et al.,
1995). For rangeland rehabilitation, several technologies
are applicable, but the results in the long term depend
completely on the ability to control degradation factors
(Toutain et al., 2006).
Livestock Productivity Improvement

Progress in animal genetics for extensive livestock depends on two contradictory requirements: an increased
capacity for production through productivity improvement and a preserved hardiness and resistance to harsh
and variable environmental conditions. Livestock farmers
and pastoralists permanently practice genetic adaptation
of their animals, crossing females with males acquired on
the market or even imported. In western Africa, pastoralist migrants in savanna regions have crossed their Sahelian zebu cattle with local bulls (Bos taurus cattle), which
are much more tolerant of trypanosomiasis. In Latin
America, ranchers and fazendeiros create crossed herds
with imported bovine breeds from the United States or
Europe.

However, crossing cattle breeds is not applicable in
particular environments. In sub-Saharan Africa, several
experimental importations of productive breeds and
crossbreeding attempts did not succeed and were soon
abandoned due to disease problems and lack of resistance to insect vectors. In tropical environments, the local breeds—in spite of their limited performance—have
demonstrated better resistance to stress and adaptability
than Western breeds.
Pastoralists and indigenous communities play a role
in the preservation of livestock genetic diversity. The majority are not concerned with the expansion of the more
common commercial breeds; they practice their own
selection in relation to local constraints. Producers in
remote areas are not easily involved with development
projects (Maier et al., 2002). Koehler-Rollefson (2002)
cites the importance of acknowledging the economic
potential that indigenous breeds represent for the livelihoods and well-being of herders through an economic
offset that considers their commercial potential.
Intensification

The low productivity and reduction in grazing areas suggest that maintaining livestock production, particularly
small ruminant production, would be difficult if the systems relied entirely on grazing resources. Supplemental
feeding is critical to support higher weights and improve
reproductive efficiency. Such a strategy is the beginning
of intensification. The level of intensification depends
on the investment capacity and the availability of supplemental feeding. But a compromise must be found
between more efficient extensive systems and the environmental impacts they generate.
Market Improvement

The specificity and sometimes the special quality of the
animal products produced by extensive livestock are an
added value. New urban food habits and rising incomes
have increased interest in safe and regional products. In
Europe, extensive livestock farming is now adapting its
traditions to high-quality production, on-farm services
related to tourism, and the preservation of natural and
cultural heritage (Rubino et al., 2006).
Globalization and open trade agreements create conditions for modernizing the livestock sector and improving competitiveness. However, international standards
and regulations to control animal diseases during transboundary movements and to improve food safety and the
environment can marginalize small farmers while benefiting wealthier producers (Henson and Loader 2001,
Hall et al., 2004). The trade agreement between Central
America and the United States, for instance, imposes
health, food safety, and environmental standards on exports (Nicholson et al., 1995). In Argentina, the private
standards set up by the dairy sector are much more stringent than public standards (Farina et al., 2005). Special
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policies must be developed to incorporate small farmers in the livestock marketing chain (Cordero 2005). For
example, the milk sector in Costa Rica has organized a
massive program in technical assistance and training for
farmers (Pomareda 2001).
Multifunctional Resources Strategy

As far as extensive grazing systems are concerned, individuals involved in livestock production, development, and
research do (or should) consider biophysical and socioeconomic issues together. The reduction of pastoral areas, the
evolution of land tenure, degradation of pastoral resources,
and changes in livestock systems make sense if they are
understood within the global ecological, economical, and
social evolution in which pastoral activity is only one of
various livelihood strategies used by rural households.
Solutions to constraints and management problems are
best addressed by viewing these pastoral environments as
linked socioecological systems that are complex in nature
(Fernandez et al., 2002). Understanding this complexity is
necessary in order to propose and apply simple management responses adapted to the context. In addition, land
management at the landscape level requires coordination
and spatial organization between all land users, not just
those involved in livestock production.
Developing simple management responses requires
a complete change in management philosophy and approach, but there are some good examples of how this
has been achieved successfully (Landsberg et al., 1998).
Joint innovative technologies and organizational aspects
have been explored in West Asia and North Africa to improve animal production and sustainable range management, such as growing useful and ecologically adapted
forage plants (Nefzaoui 2003) or optimizing the use of
local resources (Genin et al., 2007). The Jordan’s Wadi
Araba project uses a participatory approach somewhat
effectively to associate conservation of resources with
pastoral production (Rowe 2003). Community-based
goat fattening and marketing units are associated with
a plan of rangeland management that alleviates grazing
pressure.
Payment for Environmental Services

The concept of environmental services provided by natural ecosystems is expanding to the global arena. However,
the methodology of valuation is a challenging component
due to the inherent spatial and temporal variability of the
natural processes involved and their interdependent and
often intangible nature (Turner et al., 2003). The challenge when valuing ecosystem services is considering the
ecological, economic, and societal aspects of livestock
production together (Daily et al., 1998, Winkler 2006).
In some regions, payments for environmental services
are already in place, focusing on specific ecological objectives. In southern Europe, societal and policy pressures on
agriculture for the delivery of environmental and other

public goods are steadily rising. Increasing attention is
paid to the capacity of livestock systems to manage land
and maintain sustainable rural area development. The
future of extensive livestock farming depends on its capacity to meet such multifunctional objectives.
In the United States, the Grassland Reserve Program
of the Natural Resources Conservation Service pays
ranchers to protect or restore private rangeland (USDA
2003). The participants can choose between a rental
agreement for a period of 10–30 years or an easement
(30 years and beyond).
The idea of paying for environmental services provided by healthy rangelands is also emerging in developing countries. A program of payment for the conservation
of wildlife is being promoted in East and Central Africa
(ALive 2006). With the growing carbon market, new opportunities might arise through emerging carbon management programs or voluntary carbon markets (Taiyab
2005). In Central America, farmers practicing silvopastoralism are paid for the carbon sequestrated in tree
plantations. The evaluation of the potential of carbon sequestration offered by rangelands is presently extended
to more arid regions (FAO 2004).
Management of Mobility and Transhumance

Mobility allows pastoralists and farmers to feed livestock
adequately and to distribute grazing pressure. Livestock
mobility in extensive systems is at the same time a technical necessity and a warranty of good pastoral resource
management. Mobility is made possible by development
of judicial measures (specific rights enacted in rural and
pastoral codes), political support, and development of
pastoral infrastructure. In West Asia and North Africa,
access to rangeland and water sources has been shared
and managed by tribes of nomads under complex traditional rights. Public policies have progressively replaced
traditional powers, and pastoral laws were enacted. In
sub-Saharan Africa, pastoral codes were or are being established, defining the rights and duties of pastoralists
and livestock herders. Guinea ratified a pastoral code in
1998, and Mauritania followed suit in 2000. The terms
were discussed after consultation with existing professional organizations. The first laws are less than 10 years
old, and their efficiency needs to be evaluated in light of
their results.
However, most administrative authorities tend to prefer a more stable citizenry, as mobile people are a potential source of conflict, are often suspected of ignoring
the law, and are easy prey for corrupt people. Livestock
mobility and transhumance are at times barely socially
and politically acceptable. Sometimes sedentary farmers, needing land for agriculture, contest the rights of
transhumance and do not respect the corridors or the
water access for herds. In western Africa, the regional institution CEDEAO (Communauté Économique des États
de l’Afrique de l’Ouest) has protected transboundary
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transhumance between member states since 1998, but
this is not always easy: for instance, Benin closed its borders to foreign herds in 1995 to avoid animal disease
introduction and conflicts with local farmers, which can
increase the risk of illegal grazing by Nigerian cattle in
the “W” Region park, a UNESCO biosphere reserve.
Development projects aim at securing mobility. In
eastern Chad, for example, demarcation of corridors for
livestock and the creation of water sources were part of
a livestock development project; they have helped thousands of Sahelian herders practice annual transhumance
to the South over more than 800 kilometers (Barraud et
al., 2001) and avoid overgrazing in the northern driest
rangelands, which are not yet degraded.
Sustaining mobility includes protecting access to all
areas essential to livestock, like dry-season pastures and
field crops after harvest. Networks of livestock paths for
transhumance and commercial herds have been marked
out in western Africa to secure mobility and reduce conflicts. Burkina Faso has experimented with “pastoral
zones,” areas delimited and defined as pastoral reserves
where field crops are not allowed.
The international project World Initiative for Sustainable Pastoralism (WISP), hosted by the International
Union for Conservation of Nature and Natural Resources
(IUCN) initially supported by the United Nations Environment Programme and the Global Environment Facility, aims at supporting the empowerment of pastoralists
and advocates for livestock mobility in pastoral areas.
Knowledge Improvement and Transmission
Considerable scientific and technical knowledge on extensive livestock improvement is already available in
reports and through resource persons. Even before the
1980s some environmental considerations were evident,
and the idea of sustainability of the systems was attracting attention. But part of this information is misused or
insufficiently known for several reasons: past failures,
most of which can be explained by insufficient social acceptance or by excessive recurrent charges for labor and
other costs; weak knowledge transmission; and insufficient adaptation to current conditions and social needs.
As a consequence, greater attention is now being paid to
indigenous knowledge.
Traditional Knowledge and Practices

Most rural people have valuable knowledge on the status
of resources and the conditions of their renewal, which
they acquired through traditional transmission and experience. Local knowledge built on centuries of such
experience sometimes leads to very sound strategies of
rangeland management. In the High Atlas of Morocco,
for instance, the traditional Agdal system has proved to
be ecologically and economically profitable and at the
same time to improve cohesion and responsibility among
the local population (Auclair et al., in press).

Agdal involves managing rangelands collectively by
resting during periods critical for vegetation growth and
by organizing pasture use. It also includes forested areas
near the villages, which provide emergency tree forage
for livestock in case of long periods of snow in the winter. Other systems, like the Hema (Draz 1990), inspired
new proposals for institutional range management,
with more or less successful results. Other varieties of
extensive livestock farming like those using multispecies production contribute to secure livelihoods and to
preserving range resources and a diversity of landscapes
(Tichit et al., 2004).
Understanding local knowledge can strengthen traditional pastoral institutions. It forms the basis for developed partnerships between the state, these institutions,
and various other stakeholders through participatory
democracy for effective comanagement of rangelands
(Taghi Farvar 2003). Several projects have thus been
launched, such as Conservation De la Biodiversité Par la
Transhumance Dans le Versant Du Sud Du Haut Atlas in
Morocco, which aims at organizing traditional pastoral
practices (transhumance corridors, opportunistic management of rangelands) and sustaining current patterns
of living (mobile schools, local institutions).
Some creative individual pastoralists and livestock
farmers are able to develop efficient innovations on their
own or collectively. Such innovators, leaders, or entrepreneurs open new efficient ways of production and
organization. For example, the Mauritanian company
Tiviski SARL processes 15,000 liters per day of camel
milk, collecting the output of hundreds of producers and
selling various products, including ultra-high-temperature milk bricks.
Professional Information and Communication

Information systems and early warning systems for the
livestock sector in some developing countries are tools
used not only by policy makers for prompt decisions but
also by farmers, pastoralists, and other stakeholders.
Services provided on-line in several languages by FAO/
LEAD and the LEAD Livestock and Environment Toolbox aim at transmitting available knowledge to all interested users, including policy makers and technicians.
In West Africa, FAO/SIPES (Système d’Information
Pastoralisme et Environnement au Sahel) is a regional information system based on a network for pastoral societies and policy-makers that facilitates sustainable pastoral
resource management, adaptation to resource variations,
and animal product marketing. SIPES is established at
the national level and involves eight countries, giving information on a dozen criteria or indicators selected by
the stakeholders and collected by specialists—from satellite images to data collected in the field and the local
markets. In Saudi Arabia, the Environment Support of
Nomads project promotes remote sensing data to provide relevant technical information helping livestock

Copyright © 2010 Island Press. Please do not copy or circulate.

Impacts of Livestock Systems on Terrestrial Ecosystems | 187

owners make decisions and minimize land degradation
(Al-Gain 1998).
The Famine Early Warning Systems Network provides
early warning and vulnerability information on human
food security and covers several developing countries.
In East Africa, the Livestock Early Warning System is
using monitoring systems (e.g., NDVI [Normalized Difference Vegetation Index], meteorological data) and onground post-effect surveys of human/animal conditions,
vegetation cover, food consumption habits, and movement and market patterns associated with pastoralists.
These networks do not target environmental sustainability issues, but they could indirectly contribute to better
resource use. In western Africa, the AGRHYMET Regional Centre (ARC), specialized institute of the Permanent Interstate Committee for Drought Control in the
Sahel (CILSS), has started monitoring Sahelian natural
resources for information and is training the livestock
sector and pastoralists.
Training and Information

The recent trend in training programs is to pay greater
attention both to extensive livestock systems and to environmental preservation. Numerous examples in each
region could illustrate this trend.
Different levels of training are addressed to the following stakeholders:
• Farmers and rural people, through active
participation in research (e.g., participatory mapping,
participatory discussions for management decisions,
use of a multi-agent system to draw scenarios) and
through participatory schools (e.g., farmer field
schools [FFS])
• Technicians and extension agents, through
environmental courses during their training in livestock,
specialized technical journals, and the broadcasting of
specific courses and interesting examples
• Scientists and policy makers, either through papers
in scientific journals or through workshops,
conferences, and congresses, as well as through
specialized high school training.
Information addressed to rural people and public opinion is provided by articles in papers, conferences, books,
and movies.
Policies, Organizations, and Governance

Laws and Codes

Several national legislatures consider rangeland and
pastoral areas as specific entities. Most African Sahelian countries have revised their rural codes, land tenure
legislation, and pastoral codes, even if further improvements are needed (Hesse 2001, Touré 2004). By assuring
pastoralists of access to strategic resources and managing
conflicts resulting from increased competition or interactions between agricultural and pastoral activities, the
lawmakers help prevent ecosystem degradation, land
fragmentation, and the destruction of rangelands, forests,
and wildlife habitats. In Central America, for instance,
interest is growing at the policy level in environmental
laws to reduce deforestation and recover degraded pastures. In Costa Rica, new forest laws and incentives aim
to increase tree resources in landscapes dominated by
cattle rearing.
Land Tenure and Land Occupation

Land tenure and rights of access to rangelands must be
considered with respect to pastoral needs. Open access to
resources can be detrimental to ecosystem integrity, but
privatization of rangelands often leads to similar tragedies due to inequitable land appropriation and cultivation in poorly adapted zones. In India, livestock farming
is practiced on over 83% of agricultural land, while
grassland systems encompass just 4%. Livestock farming
primarily consists of smallholders on less than two hectares and the landless. More than 80% of resource-poor
households depend exclusively on common property resources to provide feed for livestock.
State ownership can also lead to conflicts and mismanagement (Rae et al., 2000). In relation to common
lands, however, it can potentially be a way to promote
and support sustainable extensive livestock farming by
central government or local regulations and application
control.
For much of the Australian extensive grazing lands,
either property sizes are still large enough or additional
properties have been acquired to maintain economic viability. Maintaining a large spatial scale of operation
also helps to buffer climatic risk, and it allows modern
transhumance with herds or flocks shifted from properties that may be short in forage to other lands that have
more abundant resources. A large percentage of the extensive grazing lands in Australia is leasehold rather than
freehold, and governments are reflecting societal concerns about biodiversity by increasingly attaching dutyof-care responsibilities to lease conditions.

National and International Organizations

Globalization of exchanges and regional development
have increased the political attention given to organizations focused on rural and livestock development as well
as those advocating for the environment. Such organizations have been strengthened and become useful partners
to national organizations and structures.

Professional Organizations and Public Governance

Most of the professional organizations in the extensive
livestock sector have emerged during the last two or
three decades. They have progressively increased in number of members, capacity, and power; some federations
arise at national and even regional levels. They develop

Copyright © 2010 Island Press. Please do not copy or circulate.

188 | Livestock in a Changing Landscape: Drivers, Consequences, and Responses

a dialogue with policy makers, advocate for their sector
and their rights, and promote collective actions. In several
developing countries, the traditional authorities, which
used to supervise the collective use of natural resources,
have been weakened by land nationalization, new official power authorities, and development projects. The
new professional organizations now have a major role
to play at the local level with the local authorities, other
land users, and their own members in managing natural
resources.
Public Investments and Incentives

Public, private, and nongovernmental organizations’
investments in resource management infrastructure
like pastoral wells, boreholes, and pond programs are
sometimes suspected of being linked with environmental
degradation (livestock increase, overgrazing, and water
pollution). The same comments could be made about
the social services addressed to the livestock sector, the
veterinary campaigns against epizootics, and the road
infrastructure—all of which have resulted not only in the
reduction of farmers’ vulnerability and improvements
in their livelihoods but also in population and livestock
increases.
In fact, those public investments facilitate product
marketing and natural resources management by opening access to remote rangelands and securing livestock
activities. Basic infrastructures crucial for making marketing and exports easy—like roads, railways, shelters,
abattoirs and ports, quarantine and storage facilities—
are progressively improved, given national and regional
political priorities (see Maitima et al., 2009). Veterinary
science and health programs have significantly reduced
disease risks, minimized loss of animals (which results in
global livestock productivity increase), and improved the
quality of products. Animal health and product quality
controls contribute to improving the competitiveness of
marketed livestock products. These improvements can
generate environmental externalities, but most of the
projects now include environmental considerations and
measures. For example, tsetse control programs—the Regional Tsetse and Trypanosomiasis Control Programme
in southern Africa and the Farming in Tsetse Controlled
Areas program in East Africa—have incorporated environmental components.
On the other hand, some policies promote the diversification of activities to sustain and improve the livelihoods of small livestock farmers. In eastern Africa, dairy
in zero grazing units (mixed farming systems) and tourism (pastoral systems) can provide significant revenues.
Decentralized processing of livestock products provides
an added value to the localities.
Research

Investment in research for extensive livestock production
has been weakened by decreasing confidence in obtaining

commercially significant results and by environmental
concerns. Changing the paradigm from production increase to the search of preserving functional integrity of
ecosystems in cohabitation with these unavoidable livestock systems is providing research with new challenges.
Scientists also opened the field of research to landscape
management, considering livestock as one of multiple
challenges: multidisciplinary programs and teams include
technical, economic, social, and environmental targets. A
great deal of research still needs to be done. For example,
further research should evaluate the impacts of forest
and rangeland fragmentation on biodiversity, quantify
negative externalities of pasture degradation, and assess
externalities that affect livestock farmers and the livelihoods of the rural poor.

Conclusion: Some Lessons Learned
A Diversity of Situations
A quick survey of all the extensive livestock systems
around the world reveals the diversity of situations, societies, breeds, productions, difficulties, and environmental impacts and services. This chapter has tried to extract
the most generic issues and solutions, but it is important
to remember the variety of local realities. Each decision
must be contextualized and adapted.
Today’s large variety of extensive systems is the present stage of dynamic systems that are constantly influenced by changing environment, history, technical and
social care, investment, and now more than ever policies.
The environmental impacts of livestock also contribute
to the changes, modifying in return these impacts.
The Place of Livestock in Ecosystems
Reliable extensive livestock systems have the tendency to
be integrated into ecosystem functioning in a sustainable
way. Basically, grazing systems represent a sustainable
activity with no harmful predisposition to the environment. (See Chapter 8.) This pattern is true as long as
the resource use remains compatible with the ecosystem
capacity of regeneration. The great variety of impacts on
ecosystems depends on the diversity of composition and
functioning of ecosystems, which determines their resilience to livestock.
When levels of exploitation are too high (or too low)
and surpass ecological thresholds, the environment is altered and the sustainability of livestock production becomes questionable. Such cases result in vicious circles,
including the drivers (often ignoring the externalities),
unfair practices, and inappropriate policies that impair
natural adjustments between resource level and animal
pressure. If the resilience of the natural resource base is
not taken into account, livestock lead in dry areas to desertification and everywhere to depletion of ecosystem
goods and services (Requier-Desjardins and Bied-Charreton 2006, MA 2005a).
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Compatibility of Livestock and Ecosystems
When extensive livestock activities are observed inside
their usual terrestrial ecosystems and in interaction with
other ecosystem components, they can be classified by
their tendency to maintain or not maintain sustainable
relationships and a kind of balance. Such an analysis is
convenient to assess the performance of the livestock and
environmental managements and to foresee the trends of
evolution and limits. Four distinct situations portray the
compatibility between livestock systems and ecosystems.
Natural and cultivated ecosystems have variable interactions with livestock production systems in various regions (See Table 10.5.)
In natural ecosystems, two opposite extreme situations can be distinguished: In the first case the presence of
livestock leads to an important disturbance of ecosystem
functioning and to noticeable ecosystem changes. Such
situations can result in serious environmental degradation.
In the second case livestock activity does not cause noticeable degradation, or at least it permits the harsher human
impacts to be avoided or even provides beneficial effects

for ecosystems. Landscape maintenance is preserved or
facilitated. In this situation, livestock systems have a comparative advantage over other human activities.
In areas with an agricultural potential, correct integration of livestock and agriculture in mixed farming
systems can be profitable for animal production with
limited environmental externalities. In cultivated ecosystems, two opposite cases can also be distinguished.
In one case, associating livestock with cropping systems,
farmers not only take technical advantage of joint production but also provide some services to ecosystems,
such as soil fertilization, wild plant and animal diversity
maintenance, tree protection, and rural landscape maintenance. In another case, extensive livestock production
is not as productive as intensified agriculture, which is
preferred. The environment has the capacity for profitable and intensive land use, productive agriculture, and
a more intensified livestock system than extensive grazing; in this case, ecological considerations have another
meaning.

Table 10.5. Changes in classification of the main ecosystems and their predisposition to interact with extensive livestock production
systems

Natural ecosystems

Cultivated ecosystems

Case I

Case II

Case III

Case IV

Livestock system
in competition
with natural
ecosystem

Livestock system
has a comparative
environmental
advantage to other
rural activities

Livestock system is
complementary
to other land use

Extensive livestock
system is in
competition with
other land use

Type of ecosystems/
resources

Forest (wet, dry)
Riparian forest
Mangrove
Swamp
Grassland on soils
susceptible to
trampling
Wildlife habitats

Steppe
Rangelands
Mountainous grassland
Prairie
Tundra

Savanna
Field after harvest
Open woodland
Grazed Wetland
Grassland in
cultivated area

Cultivated systems
Cultivated pasture
Fallow

Main regions

Tropical areas of
Latin America
Tropical coastal
areas
Humid sub-Saharan
Africa
Forests in dry lands

Driest regions of:
West Asia and North
Africa
United States
Central Asia
Sub-Saharan Africa
(Sahel)
Andes
Australia
South Europe

Subhumid SubSaharan Africa
Marginal regions
of West Asia and
North Africa
India
Mexico
Tropical highlands

Regions with high
crop yield potential
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Human Capacity to Pilot Interactions between
Livestock and the Environment
Human factors greatly influence the degree of impacts.
Responsibility for the environmental impacts of livestock
production must be shared by all the stakeholders of the
extensive livestock sector and by consumers. Decisions
and practices at all levels can affect the evolution of environmental externalities. To exercise this responsibility,
stakeholders need access to appropriate information.
Scientists and technicians have a responsibility to assess
ecosystems influenced by livestock and to keep livestock
producers and policy makers informed. The role of decision makers and livestock policies is crucial in facilitating
the evolution of extensive livestock systems while preserving other ecological services.
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Human Health Hazards Associated with Livestock Production
Bassirou Bonfoh, Karin Schwabenbauer, David Wallinga, Jörg Hartung, Esther Schelling,
Jakob Zinsstag, François-Xavier Meslin, Rea Tschopp, Justin Ayayi Akakpo, and Marcel Tanner

Main Messages
• Livestock production has long been associated with
possible threats to human health in terms of zoonotic
diseases, food safety hazards from infectious agents, and
antibiotic resistance in humans arising from excessive use
of antibiotics in livestock.
• More livestock are kept in towns and intensively
marginalized as a result of the steadily growing demand
for livestock products, a gradually increasing livestock
population, urbanization, and globalization, as well as
shocks including conflict and war.
• Human health risks particularly associated with
intensive systems include occupational risks, mainly
respiratory problems arising from poor air quality in
animal houses. These systems are also associated with
antimicrobial resistance in human pathogens arising from
the use of antibiotics to increase production and to treat
livestock diseases.
• Extensive livestock are increasingly marginalized
and the specific human health risks associated with
such systems include disease transmission between
animals, wildlife, and people arising from their close
interactions, as well as the lack of animal and human health
services that limit the ability to control diseases such as
brucellosis and echinococcosis. Pressures on land and
water resources, which force extensively kept livestock
to come into more regular contact with each other and to
reoccupy the same pasture more frequently, have reduced
the ability to control livestock diseases through traditional
measures of movement and separation.
• Changes in the management of livestock contribute
to promoting the emergence and reemergence of
zoonoses. In some production systems, weak capacities
and infrastructure increase the human–animal–wildlife
interface, with negative consequences for human and
animal health.

Introduction
Livestock production has long been associated with possible threats to human health in terms of zoonotic diseases, food safety hazards from infectious agents, and
antibiotic resistance in humans arising from incorrect
use of antibiotics in livestock. With major changes in
livestock production systems, the types of threats have
changed, depending on the type of production. For example, while livestock in extensive systems may be more
exposed to infections arising from casual contact with
wildlife and other livestock, the risks and hazards associated with intensive production systems are more likely to
arise from the large numbers and high density of animals
and their contact with farm workers and traders carrying
disease agents on their vehicles and clothes (Nunn and
Black 2006).
Livestock producers, consumers of livestock and livestock products, and traders and processors of livestock
products are at risk of contracting zoonoses, including
foodborne infections and intoxications in both intensive
and extensive systems. Nevertheless, in pastoral communities of Chad, in comparison to other predominant
morbidity such as respiratory tract disorders, alimentary
disorders, or malaria, the impact of selected zoonotic
diseases on the health status of the study populations
seemed to be comparatively low (Schelling et al., 2005).
However, the disease burden in terms of disability-adjusted life-years (DALYs) has so far been determined for
very few zoonoses, and experts expect that once underreporting is better assessed, zoonoses will start to score
high from a total disease burden perspective.
This chapter examines the factors that predispose
different livestock production systems to creating human
health hazards from zoonotic diseases and environmental
conditions and the problems that arise for humans from
antibiotic resistance originating in livestock systems.
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Food safety issues are addressed in more detail in the
Responses section of this volume (see Chapter 17).

Features of the Livestock Sector and
Implications for Human Health Hazards
The livestock sector is undergoing major changes, with a
new dynamic in evidence over the last 20 years. These are
described elsewhere in this publication (see Chapter 2)
but include the following main developments (Steinfeld et
al., 2006) all of which are taking place simultaneously:
• An increased human population that has created
a fast-growing demand for animal proteins in
developing economies
• Human migration toward urban areas and the
associated development of informal urban livestock
production in developing economies
• Changes in the global distribution of livestock
production from traditional producers like the
United States and the European Union to East and
South Asia (China and India) and Latin America
(Brazil)
• Changes in production from extensive to more
intensive systems, relying on imported feed supplies
combined with new management practices in order
to supply a growing demand for animal products of
the quality required by urban retailers
• Marginalization of pastoralists and other
smallholders in less productive zones.
In addition, the last decade has seen an increased demand
for and production of crop- derived biofuel to help mitigate climate change. Added to the existing competition
between humans and animals for feed grains, this is putting additional pressure on land and bringing new land
into agricultural use, resulting in closer contact between
livestock and wildlife. At the same time, the impacts of
climate change on livestock production are threefold, affecting the distribution of crop and livestock production
systems, the water supply, and the distribution of disease
pathogens.
Social disruption induced by war adds a further dimension to disease spread when people migrate and take
their animals with them. Continuous conflict in some
areas has led to massive movements of livestock and
populations across country borders and contributed to
unstable livestock production systems as well as to total
collapse of basic services for people and livestock, including food insecurity. International regulations are not
adapted to this mobility and may contribute to pushing
livestock and products trade into illegality.
These various changes in the ecology of livestock
systems have in different ways been associated with the
resurgence of classic zoonotic diseases, such as bovine
tuberculosis, as well as the emergence of new diseases

such as the H5N1 highly pathogenic avian influenza virus. Some of these main features of the changing livestock sector are elaborated in this chapter.
Urbanization
People moving to urban centers in various developing
regions of the world generally keep some small stock
(poultry, goats, pigs) for security in the face of uncertainty. Urban livestock production is associated with
high densities of people and close contact with animals,
facilitating the transmission of pathogens. The lack of
waste management attracts wild animals (rodents, birds)
and endangers the supply of potable water.
In addition, the increased demand for food in urban and periurban centers creates opportunities for the
growth of commercial production systems. As animal
health systems are generally not the first priority when
production is extended, appropriate disease control
mechanisms are not in place, so growth often occurs in
conditions with minimal regulations to preserve animal
and human health and environmental quality. As a result, fast-growing commercial livestock production is
often associated with poor biosecurity and inadequate
waste management; processing and marketing systems
that lack food safety precautions are generally missing,
so there is an increased risk for food- and waterborne
diseases.
Globalization
Changes in the global distribution of livestock production from traditional producing countries have been associated with long global market chains for livestock
products, creating the potential for animal and human
health hazards to be transferred over long distances.
When livestock production is transferred to new regions,
there is an additional risk that this new agroecological
environment will provide an opportunity for the emergence of diseases, including zoonoses.
Intensification
Intensification refers to changes in the production systems from extensive to more intensive systems, relying on
imported feed supplies and new management practices.
Intensification without careful management can lead to
human health hazards at livestock production sites associated with air quality and the pathogen load in the environment (as discussed later in this chapter). It can also
encourage the emergence of new pathogens that may be
zoonotic (e.g., H5N1). In addition, lack of infrastructure
for milk and meat processing, including slaughtering,
may lead to contamination of milk and meat, creating
food safety hazards.
Growing and intensifying livestock sectors tend to
be characterized by periods when significant portions
of the population buy and sell their animal products
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through informal markets, which, by definition, escape
regulation. There are often inadequate food processing,
hygiene, and management protocols. The poor hygiene
of processed livestock products is a result of the low
quality of the raw products and developing countries’
lack of infrastructure and capacity for risk analysis and
quality control. The lack of easy and rapid diagnosis,
weak governmental surveillance and control capacities,
trade systems, food processing and eating habits, lack of
awareness, and inappropriate information on zoonoses
all further exacerbate zoonotic infection risk of the
population.
Competition for Natural Resources
Where forest and rangeland are opened up to animal
agriculture, or where hunting is a common source of
meat or recreation, there is closer contact between wildlife, people, and domestic animals, with opportunities to
exchange pathogens and amplify the load of pathogens
and the pathogenicity of disease agents. When production and marketing chains for livestock products become
physically longer, even crossing national boundaries,
trade offers a convenient way for pathogens to move
over large distances in a short time.
As people, livestock production, and wildlife become
more closely associated in landscapes, pathogens have
many opportunities to move among these sectors, creating public health hazards and the opportunity for the
emergence and evolution of diseases in new ecological
environments. Institutions dealing with consumer protection and health rarely keep pace with the changes in
production systems. This may be one reason for the ongoing Highly Pathogenic Avian Influenza (HPAI) panzootic, where old forms of poultry production systems are
mixed with new ones in a sector that is mainly privately
organized and where poultry health systems are only accessible to large commercial producers (Schwabenbauer
and Rushton 2007, Slingenbergh and Gilbert 2007).
Global warming and unusual weather conditions
like heavy rainfall can lead to a new distribution of vectors and diseases, with the emergence and persistence of
new pathogens or the spread of pathogens to new areas.
The spread of bluetongue in northern Europe suggests
that even a small shift in climatic conditions may aid the
establishment of a disease agent. The bluetongue virus
was known to have Culicoides imola, a midge insect, as
a main vector. As this vector does not exist in northern
Europe, the virus was only able to survive in the region
when C. obsoletus and other native midges became more
strongly involved in maintaining it. A particularly hot
summer in the first year that bluetongue virus, type 8
(BTV8) was present in Europe may have facilitated this
establishment.
The combination of new environments and climate
change poses a challenge to human and animal health

that is not yet adequately addressed by traditional health
systems.
Economic Consequences of Zoonotic Disease
The impacts of zoonotic diseases are felt in the public
health sector (via disease burden and costs of treatment),
the private sector (including out-of-pocket expenditures
and opportunity costs), the livestock sector (reduced
productivity and market losses), and the environmental
sector (disease prevention with failure to consider risk
zones infected by zoonotic diseases like trypanosomiasis
or anthrax).
The social and economic costs of zoonoses are substantial. Assessments of the burden of viral and parasitic
diseases show high costs for society (Carabin et al., 2005,
Knobel et al., 2005, Budke et al. 2006). The Sanitary and
Phytosanitary Measures of the World Trade Organization have a direct impact on national and global economies when meat trade is reduced or displaced because of
embargoes placed on export from countries with notifiable livestock diseases. When these diseases are known
to be transferable to human beings (e.g., HPAI or bovine
spongiform encephalopathy [BSE]), there can be an additional market shock effect when consumers decide not
to consume certain livestock products.
When the diseases have an associated human pandemic risk, such as HPAI, control measures at the source
can be particularly severe. In 2003 the Food and Agriculture Organization of the United Nations (FAO) reported
that one-third of the global meat trade was embargoed
due to livestock disease epidemics, which included Avian
Influenza and BSE (Karesh et al. 2005). 44 million birds
were culled in Viet Nam at an estimated cost of more
than $120 million to stop the spread of avian flu (World
Bank 2006).
The costs of zoonoses fall on both animal and human
health systems. For example, the total cost of an average
rabies postexposure prophylaxis per individual varies
depending on the country, from less than US$50.00 to
several hundred dollars.
Zoonoses are among the most seriously underdiagnosed of all human diseases (WHO/DFID-AHP, 2006),
and therefore their economic impacts are also underestimated. Some zoonoses fall into the group of more
neglected zoonoses, such as brucellosis or tuberculosis,
which tend to be undetected, unreported, and uncontrolled (FAO 2005). Some information on these is available, however. The estimated global human burden of
echinococcosis (tapeworm) may be as high as 1 million
DALYs; this equates to a loss of $765 million annually.
In Tanzania, rabies is estimated to be responsible for the
loss of 42,669 DALYs per year.
Zoonoses management and control is not limited to
the livestock sector. It has tremendous implications for
public health, wildlife and biodiversity, international
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and tourism. There is evidence of the economic benefit in
all sectors and the cost-effectiveness of zoonoses control
(Knobler et al., 2004, Kahn 2006).
For the reduction of 52% brucellosis transmission
between cattle and small ruminants through large-scale
vaccination programs, the estimated intervention costs
are $8.3 million with the overall benefit of $26.6 million
(see Figure 11.3) (Zinsstag et al., 2003). If the costs of
the intervention are shared between the sectors proportionally to the benefit to each, the public health sector
should contribute to the intervention cost. If the costs
of livestock brucellosis vaccination are allocated proportionally relative to all benefits, the intervention becomes
profitable and cost-effective for both the agricultural and
the health sectors.
Control and elimination of zoonoses is most effective with interventions applied to the animal reservoir
(Zinsstag et al., 2005b). Complex and multisectoral implications of zoonoses call for a comprehensive interdisciplinary and intersectoral evaluation and implementation
of control options. Further evidence has confirmed that
interventions to control zoonoses, particularly in extensive production systems, are highly cost-effective when
considered from a societal point of view. This could be
an area where targeted interventions have an enormous
potential for poverty alleviation, provided that it improves livestock production and human health.
In many developing countries, large rural populations, especially children and women, are not only at
higher risk for zoonotic diseases by their close contact
with livestock, they also become more vulnerable to
poverty with the loss of livestock productivity and their
marginalization from health social services such as systematic disease control (Perry et al., 2002).
Risk Perception
The perception of human health risk affects the way
that both livestock owners and health systems deal with
human health hazards of animal origin. These hazards
are often overlooked when they fall between the public
health and animal health systems or when, as previously
suggested, their burden to both is underestimated. This is
the case for diseases such as rabies, being transmitted by
dogs, or Rift valley fever transmitted by infected ruminants, as well as for foodborne diseases like brucellosis
or salmonellosis. This misperception of the problems often jeopardizes control programs for these diseases.
In addition, the risk perception for zoonoses often
depends on the stage of economic development of a society. Where people encounter numbers of health problems, like diarrhea, malaria, or tuberculosis, and when
they might rely mainly on livestock for their livelihoods,
they may choose to accept the risk to themselves in return for the economic benefit derived from their animals.
Consumers or retailers in richer countries, in contrast,
may be risk-averse. At the same time, risk perception in

economically developed countries is not equally present:
whereas consumers in Europe are very afraid of contracting BSE, the perception of risk for other foodborne diseases like campylobacteriosis or salmonellosis is generally
low. This is a major challenge for risk mitigation and risk
reduction strategies, and it can only be solved through a
partnership between the public and private sectors.

Emerging and Reemerging Zoonoses in
Extensive Livestock Production Systems
Characteristics and Dynamics of Extensive
Production Systems
Extensive livestock production systems are those that
make limited use of commercial inputs (Steinfeld and
Mäki-Hokkonen 1995). However, they can be variously
defined to include only those that use limited land—
predominantly the transhumant and nomadic pastoralist systems in geographically remote rural zones where
communities are “hard to reach” and live at the margins
of the outreach of social services (see Figure 11.1)—or
those in mixed crop–livestock farming that make little
or no use of commercial feed, such as scavenging poultry
that are housed only at night and roam freely during the
day to find whatever feed they can.
The transhumant and nomadic systems have the following characteristics that affect the way in which diseases are spread through livestock populations and from
livestock to humans:
• Mobility—In order to make the best use of scarce
pasture and water, large animals in extensive
systems are moved around, and live animals are
moved and traded within and across international
borders.
• Distance from towns—Transhumant and nomadic
systems are often found in remote areas and
increasingly in areas with scarce natural resources
unsuitable for crops or intensive livestock. In such
places, it is difficult to provide support services.
Human Health Hazards from Extensive
Production Systems
Over the last few decades, rapid and major sociopolitical,
economic, cultural, institutional, and ecological changes
have put heavy and unprecedented pressures on many
extensive livestock production systems. Two trends have
implications for human disease risk.
The first is a transformation away from extensive
and toward more intensive systems, with all of the animal and human health risks associated with that change.
This is occurring most markedly through sedenterization
of mobile livestock. Examples can be seen in pastoral
zones of West Africa, the Horn of Africa, and Central
Asia, where livestock keeping is often restricted to subsistence, mobile monetary capital, and social prestige. In
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Figure 11.1. Distribution of nomadic pastoralists.
Source: Adapted from Scholz 1991.

recent decades, however, production systems have experienced important transformations, with a shift from
resource-driven (access to resources) to demand-driven
(access to market) actions and with dynamic actors’ responses. In developing countries, former mobile populations are settling, and intensification of production
occurs as they have fewer options. (See Figure 11.2.) The
impacts of zoonotic diseases in intensive systems are discussed later in this chapter.

The second trend is the continued marginalization of
extensive systems into more remote and resource-scarce
areas, where access to markets and services is limited.
Examples can be seen in traditional African pastoral
societies, mobile for the most part, that have supported
sizable human populations under often severe environmental stress in the past (Majok and Schwabe 1996).
However, in the Sahelian zone, the equilibrium of cohabitation between pastoralists and farmers/fishers is

Actor’s
response
Securitisation
Sedentarisation

Figure 11.2. Transformation of production systems.
Source: Adapted from Djamen et al., 2005.
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increasingly disturbed (Thébaud et al., 2001). The exclusion of pastoralists from more productive pastures
(with higher agronomic potential) by farmers and the
blocking of traditional transhumance routes lead to significant disruption of the annual transhumance cycle,
increasing the ecological and economic vulnerability of
pastoral systems in dryland Africa. Attempts to replace
traditional systems with new production forms underestimated the efficiency of the traditional systems. Within
these marginalized extensive areas, lack of infrastructure
and resources increases the potential for the incidence
and impact of zoonoses.
Examples of zoonotic diseases typical of extensive
systems include brucellosis and anthrax, two of the more
serious ones. These diseases are not exclusive to extensive systems, but they can be problematic in these cases.

during the period from 1992 to 2003. A significant number (1139) of these human cases occurred in southeast
Tajikistan, namely, Khatlon, Rasht, and Pamir (Navruzshoyeva 2005), where areas contaminated by anthrax
from earlier outbreaks are used for agriculture and livestock production as land has become more scarce.
For increasingly marginalized communities, zoonoses
and food safety can be expected to become growing problems since people in these communities are often suffering from malnutrition, which exacerbates the effects of
diseases and causes people to eat meat they might otherwise have rejected. But one encouraging development is
that intervention trials involving training, simple technologies, and institutional innovations such as self-certification have had good results in improving food safety
and consumer confidence (Hatanka et al., 2005).

Brucellosis in Livestock Extensive Production Systems

Livestock–Human–Wildlife Interface and
Emergence of Zoonoses
The reduction of land available for free-range livestock
production systems, leading to growing interaction between wildlife, livestock, and humans, increases the
possibilities for transfer of disease between these populations. This interface is flexible and not well defined. It can
move temporally and spatially depending on various factors, and new interfaces are constantly created within the
system as populations shift with resource availability.
Examples have included the transmission of Nipah,
Hendra, SARS, and Ebola viruses to humans involving
intermediate amplification hosts such as pigs, horses, civets, and primates, respectively. Understanding the biology
of the natural reservoir(s), amplifying host(s), modes of
disease persistence, and transmission as well as identifying at-risk human populations are crucial in the control
of emerging zoonoses. Vertebrate animals (including humans) are reservoirs for zoonotic infection, and disease
agents (bacterial, rickettsial, viral, parasitic, and fungal)
are transmitted directly or indirectly between them.
Furthermore, escalating climate change is altering
the distribution and risk of vectorborne zoonoses (Harrus and Baneth 2005). Rift Valley fever is an example of
major human diseases that can be expected to be influenced by climate change (Jouan et al., 1990, Digoutte
and Peters, 1989). Mauritania, in proximity to the Senegal River and in particular to the Diama and Manantali
dams, was considered potentially an important risk of
amplification of the virus in relation to the migration of
people, livestock, and wildlife. Over a thousand Rift Valley fever cases occurred in the town of Rosso alone, with
an estimated 47 deaths.
The following factors influence the creation of a
physical wildlife–livestock–human interaction:

McDermott and Arimi (2002) stated that the available
data on brucellosis in humans and livestock are limited.
The highest incidences of brucellosis are found in pastoral production systems (e.g., 0.5% in Kyrgyzstan).
In Mongolia, after democratic reform and the shift
away from dependence on the former Soviet Union in
1990, human brucellosis reemerged as a major, although
preventable, important morbidity. Central Asian countries have a very high prevalence of brucellosis (Lundervold et al., 2004). The World Health Organization
(WHO) raised the question of whether, from a health
sector perspective, mass animal vaccinations or other
control efforts such as culling are cost-effective. The
economic benefits, cost-effectiveness, and distribution of
benefit of mass vaccination against brucellosis in cattle
and small ruminants were estimated in light of societal,
public health, and agricultural sector costs and benefits
by an animal–human transmission model linked to an
economic assessment (Zinsstag et al., 2005b). If costs
of livestock brucellosis vaccination are allocated proportionally to all benefits, the intervention may become
profitable and cost-effective for both the agricultural and
the public health sectors (Roth et al., 2003). (See Figure
11.3.)
Anthrax in Extensive Systems

The loss or limited use of pastures due to increased population pressure, degradation, or desertification forces
communities to use lower-quality zones, such as those
contaminated with anthrax spores. These are present
only as a result of previous livestock cases, or perhaps
wild animal cases, but the highest contamination rates
come with high stocking rates. For example, Tajikistan
has a hyperendemic/epidemic status for anthrax (WHO
2005). After agriculture reorganization occurred in 1993,
within a few years the private sector gained ownership
of 90% of livestock. Almost 2274 cases of anthrax in
livestock and 1687 cases in humans were confirmed

• Livestock production systems prevailing in the region
or in the country (e.g., extensive ranching system,
pastoral, agrosylvopastoral)
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• Social factors, such as population growth and
movements, population displacements and
migrations, changing population behavior patterns,
conflicts and political instability, and food habits
(e.g., consumption of bush meat and raw products)
• Environmental factors, such as land degradation,
habitat destruction, deforestation or reforestation,
decrease of natural resources, and climatic factors
(e.g., drought, heavy rainfalls)
• Biological factors, such as present wildlife species,
seasonal population migration, and wildlife breeding.
Deficiencies in Support Services to
Extensive Production
In the areas where extensive production systems prevail,
there are often inadequate support services (feed and water supply, veterinary services, waste management, etc.)
due to the lack of infrastructure and the large distances
that need to be covered to reach scattered populations of
animals. Zoonoses are often overlooked because they fall
in the gap between veterinary and public health. Veterinary and public health services historically have worked
independently, and the lack of cooperation has contributed to inadequate attention to and ineffective control of
zoonoses. In addition, the marketing of livestock products often follows the traditional pattern through live
animal markets and informal butcheries.
Many countries, especially those with resource constraints, lack information on the burden and the distribution of zoonotic diseases. Risks for zoonoses are
considered negligible compared with those for diseases
of higher consequence because the societal consequences
of zoonoses are not recognized by specific sectors. For
example, outbreaks of Rift Valley fever among humans
in Mauritania were mistakenly identified as yellow fever.
The correct diagnosis was made only after public health
services contacted livestock services, which informed
them of abortions in cattle, a common occurrence with
these outbreaks (Digoutte 1999).
In resource-limited and transitioning countries, many
zoonoses are not controlled effectively because adequate
policies and funding are lacking. However, transmission
of zoonoses to humans can already be greatly reduced by
health information and changes in behavior. Authorities
in Kyrgyzstan, for example, have started an information
campaign to reduce brucellosis transmission to smallruminant herders by encouraging them to wear gloves
for lambing and to boil milk before drinking it. Interventions in livestock should always be accompanied by
mass information, education, and communication programs (Zinsstag et al., 2007). Zoonoses in livestock and
humans also go undetected and unreported due to lack
of appropriate diagnostic tools, such as tests that can be
used in poorly equipped laboratories, and to the lack of
skilled technicians.
In many developing and transition countries where

extensive systems prevail, public health surveillance is
not well designed and lacks the human resources and
financial means to respond adequately to existing and
emerging zoonoses. Reporting and control are threatened
by a chronic lack of reliable and updated data specific to
livestock populations and zoonoses. Insufficient systems
for comprehensive disease surveillance and weak health
systems in general combined with resource constraints
lead to poor awareness and information on old as well
as emerging diseases. This is usually due to the scale of
priorities in the veterinary and public health sectors.
Where vaccines against zoonoses (e.g., anthrax) are
available, the quality of livestock vaccines is not always
ensured. In some instances there is a lack of independent
and regular quality control in veterinary vaccine production facilities of low-income countries. In addition, due
to the weak health services and the lack of resources,
vaccine delivery is not always ensured. Impaired safety
and efficacy of livestock vaccines have a direct impact on
the income of livestock holders and, for vaccines against
zoonotic diseases, also on their health.
One important outcome of the Pan African Program
for the Control of Epizootics is the revitalization of the
Pan African Vaccine Centre in Ethiopia, which, among
other tasks, has the mission of international independent
quality control of veterinary vaccines in Africa. There is
an urgent need to enhance capacities in these countries
and subsequently to connect various surveillance and
early warning, alert, and response systems at the regional
and international levels.
It is unrealistic to assume that in most countries delivery of veterinary services and food-safety regulations
in extensive production systems can reach international
trade standards in the short or medium term. Simpler
procedures, such as the application of Hazard Analysis
and Critical Control Point (FAO 2006), and zoning and
compartmentalization (OIE 2009) of easy and accurate
diagnostic tools and other processing techniques are
commendable but must be adapted to local demands.
The Effect of Behavior and Perception on Zoonosis
Control in Extensive Systems
In communities that practice extensive livestock keeping, close housing with livestock is not uncommon for
social and security reasons. Aerosol transmission from
animals may occur as a result of close contact with infected animals. Manipulation of abortion materials and
weak lambs (e.g., brucellosis in Mongolia), eating raw
and undercooked meat, and drinking unpasteurized milk
(in Central Asia, West Africa, and the Horn of Africa)
also exacerbate the transmission of bovine tuberculosis,
Q-fever, and brucellosis. Being a camel breeder was a
risk factor for human Q-fever seropositivity, since 80%
of camels were seropositive (Schelling 2003). For almost
all pastoral populations, three zoonoses are considered
constantly endemic and are determined also by human
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behavior: echinococcosis, brucellosis, and rabies. Other
zoonotic infections are also important, including trypanosomiasis and leishmaniasis in Africa and plague in
Asia (Zinsstag et al., 2006).
Important public health diseases may not be perceived as such by a community. Pastoralist groups generally have no concept of diseases that are transmitted
from animals to people (zoonoses), with the exception of
anthrax. Treatment-seeking behaviors may be influenced
by cultural norms—for example, the Fulani concept of
pulaaku, meaning a high degree of self-control, results in
them using health services only at an advanced stage of
disease (Krönke 2001).
The environment of livestock production is changing
rapidly, and developing countries have not been able to
respond with improved infrastructure and new or revised
initiatives supporting veterinary public health resources.
Systems in Transition
Systems in transition between extensive/low input and
intensive/high input pose a particular challenge for human health. One reason, although not the only one,
is that livestock and their products tend to be sold in
uncontrolled and informal markets favored by low incentives for quality products, while producers and poor
consumers have poor access to regulated markets or
choose not to obtain them because of cost. Marketing
of livestock products through informal markets often
carries food safety risks (Omore et al., 2001, Bonfoh et
al., 2006), exposing consumers to hazards including Brucella, Mycobacterium tuberculosis complex, Cysticerca,
Cryptosporidium, Escherichia coli, antibiotic residues,
aflatoxins, Listeria, Staphylococcus, Streptococcus, and
Salmonella.

Human Health Hazards Associated with
Intensive Livestock Production
Intensive livestock management generally means highperforming animals, indoor stock-keeping all year-round,
high animal densities per square meter of housing, highenergy feedstuff, a high degree of mechanization and automation (e.g., in feeding, water supply, manure removal,
and ventilation), a low physical labor requirement, and
often a small air volume in relation to the number of
animals in the housing unit. Typical examples of intensive management are found in high-yielding dairy cow
herds and in the sectors of poultry and pig production.
These environments can create hazards for humans, two
of which are examined here: the effects of poor air quality on people working with intensive livestock and the
problems of antimicrobial resistance created by incorrect
use of antibiotics.
Occupational Health Risks for Humans Working in
Animal Houses
Health risks associated with dust are a major hazard to

humans working with intensive livestock. Numerous
studies have demonstrated links between dust and human health in a number of livestock-related industries
(Donham 1995). A survey of 69 full-time poultry stockmen found that 20% were exposed to levels of dust 2.5
times the figure of 10 mg/m recommended under occupational health and safety guidelines (Whyte et al., 1994).
Findings such as these have led to the introduction of
strict codes to protect people involved in the intensive
livestock industries in several countries, including Denmark and Sweden. Guidelines have also been recommended for the Australian pig industry (Jackson and
Mahon 1995).
The first reports indicating health hazards for humans working in intensive livestock production systems
were published over 30 years ago (Donham et al., 1977).
A number of syndromes have been recognized in such
individuals. They range from an acute syndrome that
develops within a few hours to days of exposure to animal sheds and that is accompanied by a variety of clinical signs ranging from lethargy, a mild febrile reaction,
headaches, joint and muscle aches, and general malaise
to more chronic responses. In some cases, the initial attack is so severe that the employee terminates employment within a matter of days. In general, episodes last
12 to 48 hours, with chronic fatigue and congested respiratory passages being the most common clinical signs.
The condition has been referred to as organic dust toxic
syndrome (ODTS) or toxic alveolitis. ODTS has been
quoted as affecting from 10 to 30% of workers, depending on the type of intensive animal production and the
facilities used (Donham 1995).
Exposure to dust produces a variety of clinical responses in individuals. These include occupational
asthma due to sensitization to allergens in the airspace
and to airborne-resistant bacteria and resistance determinants (Keokuk County Study, pers. comm., David
Wallinga) chronic bronchitis, chronic airways obstructive syndrome, allergic alveolitis, and ODTS (Iversen
1999). A range of acute respiratory symptoms, described
by employees following contact with their work environment but not necessarily associated with a generalized
clinical syndrome, have also been documented (Brouwer
et al., 1986). In several studies in North America, Sweden, and Canada, the prevalence of acute symptoms was
found to be 1.5 to 2.0 times higher than chronic symptoms. In a similar study in the Netherlands, however, the
prevalences were reported to be similar (Brouwer et al.,
1986). The suggestion that the primary clinical problem
is an obstruction of the airways is supported by various
studies in which workers have been subjected to lung
function tests (e.g., Haglind and Rylander 1987).
Exposure to bioaerosols has also been shown to
cause a bronchoconstriction, hyperresponsiveness, and
increased inflammatory cells in bronchoalveolar lavage
fluids in naive subjects (Malberg and Larsson 1992). It is
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assumed that bronchoconstriction followed by reduced
ventilation of the lungs can be caused by inhaled endotoxin (ET). Experiments using nasal lavage show that
pig house dust containing different concentrations of
ETs increases the inflammatory reaction of the nasal mucous membranes of humans (Nowak et al., 1994). The
bronchoconstrictive effects of bioaerosols have also been
demonstrated in guinea pigs (Zuskin et al., 1991) as well
as stockpersons in Sweden and North America (Donham
1995).
The number of farmers and employees complaining about respiratory symptoms during and after work
in animal houses has risen in recent years. The number
of obstructive airway diseases caused by allergic compounds rose from about 90 in 1981 to approximately
700 in 1994; a slightly smaller increase from 8 to 50 was
observed for obstructive diseases caused by chemical irritants or toxic compounds (according to the Agricultural
Occupation Health Board in Lower Saxony, Germany,
1996). In a study of 1861 farmers in north Germany,
about 22% of the pig farmers, 17% of the cattle farmers, and 13% of the poultry farmers displayed airway
problems (Nowak 1998). (See Table 11.1.) Although the
causes of the relatively high incidence of health problems associated particularly with pig farming are not yet
completely understood, it seems that factors like high
concentrations of air pollutants, the composition of pig
house bioaerosols, insufficient ventilation, and poor system management may play a role. The results may also
be biased by the fact that most pig farmers in Germany
work on their own farms, which they do not easily abandon, even in the case of health problems.
Air Pollutants Found in Farm Animal Houses
Providing a safe and healthy work environment for employees is an important aspect of any industry—including animal farming (Cargill and Hartung 2001). Modern
animal production systems are, however, increasingly regarded as a source of air pollutants that can be harmful

for farmers. There is epidemiological evidence that the
health of farmers working in animal houses may be
harmed by regular exposure to air pollutants like ammonia, dust, microorganisms, and endotoxins (Donham
1987, Whyte et al. 1994, Donham 1995, Radon et al.
2002, Hartung 2005).
Further studies are required to understand the building features and animal husbandry practices that increase
the concentration of airborne pollutants in buildings
housing animals and to determine the key pollutants involved. The evidence collected in buildings housing pigs
suggests that issues such as hygiene and stocking density
(kg biomass/m) are key factors but that the composition
of pollutants or bioaerosols may vary significantly from
shed to shed, depending on a range of factors (Banhazi
et al., 2000). These include hygiene, diet, and the type of
bedding and effluent disposal system used. The composition of bioaerosols might be more important than just
the concentration of airborne particles within an animal
house atmosphere for the severity of specific occupational health problems.
The key pollutants recognized in the airspace of pig
houses are listed in Table 11.2. Under commercial production conditions the airborne particles will contain a
mixture of biological material from a range of sources,
with bacteria, toxins, gases, and volatile organic compounds adsorbed to them. Hence a more descriptive
term for these airborne particles is bioaerosol (Cargill
and Banhazi, 1998). The typical character of bioaerosols
is that they may affect living things through infectivity,
allergenicity, toxicity, and pharmacological or other processes. Their sizes can range from aerodynamic diameters of 0.5 to 100 µm (Hirst 1995, Seedorf and Hartung
2002).
Dust

Dust is the most visible part of the bioaerosol. In animal
houses it originates from the feed, the bedding material,
and the animals themselves. A small amount enters the

Table 11.1. Frequency of workplace-related respiratory symptoms in livestock farmers/
employees in Lower Saxony, Germany

Animal species

Number of persons

Pig

Sow
Fattening
Weaner

Cattle

Cow
Beef
Calf

Laying hen Broiler

Share of complaints (%)

619
799
551

22.7
21.9
23.0

1,245
895
1,190

17.4
17.2
17.8

279
47

14.7
12.8

Source: Nowak (1998).
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Table 11.2. Common air pollutants in pig houses in Denmark, Germany, The Netherlands,
and the United Kingdom

Gases
Bacteria/fungi
Dust
Endotoxin

Ammonia, hydrogen sulphide, carbon monoxide, carbon dioxide,
136 trace gases, osmogens
100 bis 1000 cfu/L air
80% staphylococcaceae/streptocococcaceae
e.g., 10 mg/m³ inhalable dust
organic matter approx. 90 %
e.g., 2 µg/m³ in piggeries

animal house with the incoming ventilation air. The dust
particles are carriers for gases, microorganisms, endotoxins, and various other substances such as skin cells and
manure particles (Donham 1989). Animal house dust
consists of up to 90% of organic matter (Aengst 1984).
The amount of airborne dust fluctuates greatly in the
course of a day and according to the type of animal. Investigations carried out in 329 animal houses in four different European Union countries (Denmark, Germany,
The Netherlands, and the United Kingdom) revealed
the dust concentrations given in Table 11.3. The results
represent 24 hours of mean values for inhalable and respirable dust (Takai et al., 1998). The highest dust concentrations are found in poultry housing, followed by
pig and cattle.
The health effects of dust particles depend very
much on the nature of the dust (organic, not organic),
the compounds the particles are carrying (bacteria, toxins), and the diameter of the particles. Particles with
aerodynamic diameters smaller than 5 µm can penetrate
deep into the lung. The larger particles are deposited in
the upper airways. High dust concentrations can irritate
the mucous membranes and overload the lung clearance
mechanisms.
Microorganisms

Along with dust particles, microorganisms can be transported into the respiratory system, causing infections.
The composition of the respirable particles in animal
houses is associated with compounds such as dried
dung and urine, skin dander, and undigested feed. The

majority of bacteria found in shed airspace have been
identified as gram-positive organisms, with Staphylococcus spp. predominating. In piggeries a considerable part
of the airborne bacteria can also be gut-associated or fecal bacteria (which are often gram-negative). Table 11.4
gives concentration values for bacteria and fungi measured in the air of different sow and fattener units. The
total bacteria count does not differ very much between
the production systems. The amount of enterobacteria
in relation to the total bacteria count is distinctly lower
in the sow houses (2.6 %) than in the fattener units (7.2
%). The samplings took place during the daytime; during
the night, the concentrations can be lower depending on
the activity of the animals and the efficiency of the ventilation system (Seedorf et al., 1998).
A considerable number of pathogens and zoonotic
agents are also present in the air of intensive animal
production units. Table 11.5 shows that 12 bacteria, 2
fungi, and 4 viruses identified in pig and poultry house
air have zoonotic properties.
Microorganisms and endotoxins belong to the aerial
pollutants that have been linked with several production
diseases (Hartung 1994, Wathes 1994) and that are assumed to pose a specific risk to the health of farmers
and workers in relation to allergic–toxic reactions of the
respiratory tract (Donham 1990) and to the residential
areas around intensive livestock enterprises. Concentrations of airborne microorganisms are particularly high in
pig and poultry houses, where they can reach about 6.43
log CFU per m3 air (Clark et al., 1983, Erwerth et al.
1983, Cormier et al. 1990, Seedorf et al. 1998).

Table 11.3. Mean dust concentrations in the air of livestock housings, mg/m³, n = 329

Animal species

Inhalable dust

Respirable dust

Beef
Calves
Cows
Fattening pigs
Sows
Piglets
Broilers
Laying hens

0.15–1.01
0.26–0.33
0.10–1.22
1.21–2.67
0.63–3.49
2.80–5.50
3.83–10.4
0.75–8.78

0.04–0.09
0.03–0.08
0.03–0.17
0.10–0.29
0.09–0.46
0.15–0.43
0.42–1.14
0.03–1.26

Source: Takai et al. (1998).
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Table 11.4. Airborne bacteria concentrations in sow and fattener
units

cfu/m³
Total bacteria
Enterobacteriaceae
Fungi

Sows

Fatteners

139,972 (9)
3,645 (8)
8,940 (8)

139,500 (4)
10,005 (4)
5,417 (4)

Source: From Seedorf et al. (1998), modified in parentheses
(number of samples).

Endotoxins

Endotoxins can trigger allergic reactions in the airways of
susceptible humans, even in low concentrations. Where
antibiotics are commonly used, dust can also contain
considerable amounts of antibiotics, up to total concentrations as high as 12.5 mg/kg dust, which may have the
potential to trigger antibiotic resistance problems when
inhaled (Hamscher et al., 2003).
Results from Seedorf et al. (1998) reveal highest concentrations in pig and poultry barns. For inhalable ETs,
mean concentrations in cattle barns range between 74
and 639 endotoxin units (EU) m–3 and for respirable ET,
between 6 and 67 EU m–3. In pig barns the respective
values range between 523 and 1865 EU m–3 and between
74 and 189 EU m–3 (respirable dust). Concentrations
were highest for poultry; mean values ranged between
3389 and 8604 EU m–3 in inhalable dust fractions and
from 96 to 581 EU m–3 in respirable dust. These reported

concentrations are far beyond an earlier proposed occupational health limit of 50 EU m–3, which was never
enacted.
Influence of Straw Litter

Surveys of straw-based shelters have shown that the concentrations of airborne particles and viable bacteria are
generally higher than found in nonstraw production systems. In a survey by Banhazi et al. (2000), the concentrations of respirable particles and airborne viable bacteria
in straw-based shelters housing pigs were around three
times higher than in naturally ventilated sheds. (See Table
11.6.) Similarly, concentrations of ETs and total airborne
particles were also higher in straw-based systems.
Strategies to Minimize the Risk of Air Pollutants for
Employees and Animals
Several approaches aimed at protecting employees on
the job are available. These include wearing protective
gear, reducing exposure levels within the buildings, and
eliminating pollutants at the source. Readers are directed
elsewhere for a recent survey on protective gear (Anonymous 2005).
Various strategies have been recommended for reducing the concentrations of airborne pollutants in animal houses. These include management measures as well
as strict hygienic rules and direct reduction techniques
such as fogging sheds with oil and water (Pedersen 1998,
Banhazi et al., 1999). All these methods have to be investigated carefully to see whether they have side effects on

Table 11.5. Pathogens including zoonotic agents (Z) known to be transmitted aerially in pig and poultry houses.

Bacteria
Bordetella bronchiseptica
Brucella suis (Z)
Chlamydia psittaci (Z)
Corynebacterium equi
Erysipelothrix rhusiopathiae (Z)
Escherichia coli (VTEC) (Z)
Haemophilus gallinarum
Fungi
Aspergillus flavus
Aspergillus fumigatus
Aspergillus niger
Viruses
African Swine Fever-like Virus (ASFV)
Avian Leukose Virus (ALV)
Avian Influenza A-Virus (Z)
Avian infectious bronchitis virus (AIBV)

Haemophilus parasuis
Haemophilus pleuropneumoniae
Listeria monocytogenes (Z)
Leptospira pomona (Z)
Mycobacterium avium (Z)
Mycobacterium tuberculosis (Z)
Mycoplasma gallisepticum

Mycoplasma hyopneumoniae
Pasteurella multocida (Z)
Pasteurella pseudotuberculosis
Salmonella pullorum (Z)
Salmonella typhimurium (Z)
Staphylococcus aureus
Streptococcus suis (Z)

Aspergillus nidulans
Coccidioides immitis

Cryptococcus neoformans (Z)
Histoplasma farciminosum (Z)

Avian infectious bronchitis virus (AIBV)
Infektiöses Laryngotracheitis Virus
Herpesvirus 2 (chicken)
Foot and Mouth Disease (FMD) Virus (Z)
Swine Herpes Virus 1 (Z)
Swine Herpes-Virus 2

Newcastle Disease Virus (Z)
Porcines respirat. Coronavirus
Swine Influenza Virus (SIV)
Teschen/Talfan Disease Virus
Hog cholera Virus (HCV)

Source: After Wathes (1995) and Schulz (2008).
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Table 11.6. Concentrations of respirable and total particles, airborne bacteria, and endotoxins in three production systems

System
Natural ventilation
Straw based
Mechanical ventilation

Respirable particles
(mg/m3)

Viable bacteria
(× 1000 cfu/m3)

Total particles
(mg/m3)

Endotoxin
(EU/m3)

0.23 ± 19
0.68 ± 67
0.30 ± 29

99 ± 67
350 ± 181
89 ± 42

1.65 ± 1.64
2.58 ± 2.18
2.22 ± 1.29

29 ± 30
89 ± 71
42 ± 33

Source: Banhazi et al. (2000).

the animals, the environment, or the meat quality (Cargill and Hartung 2001).
Reducing air pollutants in livestock housing will
provide a safer and healthier work environment for
employees and a better atmosphere for the animals, resulting in improved health, welfare, and performance.
A future-oriented sustainable farm animal production
should enhance consumer protection, economy, and the
environment in addition to addressing aspects of animal
welfare and occupational health.
Antimicrobial Resistance
With the global epidemic of antimicrobial resistance, increasing numbers of human illnesses are approaching the
point of being untreatable with current medicines. Two
main drivers of resistance are the extent of antimicrobial
use and the prevalence of resistance genes (Levy 1998).
Global resistance is affected by both human and nonhuman uses of antimicrobials (OIE/WHO/FAO 2004a).
Among antimicrobials—antivirals, antiparasitics, antibacterials, and the like—public health concern mostly focuses
on resistance to antibiotics, especially resistance developing and spreading among bacteria that are commensal
or human pathogens. Resistance in human pathogens is
largely the consequence of use in humans and in terrestrial animal agriculture (OIE/WHO/FAO 2006).
Both medical and veterinary uses of antibiotics can
create selection pressure resulting in the appearance of
resistant strains of bacteria. The presence of an antibiotic may kill most of the bacteria in an environment. But
resistant survivors can eventually reestablish themselves,
passing on their resistance genes to offspring and, often,
to other species of bacteria. Resistance genes give rise to
proteins that protect bacteria from antibiotics.
Bacteria are “promiscuous.” Microbiologist Stuart
Levy writes, “the exchange of genes is so pervasive that
the entire bacterial world can be thought of as one huge
multicellular organism in which the cells interchange their
genes with ease” (Levy 1998). Resistance in pathogenic
bacteria is important because it leads to harder-to-treat
infections, with more morbidity and mortality, as well as
to a greater incidence of infections. But even resistance
among nonpathogens can be dangerous because these
bacteria can transfer their antibiotic resistance genes to
disease-causing bacteria. Hospitals, communities, the

human gut, farms, and farm animals can all be viewed
as a single bacterial ecosystem. The genetic determinants
of resistance are disseminated throughout, respecting
neither geographic borders nor phylogenetic boundaries
(Levy 1998).
With their propensity to exchange DNA, and with
generation times as short as 15 to 20 minutes under some
conditions, bacteria are incredibly adaptive. Gene-based
antibiotic resistance therefore can evolve quickly and
can spread rapidly worldwide (Aarestrup et al., 2008). It
can take only months to years to go from the widespread
adoption of new antibiotics to the appearance of clinically significant resistance (Walsh 2000).
Animals and humans constitute overlapping “ecological” reservoirs of resistance (Wegener 2003). Human
pathogens, for example, share approximately half of the
resistance genes identified in fish pathogens (OIE/WHO/
FAO 2006). Thus antibiotic use in food animals can contribute to resistance developing and being disseminated
in other contexts such as in human medicine (OIE/WHO/
FAO 2004a). In addition, trade in food animals, animal
feed, and food of animal origin is global, which means
the occurrence of antibiotic resistance in one country’s
food supply quite possibly will pose a problem for all
countries. Global initiatives across human and animal
disciplines as well as across borders are therefore necessary for monitoring and controlling antibiotic resistance
and overuse (Aarestrup et al., 2008).
Antibiotic Use in Animal Agriculture

Very large quantities of antibiotics are used in current food animal production (Aarestrup et al., 2008).
Indeed, antibiotic usage has been integral to many intensive livestock production systems. Food animals are
typically confined in large groups, often at high animal
density and in inappropriate environments. Inappropriate housing conditions, management, and handling of
animals are the most important factors that contribute
to the development of multifactorial diseases—infectious
or noninfectious ones. The common response to these
modern diseases is currently the massive application of
antibiotics as feed additive or as prophylaxis. Meat-producing systems are designed to use breeds that can be
raised quickly to slaughter weight, often before the animals reach physical maturity. Because facilities have been

Copyright © 2010 Island Press. Please do not copy or circulate.

Human Health Hazards Associated with Livestock Production | 209

specialized for raising animals only to a particular age,
the animals must be frequently moved as they grow and
progress to maturity. The large groups and the high densities, animals’ immaturity, and the frequent movement
all predispose to the outbreaks and spread of infectious
disease (Wegener 2003).
With the use of antibiotics, the development of resistance is simply a question of “when,” not “if” (Walsh
2000). Antibiotics used for food animals are in many
cases identical to or belong to the same classes as those
used in human medicine, including many considered by
the WHO to be “critically important” (Aarestrup et al.,
2008). From the standpoint of efficiency, the delivery
of antibiotics via animal feed or drinking water might
be perceived as a practical solution, especially for systems raising poultry in very large numbers (McEwen and
Fedorka-Cray 2002). These routes for delivering antibiotics often expose bacteria to sublethal levels, however.
All these conditions favor the selection, persistence, and
spread of antibiotic-resistant bacteria capable of causing
infections in both animals and people.
Antibiotics in such systems can generally be used for
treating diagnosed disease or for prophylaxis or prevention of disease, including in animals not yet sick, or to
promote feed efficiency and growth. Antimicrobial use,
including antibiotic use, is not well tracked in many
countries, including the United States. Precise figures on
the amounts of antibiotics used in humans and in animals therefore are often impossible to obtain. What is
more definite is that in developed countries, animal production has accounted for a high share of total antibiotic
use (Steinfeld et al., 2006). How high depends on the
individual country and its oversight of antibiotic use in
animal agriculture.
As an example, relying on U.S. sources as diverse
as the Institute of Medicine of the National Academy
of Sciences, nonprofit advocacy groups, and the animal
pharmaceutical industry, it is possible to derive a consistent estimate of U.S. agricultural antimicrobial use in
2001 of approximately 20 to 30 million pounds (IOM
1998, Mellon and Fondriest 2001, Animal Health Institute 2002).
therapeutic use and metaphylaxis
Antibiotics can be used therapeutically to treat individual
animals with diagnosed disease, whether in extensive or
intensive animal farming systems. Also common is treatment of large groups of animals as soon as clinical symptoms appear in a few of them. This is also considered
therapeutic use, or, alternatively, metaphylaxis (McEwen
and Fedorka-Cray 2002; Wegener 2003).
Organic animal production is a positive approach
aiming to keep animals healthy and prevent disease from
occurring in the first place. Avoiding the use of antibiotics is a priority in that system. Certified organic production in the United States prohibits any antibiotic use.

Sick animals in these systems will still receive treatment,
of course, but the treated animal gets diverted into a
noncertified production system (Wells 2003).
Antibiotics deemed “critically important” to human
medicine are widely used for therapeutic reasons in food
animals. For example, two fluoroquinolone (FQ) antibiotics, enrofloxacin and sarafloxacin, were approved
by the U.S. Food and Drug Administration (FDA) in the
mid-1990s for treating respiratory disease in poultry.
The FQs were delivered via a flock’s drinking water supply, typically after the first birds in the flock had become
sick. FDA approval came over the objections of public
health scientists who warned it likely would increase reservoirs of FQ resistance in the human population. That
is exactly what happened. By 2000, after seeing dramatic increases in FQ resistance among Campylobacter
bacteria in poultry, on poultry meat, and in the human
population, the FDA had asked the manufacturers to
voluntarily withdraw their products from the poultry
market (FDA 2000). Campylobacter is the leading cause
of foodborne illness in the United States, and ciprofloxacin—another FQ—is one of the primary treatments for
severe cases of Campylobacter food poisoning.
While one manufacturer immediately removed its
poultry product from market, the other refused to do so
(FDA 2001b). By the time an administrative judge finally
ruled in FDA’s favor, five years later, the agency was estimating that therapeutic FQ use in poultry had resulted in
153,580 cases of FQ-resistant Campylobacter infections
per year in the United States alone (FDA 2001a). In contrast, in Australia, where FQs were never approved for
broad-scale use in animals, there has been an absence of
FQ resistance in human Campylobacter infections (Unicomb LE et al., 2006).
Cephalosporins are another important example of
a critical human antibiotic used in food animals (FDA
2003, WHO 2007). Cephalosporins, in particular the
newer injectable third- and fourth-generation ones, are
often the “last line of defense” in treating severe human
infections—such as bacteremia or meningitis involving
bacteria of food origin like Salmonella or Escherichia
coli—that are resistant to other antibiotics (Collignon and
Aarestrup 2007). It is particularly concerning, therefore,
to see in these same pathogens rising levels of multidrug or
extended spectrum beta (ß) lactamase (ESBL) resistance,
including resistance to third and fourth generation cephalosporins (Helfand et al., 2006, Rodriguez-Bano 2006).
Beta lactamases are enzymes made by bacteria to
destroy one or more antibiotics. Acquiring the ability
to produce beta lactamase or ESBL enzymes is one way
that bacteria develop antibiotic resistance. ESBLs break
down an exceptionally wide array of antibiotics. In addition to cephalosporins, ESBL-carrying bacteria can
often break down aminoglycosides, FQs, tetracyclines,
chloramphenicol, and sulfamethoxazole-trimethoprim. Such broad resistance makes it more likely that a
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physician’s first choice of an antibiotic to treat infection
by ESBL-producing bacteria is likely to fail, possibly delaying more effective antibiotic therapy for days.
There are only minimal restrictions on food animal
use of cephalosporins in industrial countries. Fewer controls in most developing countries make it likely that
third- and fourth-generation cephalosporin use is even
more widespread there (Collignon and Aarestrup 2007).
In the United States and many other countries, the approval of a new antibiotic for use with animals comes
with a requirement that products be labeled specifying
the particular purpose and animal species in which it is
to be used. However, the use of that same antibiotic in
other animal species for other “off label” or “extra label” purposes is legal unless explicitly prohibited.
Off-label use of critically important antibiotics like
the cephalosporins is common in the United States, Australia, and many other countries and is of grave public
health concern. For example, FDA records reveal that
78% of U.S. hatcheries surveyed in 2001 injected ceftiofur, a third-generation cephalosporin, into the eggs of
broiler chickens just before hatching (FDA 2002, Collignon and Aarestrup 2007). The surveyed hatcheries accounted for 500 million chickens per year. The practice
is suspected of selecting for ceftiofur-resistant pathogens
in these birds; 9% of Salmonella Heidelberg isolates in
the United States are now resistant to ceftiofur (Zhao et
al., 2008).
Even where label restraints on cephalosporins have
been attempted, as in Australia, they have been widely
ignored by agriculture authorities. Agribusiness interests
have also defied attempts to restrict antibiotic usage via
changes in labeling (Collignon and Aarestrup 2007). In
July 2008, the FDA proposed banning any extra-label
use of third- and fourth-generation cephalosporins in
food animals, citing the public health risks (FDA 2008a).
In November 2008, the Centers for Disease Control and
Prevention (CDC) supported the proposal (CDC 2008).
On November 26th, however, the FDA reversed itself
and revoked its proposal (FDA 2008b, Mundy and Favole 2008). Ironically, the FDA and the CDC are both
public health agencies and different parts of the same
U.S. federal department, the Department of Health and
Human Services.
prophylaxis and growth promotion
In many food animal production systems, it is routine
practice to treat groups of animals with antibiotics before
clinical symptoms of disease actually appear (prophylaxis). Prophylactic use is typical of intensive livestock
systems employing production-enhancing practices that
also predispose to outbreaks of disease. Antibiotics are
also given to food animals to enhance growth and increase
feed efficiency (known as growth promotion) (McEwen
and Fedorka-Cray 2002, Wegener 2003). Definitions are
not uniform across the world. The American Veterinary

Medical Association, for example, defines “therapeutic”
as including antibiotics used for treatment, control, and
prevention of bacterial disease (McEwen and FedorkaCray 2002).
Debate over how to best address antibiotic misuse
and overuse in food animal production can be sidetracked by opposing claims as to the prevalence of growth
promotion versus other uses. In the United States and
many other countries lacking programs to collect data
on antimicrobial usage, opposing claims on the degree
of growth promotion are impossible to reconcile with
any certainty. Based on the limited publicly available
data, the most transparent estimate appears to be that
nontherapeutic uses of antimicrobials (including ionophores) in food animal production in the United States
could account for around 70% of total antimicrobial
use, including human uses (Mellon and Fondriest 2001).
The general agreement on this figure calls into question
pharmaceutical industry claims that growth promotion
constitutes as little as 5% of animal antimicrobial use in
the United States (Animal Health Institute 2008).
From a producers’ perspective, the delivery of antibiotics via feed may seem like the most efficient or practical
solution. It ensures, however, that weaker, sicker animals
will consume lower concentrations of antibiotics than
healthy animals do (Wegener 2003). Beyond the concentrations used, another critical distinction between therapeutic and other antibiotic uses is how routinely they are
used throughout an animal’s life. In many intensive production systems, animals are given feed antibiotics and
other antimicrobials throughout much of their lives, exposing bacteria in these animals and their farm environments to near constant selection pressure for resistance
(NAS/NRC 1999, Chapman and Johnson 2002).
As with therapeutic antibiotics, many antibiotics
added to animal feed belong to classes that are identical or nearly so to antibiotics used in human medicine.
Widely used antibiotic growth promoters, for example,
belong to classes of antibiotics sometimes developed only
much later into critical human medicines. Avoparcin, a
glycopeptide, was a common, approved growth promoter
in Europe and Australia (but not the United States). In
1992 over 120,000 kilograms of avoparcin (10% active
ingredient by weight) were used in animals in Australia
(predominantly as a growth promoter), while only 68 kilograms of the human glycopeptide, vancomycin, were
used (JETACAR 1999).
As human pathogens like enterococci became resistant to other antibiotics, vancomycin emerged as
a critical human drug often used as an antibiotic of
“last resort.” Among nosocomial or hospital-acquired
infections, enterococci are the second to third most
important bacterial genus—vancomycin-resistant enterococci (VRE) are a dangerous scourge. VRE has
caused much more human illness in Europe than in
the United States, possibly due to cross-resistance
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Figure 3.3. The estimated global extent of grain production for animal feed.
Source: Steinfeld et al., 2006.

Figure 3.4. Geographic concentration of soybean production.
Source: Steinfeld et al., 2006.
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Figure 3.7. The global geographical distribution of the main livestock production systems.
Source: Steinfeld et al., 2006.
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Figure 4.3. Estimated feed surplus/deficit soymeal in pig and poultry production. For each 100 × 100 km cell, the balance
is calculated as the difference between the estimated soymeal production for pig and poultry feed and the soymeal
consumption by pig and poultry. The soymeal production map is derived from the estimated soybean production for
animal feed (map 8), removing the fraction dedicated to ruminants (Galloway et al., 2007) and applying a bean to meal
weight conversion factor (Schnittker 1997). The consumption map was calculated from pig and poultry meat production
maps (Steinfeld et al., 2006). National level indexes derived were first used to estimate live weight production and total feed
consumption (FAO 2006b). For each country, the share of soymeal in the feed basket composition was then extrapolated from
available data (Steinfeld et al., 2006). This share was finally used to calculate the soymeal consumption by pig and poultry
in each cell.
Source: Steinfeld et al., 2006.
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Figure 4.4. Estimated feed surplus/deficit—cereals in pig and poultry production. For each 100 × 100 km cell, the balance
is calculated as the difference between the estimated cumulated maize, wheat, and barley (MWB) production for pig
and poultry feed and the MWB consumption by pig and poultry. The production map is derived from estimated MWB
production for animal feed (Steinfeld et al., 2006), removing the fraction of MWB feed dedicated to ruminants (Galloway
et al., 2007). The consumption map was calculated from pig and poultry meat production maps (Steinfeld et al., 2006).
National level. Indexes derived were first used to estimate live weight production and total feed consumption (FAO
2006b). For each country, the share of MWB in the feed basket composition was then extrapolated from available data
(Steinfeld et al., 2006). This share was finally used to calculate the MWB consumption by pig and poultry in each cell.
Source: Steinfeld et al., 2006.
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Figure 4.5. Estimated poultry meat surplus/deficit. For each 100 × 100 km cell, the balance is calculated as the difference
between estimated poultry meat production and consumption. The production map is based on national level statistics
(FAO 2006b) distributed along animal densities corrected for the level of production intensity. The consumption map was
calculated by distributing national level statistics (FAO 2006b) along human population. In developing countries, higher
consumption levels were attributed to urban areas than to rural areas (LandScan 2005).
Source: Steinfeld et al., 2006.
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Figure 4.6. Estimated pig meat surplus/deficit. For each 100 × 100 km cell, the balance is calculated as the difference
between estimated pig meat production and consumption. The production map is based on national level statistics (FAO
2006b) distributed along animal densities corrected for the level of production intensity. The consumption map was
calculated by distributing national level statistics (FAO 2006b) along human population. In developing countries, higher
consumption levels were attributed to urban areas than to rural areas (LandScan 2005).
Source: Steinfeld et al., 2006.
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Figure 4.7. Estimated beef surplus/deficit. For each cell, the balance is calculated as the difference between estimated beef
production and consumption. The production map is based on national level statistics (FAO 2006b) distributed along
animal densities. The consumption map was calculated by distributing national level statistics (FAO 2006b) along human
population. In developing countries, higher consumption levels were attributed to urban areas (LandScan 2005) than to
rural areas.
Source: Steinfeld et al., 2006.
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Figure 4.12. Estimated distribution of meat consumption. The map was calculated by distributing national level statistics

(FAOSTAT) along human population. In countries not belonging to the OECD, higher consumption levels of poultry (a),
pork (b), and beef (c) were attributed to urban areas than to rural areas (LandScan 2005).

Copyright © 2010 Island Press. Please do not copy or circulate.

Color Section | 9

Persons per square km
00 -50
(deficit)
– 50
50
50–100
– 100

100
100 ––500
500
500
500 ––1000
1 000

1000
1 000– –10000
10 000
>
> 50000
50 000

National boundaires

Figure 4.13. Estimated distribution of human population.

Figure 5.5. Three ecological degradation syndromes associated with livestock
production systems. Values indicate mean carbon stocks (kg ha–1) or fluxes (kg ha–1
yr–1) as reported throughout the scientific literature (from Asner et al., 2004). Net
effect on C storage is depicted on far right.
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Figure 6.3. Major reactive nitrogen (Nr) flows in crop production and animal production components (AFO: animal
feeding operation) of the global agroecosystem (Tg N yr–1). Croplands create vegetable protein through primary
production; animal production uses secondary production to create animal protein. Reactive nitrogen inputs represent
new Nr (created through the Haber-Bosch process and through cultivation-induced biological nitrogen fixation) and
existing Nr that is reintroduced in the form of crop residues, manure, atmospheric deposition, irrigation water, and seeds.
Portions of the Nr losses to soil, air, and water are reintroduced into the cropland component of the agroecosystem (Smil
1999, 2001, 2002; Galloway et al., 2003). The uncertainties of these fluxes are generally presented in Smil 1999.
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Figure 6.4. The fate of 100 mass units of nitrogen (44 mass units fixed by Haber-Bosch process and applied to agricultural
field and 56 mass units produced within agricultural field by BNF in legumes) introduced to agroecosystems and used to
raise pork in industrial animal production systems. Co-products include the N lost from the system and the N contained
in by-products of production (plant matter, animal parts, etc.) that are recycled or used elsewhere. Red arrows are net N
losses; green arrows are amounts of N recycled.
Notes:
(A) Applied N losses are weighted average of losses from grain-based feed and losses from legume-based feed, where the weights are the
relative share of grain and legume protein in pig diets. Assuming a pig diet of 80% grains (8.5% crude protein) and 20% soybean meal (44%
crude protein), the diet crude protein percentage would be .80(.085) + .20(.44) = 15.6%. Grains would contribute .80(.085)/.156 = 44% of
the crude protein, and legumes would contribute the remaining .20(.44)/.156 = 56%. Assuming apparent N uptake of 80% for corn (Cassman
2002), 90% for soybeans, and 65% for recycled crop residues and manure, total losses are 1(.2).44 + (.1).56 + .35(29) = 24. The initial value of
129 units of N applied refers to N application, fixation, and available N from recycling.
(B) Losses for both legumes and grains are 25%, but 35% of plant matter is recycled back to the field.
(C) Manure losses are 65% of intake N; 35% is reapplied to crops.
(D) Assuming live animal to carcass conversion of 0.75. In practice, this would end up in dog food or other animal feed.
(E) Most carcass trimmings are recovered for animal feeds, including pet food, but were shown as fed back in this case.
(F) 16% of red meat in the United States is spoiled or wasted at the retail, food service, and consumer levels (Kantor et al., 1997).
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(a)

Figure 6.5. (a–c) Global 1o × 1o distribution (g N m–2 y–1) of (a) annual total NH3 emissions, totaling 57.5 Tg N y–1; (b)

annual IAPS emissions, totaling 31.0 Tg N y–1 (IAPS emissions are updated from Bouwman et al., 2002a; other emissions
are taken mainly from Bouwman et al., 1997) and (c) global 1o × 1o distribution of the fraction of emissions from IAPS
relative to total NH3 emissions. Regions indicated with white colors have emissions lower than 0.00001 g m–2 y–1.
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(a)

Figure 6.6. (a–d) Nitrogen deposition from (a) global total N (NOy and NHx) emissions, totaling 105 Tg N y–1; (b) NHx

deposition from IAPS, totaling 31 Tg N y–1; (c) fraction of NHx deposition from IAPS, to total NHx deposition; and (d)
fraction of NHx deposition from IAPS to total reactive N (NOy + NHx) deposition. Model calculations were performed
using the TM5 model on a global 3o × 2o resolution using meteorology for the year 2000.

Copyright © 2010 Island Press. Please do not copy or circulate.

Color Section | 15

(b)

Copyright © 2010 Island Press. Please do not copy or circulate.

16 | Color Section

(c)

Copyright © 2010 Island Press. Please do not copy or circulate.

Color Section | 17

(d)

Copyright © 2010 Island Press. Please do not copy or circulate.

18 | Color Section

(a)

-1

kg N2O-N ha yr

-1

0 - 0.25
0.25 0.5 -

0.5
1.0

1.0 1.5 -

1.5
2.0

2.0 2.5 -

2.5
3.0

3.0 >

3.5
3.5

Figure 6.7. (a–c) Global 0.5o × 0.5o distribution (kg N ha–1 yr–1) of (a) annual total N2O emissions from soils under natural
vegetation (4.6 Tg N y–1) and agricultural fields (6.0) (including arable land and grassland), totaling 10.6 Tg N y–1; (b)
annual emissions from IAPS, totaling 4.1 Tg N y–1; and (c) percentage of N2O emissions from IAPS relative to total N2O
emissions. (IAPS emissions are updated from Bouwman et al., 2002a. Other emissions are taken mainly from Bouwman
et al., 1993.) The emissions from the IAPS include 2.9 Tg N2O-N per year from fertilized cropland, 0.2 Tg N2O-N per
year from fertilized grassland, 0.5 Tg N2O-N per year from housing and storage systems, and 0.5 Tg N2O-N per year
from grazing. This reflects the intensive use of nitrogen fertilizers and the cycling of nitrogen in the intensive livestock
production system.
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Figure 6.8. Amount of DIN discharged (kg N km–2 y–1) at the mouth of rivers from: (a) all watershed

sources, totaling 24.8 Tg N yr–1 (Figure is modified from Dumont et al., 2005.); (b) animal production,
totaling 3.0 Tg N yr–1, excluding animals that are only pasture fed; and (c) percent of DIN transport
to the coast from IAPS. (The figure was developed from model output of Dumont et al., 2005.) Note
that both maps are based on 1995 input data (see Dumont et al., 2005 for detailed model and input
database descriptions). For a discussion of uncertainties in the model results, see Dumont et al., 2005 and
Bouwman et al., 2005.
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Box Figure 6.1. Phosphorus in internationally traded fertilizer, feed, and meat by continent. Data (2004) shown
in thousands of tons of P; minimum requirement for drawing a line is 100,000 tons P. Total international P trade is
composed of the following: fertilizer (7.9 Tg P); feed (2.1 Tg P); meat (0.1 Tg P). (Where Tg = 1 million tons.)

Copyright © 2010 Island Press. Please do not copy or circulate.

Color Section | 21

(a)

266
1346
5018
1145
1314

64

1019

2087

352

93

73

460
381
556

(b)

1319

40
43

1266

286

225

75
195
48

28
2163

442

24
158

125

431
1385

(c)

38

28
333

37

37

38

17
47

45
13

37
15

15
45

Figure 6.9. (a–c) N contained (k tonnes N) in internationally traded (a) fertilizer for use in feed production (total = 14.4
Tg N yr–1); (b) feed for use in meat production (total = 8.4 Tg N yr–1); and (c) meat (total = 0.8 Tg N yr–1). The data for
this figure are compiled assuming all traded fertilizer and 85% of traded ammonia are for agricultural purposes. It is
also assumed that feed and nonfeed crops receive on average equal amounts of fertilizer, and thus that the percentage of
fertilizer going to feed is the same as the percentage of crops being used as feed.
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Figure 6.10. Illustration of the nitrogen cascade, showing the sequential effects that a single atom of N can have in various

reservoirs after it has been converted from a nonreactive to a reactive form. Abbreviations: GH = greenhouse effect; PM =
particulate matter.

Source: Galloway et al., 2003.
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Figure 7.1. Different animal production systems. Basically, animals consume crops and/or graze. The choice of production
system will determine the combination of crop and grazing lands used. Illustration: T. Gordon/tovedesign.se.
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Figure 7.2. Rainwater partitioning
of terrestrial water flows and
resources. Precipitation is
partitioned into liquid water
flows (blue water) and water
vapor (green water) through
evapotranspiration. Illustration:
R. Kautsky/azote.se.
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Figure 7.3. Global hydrological
flows (km3) and livestock
production’s share (in bold text).
Estimates are unavailable for
forests and wetlands. (Falkenmark
and Rockström 2006, Gordon et
al., 2005, Oki and Kanae 2006,
Postel et al., 1996, Rockström et
al., 1999, Steinfeld et al., 2006).
Illustration: R. Kautsky/azote.se.
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Figure 7.4. Reduction of evapotranspiration flows attributed to conversion of forests to grazing lands for livestock
production. Green areas show grazing lands with no net change of green water flows, orange to red areas show reductions
of green water flows, and gray areas are other vegetation classes.
Source: Adapted from Gordon et al., 2005.
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Figure 7.5. Ecohydrological framework for connecting livestock production to consequences for ecosystem services.
Livestock production decisions (A) can result in agricultural production system (agrosystem) changes (B). These
agrosystem changes affect water partitioning processes (C) resulting in alterations of ecosystem water determinants (D),
which then have impacts on ecosystem services (E). Illustration: T. Gordon/tovedesign.se.
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Figure 7.6. Composite matrix for analyzing ecosystem effects of hydrological alternations due to livestock production
changes based on a five-step ecohydrological framework. Livestock production decisions (A) can result in agricultural
production system (agrosystem) changes (B). These agrosystem changes affect water partitioning processes (C) resulting
in alterations of ecosystem water determinants (D), which then have impacts on ecosystem functioning and thus the
ecosystem services provided (E). The matrix is marked only for the examples described in Chapter 7. Illustration:
T. Gordon/tovedesign.se.
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Figure 8.1. Conceptual model of livestock impacts on biodiversity at different spatial and temporal scales.
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Figure 8.2. Density of livestock units (LU/km2) of cattle, sheep, goats, and buffalo within 30 km of protected areas. The

actual protected areas are shown, colored by the density of livestock outside and adjacent to the protected area.
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Figure 8.3. Global extent of rangelands and crop–livestock and landless systems, 2000 to 2050.
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Box Figure 8.1. Conceptual model of possible avian flu transmission between poultry, wild birds, and other animal species.
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Box Figure 9.1. Estimated P2O5 mass balance (a) and contribution of livestock to total P2O5 supply on agricultural
land, in area presenting a P2O5 mass balance of more than 10 kg per hectare (b) in selected Asian countries,
1998–2000.
Source: Gerber et al., 2005.
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Figure 9.1. Liveweight density of cattle (kg km–2).

Figure 9.2. Liveweight density of pigs (kg km–2).
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Figure 9.3. Liveweight density of poultry (kg km–2).

Figure 9.4. Total amount of P2O5 in livestock excreta (kg km–2).
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Figure 11.3.5:
Distribution
of benefitsof
of livestock
brucellosis
vaccination in
Mongolia
Figure
Distribution
benefits
of livestock
brucellosis
vaccination in Mongolia
Source: Zinsstag et al., 2005a, with kind permission from Lancet for reproduction of this graph.
(Zinsstag et al 2005a) (With kind permission from Lancet for reproduction of this graph)

Figure 14.1. Trends in share of backyard hog inventories in the Philippines, 1990–2003

(shares computed over three-year averages).

Source: Costales et al., 2007, citing the Bureau of Agricultural Statistics 2005.
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Figure 14.2. Regional distribution of the number of registered commercial pig farms in the Philippines,

1997 and 2004.

Source: Costales et al., 2007, citing Bureau of Agricultural Statistics 2005.

Figure 14.3. Change in farm size of pig household producers in Viet Nam, 1994–2001.
Source: ILRI-HAU-IFPRI-PPLPI/FAO 2007 citing the GSO, Agriculture Census 1994, 1995, 2001, and 2002.
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developing as a result of the much broader use of
avoparcin. In 1994, a year before the European Union
ban on avoparcin, 12% of healthy Germans were found
to carry glycopeptide-resistant strains of Enterococcus
faecium, while in the United States, where avoparcin was
never approved for growth promotion, no VRE could be
detected in the guts of healthy persons, nor could VRE
be found in animals or meat products (Klare 2003).
Physically Linked Resistance

Often overlooked fundamentals of microbiology are essential for fully understanding the public health ramifications of antimicrobial use in animal agriculture (Walsh
2000, Summers 2002). The microbiology of resistance is
complex, often involving promiscuous resistance genes
widely shared even among dissimilar bacteria (OIE/
WHO/FAO 2006). Adding to the complexity is that
mechanisms have evolved whereby bacteria transfer to
one another multiple, physically linked resistance genes
at the same time:
A principal mechanism for the rapid spread of antibiotic
resistance genes through bacterial populations is that such
genes get collected on plasmids that are independently
replicated within and passed between bacterial cells and
species. Furthermore, some of these genes that reside on
plasmids . . . may be further segregated within transposons that can actively cut themselves out of one DNA
locale and hop into other locales, promiscuously moving
their antibiotic resistance-conferring genetic cargo.
(Walsh 2000, p. 777)

Some plasmids have collected a dozen or more resistance
genes. A pathogen on the receiving end of the promiscuous transfer of a plasmid thereby can become resistant to
treatment with multiple antibiotics with great efficiency.
Physically linked resistance also means that a bacterium’s
exposure to just one antibiotic can increase the selection
pressure for resistance to the other antibiotics to which
that resistance is linked—a phenomenon termed coselection.
In the United States, where the FDA has approved
at least nine different antibiotics and three arsenical
feed additives, it is common for poultry feed to contain several different antimicrobials concurrently (FDA
Green Book 2004, NAS/NRC 1999). Arsenical compounds and other metals, including zinc, selenium, cobalt, arsenic, iron, manganese, and copper, are routinely
added to animal feeds as antimicrobials as well as for
growth promotion (Steinfeld et al., 2006, Sapkota et
al., 2007). Organic arsenicals are widely used in poultry production, though not in Europe, to spur growth
and control a parasitic problem, coccidiosis. After the
phaseout of antibiotic growth promoters in Sweden, zinc
oxide was commonly added to feed to help prevent diarrhea in weaner pigs (Wierup 2001). Copper is a widely

used growth promoter in both intensive and organic pig
production; the concentrations used are 20- to 30-fold
higher than the pigs’ minimal nutritional requirements
for copper. In Europe, the concentrations of copper used
in particular pig age groups are regulated; copper feed
supplements are unregulated in the United States (Hasman et al., 2006).
Copper resistance genes are widespread across multiple countries and within potential pathogens such as
E. faecium and E. faecalis (Aarestrup et al., 2002, Hasman and Aarestrup 2005). It has been demonstrated that
the high copper levels added to feed in pig production
do select for copper-resistant E. faecium. Resistance to
metals and to antibiotics can be physically linked. Therefore, exposing bacteria to metals in animal feed could
co-select for resistance to antibiotics as well (Hasman et
al., 2006, Sapkota et al., 2006).
Public Health Implications

It is generally acknowledged that any use of antibiotics
can contribute to the emergence of resistance and promote
dissemination of that resistance into the broader microbial ecosystem (O’Brien 2002, OIE/WHO/FAO 2004a).
Food animal production is no exception. Through its intensive use of antibiotics and metals and the global trade
in both animals and food derived from them, current
food animal production facilitates the emergence and
spread of resistance.
Resistance is transmitted between food animals and
humans mainly via contaminated foods but also via other
modes of transmission, such as farmers’ or farmworkers’ direct contact with animals (Levy 1976, Price et al.,
2007), or through an environment where there are many
reservoirs of resistant bacteria and genes (Aarestrup et
al., 2008). Retail meat is commonly contaminated with
antibiotic-resistant (often multidrug-resistant) bacteria,
including foodborne pathogens such as Salmonella and
Campylobacter in addition to resistant strains of enterococci and E. coli that may colonize the human gut (White
et al. 2001; Zhao et al. 2006, 2008). But resistant bacteria are also detected in animal bedding, animal feed,
air both inside and downwind of intensive operations,
animal manure waste, and groundwater underneath and
near such operations (Chee-Sanford et al., 2001; Chapin
et al., 2005; Sapkota et al., 2006, 2007; Price et al.,
2007).
Quantification of the transmission of resistance between food animals and humans is made more difficult
not only by these multiple routes of transmission but
also by the likelihood that resistance spreads via both
resistant pathogens as well as via transferable genes in
different commensal bacteria (Smith et al., 2002).
Controlling the public health risks of exposing humans to resistance from food animals therefore can occur
either by limiting the selective pressure from antimicrobial usage or by limiting the spread of resistant bacteria or
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resistance genes. Options for the latter can include, for
example, establishment of global criteria for certain resistant pathogens for use in controlling the trade of food
animals, food products from those animals, and animal
feed. Options for limiting the selective pressure from antimicrobial usage can range from educational efforts to
influence farmer or veterinarian use of antimicrobials to
taxes that change the relative cost of antimicrobials for
use in animal feed and to regulatory or legislative bans
or phaseouts of certain antimicrobials or their particular uses, such as for growth promotion (Aarestrup et al.,
2008).
Sweden and Denmark have demonstrated that legislative bans or producer-initiated phaseouts of antimicrobial growth promotion can be quite effective at reducing
antimicrobial use. Sweden’s 1986 ban on the use of antimicrobial growth promotion led to a decrease of 55%
in total antimicrobial use in food animals (Anderson et
al., 2003). In the mid-1990s, chicken and then pork producers in Denmark voluntarily committed themselves to
sharply reducing the use of antibiotics in their largely
extensive animal production systems by phasing out
antibiotic growth promotion (excepting the nonhuman
antimicrobials, ionophores). Doing so reduced total antimicrobial use in food animals by nearly 54% (Wegener
2003).
The public health and other impacts of phasing out
growth promotion have been most closely examined in
Denmark, the world’s third-largest pork producer and
largest pork exporter. WHO undertook an expert review
of the Danish experience and concluded the following:
Denmark’s program to discontinue use of antimicrobial
growth promoters has been very beneficial in reducing the
total quantity of antimicrobials administered to food animals. This reduction corresponds to a substantial decrease
in the overall proportion of individual animals given
antimicrobials, and in the duration of exposure among
animals given antimicrobials. This represents a general
change in Denmark from continuous use of antimicrobials for growth promotion to exclusive use of targeted
treatment of specific animals for therapy under veterinary
prescription. The program has also been very beneficial
in reducing antimicrobial resistance in important food
animal reservoirs. This reduces the threat of resistance to
public health. (WHO 2003)

In terms of public health benefits, Dr. Henrik Wegener of
the Danish Veterinary Institute observes that “ending the
use of antimicrobial growth promoters has led to reductions in the prevalence of resistant bacteria in food and
food animals, as well as in humans” in all the countries
where this phaseout has occurred. Reduced resistance
in enterococci to vancomycin, quinupristin-dalfopristin
(a streptogramin), and erythromycin (a macrolide) antibiotics has been well documented following reductions

in the growth promotion use of avoparcin, virginiamycin, and tylosin in pigs and/or broiler chickens. These
reductions occurred with insignificant or no impacts on
animal health or productivity in broiler chickens and finisher pigs; in weaner pigs, there have been manageable
increases in diarrhea (scours). These minor impacts to
the animal industry contrast with the significant public
health benefits gained from reducing the selection pressure provided by antibiotic use and the subsequent decreases in reservoirs of resistance to clinically important
antibiotics. Experience across Europe, Wegener concludes, “shows that the use of antimicrobials for growth
promotion provides insignificant benefits to agriculture
and that it can be terminated” (Wegener 2003, p. 433).
Because Danish livestock production has been quite intensive and export-driven, its experience also suggests
that antibiotic growth promotion could very well be terminated across all industrialized, intensive food animal
production systems.
Models of the transmission of resistance from the
farm environment to humans indicate that the greatest
impact of animal antibiotic use occurs very early in the
emergence of resistance, when antibiotic-resistant bacteria are still rare, possibly too low even for current surveillance methods to detect them (Smith et al., 2002).
These observations support a more proactive public
health approach to antibiotic use in food animals. One
suggestion has been that regulation of animal antibiotic
use might best occur therefore before resistance becomes
a problem in human medicine, with prudent animal use
being allowed only subsequent to the development of
clinically significant resistance. It should be noted that
this is precisely not the approach regulators have taken
in the United States and elsewhere, where animal use has
basically been allowed until human resistance has exceeded a threshold.
Summary and Policy Implications

Antibiotics are widely used in food animal production,
often from classes of antibiotics important to human
medicine. This practice selects for antibiotic-resistant
populations of bacteria, thereby increasing environmental reservoirs of resistance that may then disseminate
elsewhere in the bacterial ecosystem, including to humans. Antibiotic use in humans also contributes to the
emergence of antibiotic resistance.
Adverse impacts on the human population stem not
only from growth promotion but from the heavy therapeutic use of critically important human medicines in
food animals as well. In other words, selection for antibiotic resistance will occur regardless of why that antibiotic is used. Darwin would not be surprised.
Bacteria efficiently evolve and spread antibiotic
resistance via multiple mechanisms. Microbiological
fundamentals help explain why modern intensive food
animal production facilitates the emergence and spread
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of resistance, through its extensive use of antibiotics—as
well as other feed additives to which antibiotic resistance
is linked—and through the international trade of both
animals and food products.
Because environmental reservoirs of multidrug resistance already exist in both human and nonhuman
settings, a successful response to the global epidemic of
antibiotic resistance likely will have to be comprehensive, addressing antimicrobial use across the various
animal and human settings in the bacterial ecosystem.
Experience in Denmark and elsewhere suggests policyled efforts to reduce antimicrobial use in food animal
production can be successful, with substantial public
health benefits and minimal impact on the profits or
productivity of producers. Environmental reservoirs of
antibiotic resistance will remain, however. Public health
prudence would suggest the need for greater public and
private investment in food animal production that emphasizes, through better animal health, husbandry, and
hygiene, avoiding the use of animal antibiotics in the first
place.
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The Livestock Revolution and Animal Source Food
Consumption
Benefits, Risks, and Challenges in Urban and Rural Settings of
Developing Countries
Charlotte G. Neumann, Montague W. Demment, Audrey Maretzki, Natalie Drorbaugh, and
Kathleen A. Galvin

Main Messages
• Animal source foods (ASFs) are important for optimal
protein, energy, and micronutrient nutrition. Animal
source foods of a wide variety in the human diet provide
high-quality, complete, readily digestible protein, energy,
and vital micronutrients in bioavailable form. Meat is
an excellent source of complete protein, vitamin B-12,
riboflavin, heme iron, and zinc, while milk is an excellent
source of complete protein, calcium, vitamin A, riboflavin,
and vitamin B-12. Hence, ASFs, particularly meats of a
wide variety, have the potential to address multiple macroand micronutrient deficiencies and to enhance diet quality.
• The inclusion of ASFs, particularly meat, in the diet
promotes growth, cognitive function, physical activity,
and health. Consumption of ASFs is particularly important
for women of reproductive age to improve optimal maternal
nutritional and health status, fetal growth, and pregnancy
outcome and for young children to ensure normal growth
and development. Further, causal evidence from a recent
Kenyan intervention study shows that even a modest
amount of meat in the diet of schoolchildren improves
cognitive function, school performance, and physical activity
and increases muscle mass and micronutrient levels.
• Nutritional risks and decreased function are
associated with lack of ASF consumption. Diets devoid
of ASFs are often low in energy, quality protein, and multiple
micronutrients. Such diets are associated with reduced
physical activity and work capacity, poor growth, increased
infection, reduced cognitive capacity, and nutritional
anemia.
• The livestock revolution has affected urban and
periurban populations to a much greater extent
than rural subsistence populations in developing
countries, particularly in sub-Saharan Africa. The
livestock revolution is mainly driven by Asia and Latin

America. Hence, while levels of production of meat may
have increased, undernutrition remains a large problem
for those without access to ASFs and with food insecurity,
particularly among the urban and rural poor.
• Urban populations in developing countries are
undergoing a nutrition transition. These populations
are showing increases in chronic diseases, and traditional
diets are giving way to greater consumption of energy,
sugars, fats, and ASFs and to decreased intake of fruits,
vegetables, and grains. This is occurring in combination
with an altered lifestyle, decreased physical activity, with
diet changes to street food and fast food, and with a
decreased ability to grow fruits and vegetables in urban
settings.
• The livestock revolution and increased meat
consumption are not equated with universal
dietary improvement and optimal health. Chronic
cardiovascular disease, hypercholesterolemia,
hypertension, stroke, obesity, and type 2 diabetes are
increasing in industrial and developing countries, particularly
in urban areas. Intake of high-fat meats and sugar is
associated with increased risk of developing the above
conditions.
• Health risks are associated with overconsumption
of ASFs. Overconsumption of ASFs high in saturated
fat has been associated with a number of chronic
conditions and cancer. The risk for these is affected by
individual differences in genetics, metabolism, lifestyle and
environmental factors, and the general type of main diet.
Therefore, it is difficult to precisely define an optimal range
of meat consumption. Accordingly, the World Cancer
Research Fund and American Institute for Cancer Research
recommended in 2007 that red meat consumption be less
than 500 g (18 oz.) per week, with little if any processed
meat.
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• Factors at multiple levels—community, household,
and individual—determine ASF consumption in
rural, subsistence areas. At the community level, lack
of land for growing forage and for grazing, lack of or poor
extension and animal health services, and poorly developed
markets inhibit animal husbandry and ASF consumption.
At the household and individual levels, poverty, cultural,
and religious factors governing intrahousehold food
distribution and an inability to preserve meat influence ASF
consumption. Moreover, cultural beliefs and people’s lack of
knowledge about the value of ASFs in the diets of women
and children influence their consumption.
• Nonlivestock and small animals are important
sources of ASF intake and nutritional improvement.
A wide variety of small animals, including rabbits, rodents,
birds (wild range chickens), wild game, fish, insects, slugs,
and mollusks, are important sources of ASFs globally.
Large-scale livestock production is not necessary to
improve nutritional status, particularly on a household level
in rural populations. Many small animals and other ASF
sources that can be raised by the household have the
potential to improve diet quality.
• Traditional pastoralism promotes intake of ASFs.
Traditional pastoralists have a substantial intake of ASFs,
particularly of milk and dairy products, due to better access
to these products. The transition of pastoralists in recent
years to living in settled areas, with the cultivation of crops,
has separated them from herds, with decreased access to
ASFs and poorer diet quality. Availability of grazing lands
has been steadily declining, particularly in Africa.
• There is a need for increased and improved
agricultural extension services by women for women
in order to promote small-animal husbandry for
household animal production for consumption.
Agricultural extension is vital to promoting knowledge about
and improvements in household small-animal husbandry at
a household level. Women along with school-aged children
perform most small-animal rearing activities in many areas
of the world. Knowledge about how to preserve and
prepare ASFs and nutrition education about the value of
ASFs in the diet is widely needed.
• Adequate nutrition is essential for economic
development and optimal human functioning within
society. Nutrition improvement is vital and should be an
integral part of health, education, and development efforts.
Food-based approaches in rural areas are most likely to be
sustainable in improving diet quality with ASFs in contrast
to “pill-based” approaches. The latter can be costly and
nonsustainable, with serious problems of population
coverage, targeting of recipients, and distribution.

Introduction
Animal source foods (ASFs) as part of a diet—particularly meat, fish, fowl of a wide variety, milk, and eggs—
are important for protein and micronutrient nutrition

globally. They play an important role in ensuring optimal health and function, and their consumption is particularly important for women of reproductive age, fetuses,
and young children.
Increases in demand for and consumption of animal source foods have taken place since 1960, with an
increased percent of dietary energy from ASFs (Speedy
2003; see also Chapters 1 and 2). (See Table 12.1.) In
developing countries, there have been large increases
in demand for meat, principally due to demand in urban and periurban Asia and Latin America created by
burgeoning population growth and increased migration
to cities (Gill 1999). This trend is seen to a much lesser
extent in urban and periurban areas in sub-Saharan Africa, and growth of a cash economy livestock revolution
is largely driven by a few countries such as China and
Brazil (Speedy 2003; see also Chapter 2). Increased consumption of meat is raising concerns about the relationship between ASF consumption and the rise in chronic
diseases everywhere, particularly in urban populations.
At the same time, in many rural areas of the world ASFs
are not readily available or affordable.
There are several important issues in relation to ASF
consumption and human nutrition when considering the
livestock revolution. First, much of the data regarding
the livestock revolution and increases in ASF consumption by humans are likely overestimates, as they do not
account for nonhuman use of food and the ways in which
food may be lost within households and in storage. Second, data from developing countries may be unreliable.
Finally, distinct populations and contexts must be
considered when discussing increases in demand for and
consumption of meat, fish, and poultry (MFP) and other
ASFs, as population-level data do not give sufficient information on the distribution of actual food consumed.
One context includes urban and periurban populations
in poor developing countries and emerging industrial
countries (industrializing countries with large pockets of
rural and urban poverty and vast populations of malnourished individuals and high morbidity and mortality
rates), which are experiencing a “nutrition transition”
with diet and lifestyle changes and with reliance on cash
purchases of food in place of home production for food.
A second context refers to smallholder and subsistence
farmers and the urban poor in developing countries with
relatively widespread chronic protein-energy malnutrition (PEM), superimposed micronutrient deficiencies
(MNDs), widespread food insecurity, and limited household access to MFP, milk, and dairy products. Statistics
that do not differentiate between urban and rural areas
of countries do not capture these differences in access to
and consumption of ASFs, particularly meat, fish, and
poultry. A limited number of food intake surveys from
various countries have documented rural–urban differences in ASF consumption.
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Table 12.1 Percent of calories and protein from animal products, 1983 and 2003.

Calories from animal product (%)
1983
2003

Region

Protein from animal products (%)
1983
2003

Latin America and Caribbean

17

19

41

46

South Asia

7

9

16

20

East and Southeast Asia

7

10

24

30

Sub-Saharan Africa

8

7

24

21

Near East

12

11

26

26

North Africa

9

9

19

21

Developing

9

14

21

31

Developed

28

26

57

57

World

15

17

34

38

Source: FAOStat, 2009

Benefits of ASF Consumption for Human Health
and Nutrition
This section reviews the constituents of ASFs and their
contribution to diet quality and functional outcomes.
The bulk of the evidence comes from observational studies that statistically control for a number of confounding
and intervening variables. Because of their expense and
complexity, randomized, controlled feeding intervention
trials from which causation can be inferred are extremely
rare. The majority of such trials have intervened with
single or multiple micronutrients (tablets, capsules, etc.)
rather than food-based approaches such as the use of actual ASFs, since use of micronutrient supplements is far
less complicated than preparing, delivering, and serving
test feedings to large groups of individuals.
Nutrient Content of ASFs
ASFs, particularly a broad assortment of meat and animal products, supply complete protein and readily bioavailable (absorbable) micronutrients (Neumann et al.,
2002). The relatively high fat and protein content of
meat increases energy density, which is particularly relevant for young children, given their relatively small gastric volume. Milk, other dairy products, eggs, and MFP
provide high-quality, readily digestible, complete protein
containing all essential amino acids (Williamson et al.,
2005). Meat, fish, and poultry contain heme iron, which
enhances nonheme iron and zinc absorption from cereals and legumes when mixed with those foods (Lynch et
al., 1989, Swain et al., 2002, Yeudall et al., 2002). (It is
hypothesized that amino acids such as asparagine, glycine, serine, cysteine, and possibly histidine facilitate the
passage of iron through the mucosal layer of the small

intestine.) Although cereals and legumes may contain
considerable amounts of iron, zinc, and calcium, these
plant foods have high phytate and fiber content, which
form insoluble compounds and reduce absorption of
iron, zinc, and calcium (Reddy and Cook 1997).
ASFs are inherently richer and more absorbable
sources than plant foods of specific micronutrients, including iron, zinc, riboflavin, vitamin B-12, and particularly calcium and vitamin A (Calloway et al., 1994).
Animal foods can fill multiple micronutrient gaps at
greater concentration and a lower volume and greater
concentration of intake (Murphy and Allen 2003). For
example, 100 grams of beef has a zinc content that is
more than twice that of maize and beans, and it is up
to 10 times as absorbable (Neumann and Harris 1999).
Not all ASFs are of equal nutritional benefit, however.
(See Table 12.2.) Meat and milk are not nutritionally
equal; milk cannot be a substitute for meat, although
it has similar vitamin B-12 and protein content. This is
particularly important in populations where milk consumption is relatively high and meat consumption is particularly low. Red meat (beef, lamb, and pork) and some
small fish have consistently higher zinc and iron content
than other meats such as poultry and fish. Milk, eggs,
and fish are important sources of preformed vitamin A
in addition to iron and zinc, and fish and milk provide
calcium and phosphorus (Hansen et al., 1998). Vitamin
B-12 is provided almost exclusively by MFP, and milk
and is not found in plant foods.
Other significant nutrients supplied by MFP include
copper, riboflavin, magnesium, phosphorus, chromium,
lysine, and selenium (Williamson et al., 2005). Lysine, an
essential amino acid, is particularly low in cereal foods
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(Rutherfurd and Moughan 2005, Williamson et al.,
2005). Fish are a rich source of high-quality protein and
micronutrients such as selenium, vitamin C, and vitamin
D (Roos et al., 2003a, 2003b; Speedy 2003; Akpaniteaku
et al., 2005). Sea fish and other sea animals are rich in
iodine (Julshamn et al., 2001, Andersen et al., 2002) and
zinc, and small fish when consumed whole are an excellent source of calcium, vitamin A, and iron (Roos et al.,
2003b). Moreover, both shellfish and finfish are important sources of omega-3 fatty acids (Akpaniteaku et al.,
2005, Torpy et al., 2006). These are especially present in
oily fish such as herring, salmon, and sardines, but substantial amounts are also present in red meat (beef, pork,
lamb, goat, etc.). These fatty acids can help lower heart
rate and blood pressure and reduce other cardiovascular
risk factors (Geleijnse et al., 2002, Dallongeville et al.,
2003, Torpy et al., 2006).
Types of animal feed, forage, and the nutrient content of the soil and water in which they are grown affect the nutrient content of animal products, particularly
with regard to content of vitamins, trace minerals, and
fat composition. Forage grown in micronutrient-deficient soil and water deficient in iron, zinc, selenium, and

iodine cause these deficiencies in animal products as well
(He et al., 2005). The composition of polyunsaturated
fatty acids (PUFAs), known to lower blood cholesterol
levels in humans, in meat is influenced by animal feeding regimes (Wood et al., 1999, Williamson et al., 2005).
The fatty acid profile of meat from nonruminant animals
largely reflects their diet (Givens 2005). In monogastric
animals such as swine, the inclusion of fish and vegetable oils in feed has been shown to result in increases of
PUFAs in the meat (Higgs 2000, Givens and Shingfield
2004).
Ruminant animals, such as sheep, goats, cows, and
camels, metabolize some fatty acids, so the fatty acid
composition of their meat products reflects their diet to
a lesser extent than that of nonruminant animals (Givens and Shingfield 2004, Givens 2005, Williamson et
al., 2005). Trans fatty acids, which are associated with
negative health effects such as increased risk for ischemic
heart disease, are produced in small amounts through
natural biological processes in meat of ruminant animals
(Williamson et al., 2005). The animal’s age and physical
state at the time of slaughter also influence the iron content of meat (Williamson et al., 2005).

Table 12.2. Major micronutrients (per 100 g) contained in animal source foods.

Iron
(mg)

Animal source foods
Meat
Beef, medium fat, cooked
Liver, beef
Pork
Mutton
Goat (moderately fat)
Poultry
Milk
Whole, unfortified
Fish
Freshwater fish, raw
Small fish (<25 cm)
Other ASFs
Rabbit
Termite (fresh)
Caterpillars
Hen egg, cooked

0.32
(available)
10
1.8
2
2.3
1.1

Zinc
(mg)

Vitamin B-12
(µg)

2.05
(available)
4.9
4.4
2.9
4.0
4.0

Vitamin Aa
(µg RAEb)

Calcium
(mg)

1.87

15

8

52.7
5.5
2.2
1.13
0.10

1500
2
10
0
85

8
11
10
11
10

0.01

0.18

0.39

55

119

1.8
5.7

0.09
0.33

2.2
2.1

43 IUc
100

175
776

6.5
NA
NA
2.0 (raw)

0
0?
NA
500

12
12
185
61

3.2
1.0
2.3
3.2

0.18
NA
At least 10
0.9 (raw)

Nutrient content values are approximate and based on multiple sources.
NA = Not available.
Vitamin A content varies with cooking method.

a

Retinol activity equivalents.

b

International units.

c

Sources: Leung et al., 1972, West et al., 1987, DeFoliart 1992, Nettleton and Exler 1992, American Academy of
Pediatrics 1997, Pennington 1998, Grantham-McGregor and Ani 1999, Shils et al., 1999, Neumann et al., 2002,
Murphy and Allen 2003, Roos et al., 2003b, USDA 2006.
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Benefits for Human Health and Function
Many of the beneficial effects of ASFs on human health
and function can be ascribed to their high content of
complete protein, lysine content, relatively high energy
density, and multiple micronutrient content. The micronutrients of particular interest are iron, zinc, calcium,
selenium, vitamin B-12, and vitamin A, which have
important biological roles. Intake of ASFs, particularly
meat, has been linked to important functional outcomes,
such as pregnancy outcome, growth, cognitive function,
and physical activity, and to immune function, particularly resistance to infection. These nutrients are of vital
importance during pregnancy and lactation to support
maternal nutritional needs and for fetal and postnatal
growth and development (Allen 2005).
Animal source foods are excellent complementary
foods to support health and optimal growth and development in preschool and school-aged children (Brown
et al., 1995, Marquis et al., 1997, Grantham-McGregor
and Ani 1999, Black 2003). Schoolchildren whose diets
contain MFP are more physically active, perform better
on cognitive tests, and exhibit behaviors that are more
conducive to learning than those who have no ASFs in
their diet (Sigman 1995, Grantham-McGregor and Ani
1999, Black 2003). Several functional implications of
various micronutrients found in ASFs are listed in Table
12.3.
The beneficial role of ASFs in the diets of young
children and pregnant women is highlighted by findings
from a three-country longitudinal observational study,
the Human Nutrition Collaborative Research Support
Program (NCRSP), which examined the functional outcomes of mild to moderate malnutrition in rural and
semirural Kenya, Mexico, and Egypt from 1983 to 1987.
Animal source food intake, especially MFP, was found to
be generally very low, and diets were generally deficient
in fat, zinc, iron, calcium, and vitamins B-12 and A (Calloway et al., 1992). There were positive and statistically
significant relationships between ASF intake and birthweight, physical growth, and cognitive development in
all three countries and between ASF intake and physical

activity in the Kenyan sample (Neumann et al., 1992a,
Calloway et al., 1992). Vitamin B-12 during pregnancy
is essential for fetal brain development. Breast milk from
women who ingest little ASF has lower concentrations
of vitamin B-12 than that of women who consume ASFs
(Specker et al., 1990, Neumann et al., 1992b), thus exposing the infant to vitamin B-12 deficiency and affecting brain formation and development.
Typical weaning diets have low energy density and
protein content, are commonly micronutrient-deficient,
and contain little or no ASF except for varying but usually small amounts of nonhuman milk. Because of small
gastric volume, a child could not consume enough in order to obtain adequate nutrients. Even modest amounts
of MFP incorporated into weaning diets would increase
energy density, supply vital micronutrients, and improve
protein quality.
In all three countries in the NCRSP study and in
studies in Latin America, meat and milk intake and the
intake of available iron, zinc, and iodized salt (in Kenya)
were significant predictors of growth (Harrison et al.,
1987, Allen et al., 1992, Neumann and Harrison 1994,
Marquis et al., 1997). Studies with varying designs in
disparate locations all show that cow or goat milk consumption by infants and young children is positively associated with physical growth, particularly in length or
height (Walker et al., 1990, Guldan et al., 1993, Shapiro
et al., 1998). Ownership of cows and water buffalo has
been positively associated with children’s nutritional status if milk is actually consumed by the children and not
all sold commercially (Hitchings 1982, Shapiro et al.,
1998). Milk and dairy products contain multiple micronutrients relevant to linear growth (calcium, phosphorus,
and vitamin B-12) as well as protein of high biological
value. However, it is an important caveat that consumption of animal milk by children younger than 18 months
should not displace breastfeeding or interfere with exclusive breastfeeding in infants 4–6 months of age.
Both observational and interventional studies concerning the role of MFP in health, cognitive development,
and school achievement were addressed by the NCRSP

Table 12.3. Description of functional areas affected by various micronutrient deficiencies.

Functional areas affected
Anemia
Immunodeficiency/infection
Intrauterine malnutrition
Cognition
School performance
Physical activity
Work capacity

Iron

Zinc

Vitamin B-12

Vitamin A

Calcium

++++
++
+
+++
++++
+++
++++

NE
++++
++
+
+
++
++

++++
+
+
+++
+
NE
NE

+
++++
NE
NE
NE
NE
NE

NE
NE
NE
NE
NE
NE
++

NE: not established.
Source: Modified from Neumann et al., 2002 and Neumann and Harris 1999.
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and others as well as by the more recent Child Nutrition
Project. Iron, zinc, and vitamin B-12 are important constituents of MFP. Iron deficiency, with or without anemia,
plays a prominent role in impairing cognitive development and is operative in infancy, preschool, and schoolaged children. Diets high in milk and devoid of meat also
cause iron deficiency because of poor iron absorption
in the presence of milk (Murphy and Allen 2003). The
impairment, even with treatment for iron deficiency, is
not reversible based on very long-term follow-up studies into adulthood (Lozoff et al., 2000). Iron deficiency
is often associated with decreased physical activity, fatigue, decreased work capacity, and apathy, with adverse
consequences for school success and future productivity.
Iron is also a major component of myoglobin (muscle),
important for physical activity. Zinc, prominently found
in ASFs in a bioavailable form, also plays a major role in
growth, physical activity, and cognitive function. A few
intervention studies with zinc supplements have shown
increased activity and improved performance on neuropsychological testing compared with controls (Black
1998).
Deficiency of vitamin B-12 (which is found solely in
ASFs, particularly in meat and less so in milk) is also
implicated in poor brain growth, loss of acquired motor
milestones, impaired brain development and cognitive
function in childhood, and a range of neurological impairments in adulthood (Dagnelie et al., 1989, Dagnelie
and van Staveren 1994). Young infants being breastfed
by mothers deficient in B-12 are at risk for impaired
neurobehavioral development. Children raised on strict
vegetarian diets with chronic vitamin B-12 deficiency develop decreased ability to concentrate, depression, problems with abstract thought, and memory impairment
(Kapadia 1995). Cognitive performance has been found
to be impaired in adolescents who consumed vegan-type
diets as children (Louwman et al., 2000), with reversibility of impairment dependent upon the duration and
type of neurological abnormality (Healton et al., 1991).
Iodine deficiency, which has the most drastic and dramatic impact on cognitive development and growth, is
seen in areas with no access to ocean products or iodized
salt (Semba 2001).
ASFs, particularly meat, contain nutrients necessary
for red blood cell formation, particularly heme iron and
vitamin B-12. Nutritional anemia is common throughout
the world, and where ASFs are consumed in negligible
amounts, iron deficiency anemia and macrocytic anemia
due to vitamin B-12 deficiency, which tends to be severe,
are well documented (Neumann et al., 1992a, Allen et
al., 1995, Casterline et al., 1997). Iron deficiency anemia
is associated with extreme fatigue, anorexia, decrease
in cognitive abilities, and decreased work capacity and
physical activity in adults (Haas and Brownlie 2001).
Physical barriers to invasion by microorganisms are
disrupted in both PEM and micronutrient malnutrition,

contributing to increased morbidity and mortality (Neumann and Stephenson 1991, Bhaskaram 2002). Zinc,
vitamins A and C, and protein are critical to the maintenance and integrity of skin, mucous membranes, and epithelial coverings that form a first line of defense against
invasion by microorganisms (Neumann 1981, Neumann
and Stephenson 1991, West and Darnton-Hill 2001, Kanazawa et al., 2002, Gong et al., 2004).
Key nutrients essential for the maintenance and integrity of the body’s defenses against infection, particularly
the immune system, are also found in ASFs, especially in
meat. Iron, zinc, and vitamin B-12 deficiencies, superimposed on PEM, have been linked to immunodeficiency
(cell-mediated response), diminished granulocyte function, and increased morbidity (Neumann et al., 1975,
Keusch and Farthing 1986, Neumann and Stephenson
1991). Cell-mediated immunity is the first line of defense
against viruses and certain bacterial and fungal infections (Keusch 1990, Erickson et al., 2000, Bhaskaram
2002).

Experimental Evidence of Positive Impact of
Meat on Child Growth and Function
The positive associations observed in the NCRSP studies between meat intake and physical growth, cognitive
function and school performance, and physical activity
stimulated further study utilizing a feeding intervention
study in Kenya from 1998 to 2001. Findings from this
study show important causal benefits of meat and, to a
lesser extent, milk on growth, cognition, behaviors, and
activity in rural Kenyan school-aged children.
The study was designed as a randomized, controlled
isocaloric feeding intervention study with three different additions to the local traditional plant-based dish
githeri: the addition of either ground beef (meat group),
whole milk (milk group), or fat to render the plain githeri
group isocaloric. A control group received no intervention school feeding, but the families were compensated
by gifts of milk goats at the end of the study, one per
family. This design allowed for examination of cause
and effect relationships between meat intake and functional outcomes and allowed for the control of intervening confounding variables.
Twelve schools in Embu district of Kenya were
randomized to one of the three types of feeding or the
control group, with three schools assigned to each condition. A midmorning snack was given every day that
children attended school. Data were collected at baseline
and longitudinally over seven three-month school terms
(2.25 years). There were two cohorts with ~500 children
and ~375 children, respectively, enrolled exactly one
year apart.
At baseline, total protein intake was normal, but little or no animal source protein was consumed. Stunting
and underweight were present in ~30% of children. Biochemical and food intake analyses confirmed multiple
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MNDs of iron, zinc, vitamin B-12, vitamin A, riboflavin,
and calcium at baseline.
The meat group exhibited the greatest statistically
significant rate of increase in scores over time on the
Raven’s Progressive Matrices test, which measures abstract reasoning, problem solving, reasoning by analogy,
and perceptual awareness of sequences compared with
all other groups. (See Figure 12.1.) This test was used
extensively in this area in a previous study (Neumann et
al., 1992a). The plain githeri plus fat and meat groups
performed significantly better over time on arithmetic
tests than the milk and control groups. Improvements on
zone-wide end-term school examinations showed that
the meat group had statistically significant greater gains
on total test scores and arithmetic scores compared with
all the other groups. (See Figure 12.2.)

The greatest increase in the amount of time students
spent during free play in high levels of physical activity and the greatest decrease in time spent in low levels
of physical activity were seen in the meat group. Moreover, the meat group showed the greatest increase in
initiative and in leadership behavior among peers during recess free play. These increases were all statistically
significant.
The meat group and, to a lesser extent, the milk
group showed the steepest and highly significant gain
in arm muscle area (lean body mass) compared with
all other groups (Grillenberger et al., 2003, 2006). (See
Figure 12.3.) Increases in weight were observed in all
children supplemented with any type of intervention
feeding compared with the control group. Although
no significant group differences in height were seen, in

21
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Githeri + Fat
Milk
Meat

Raven’s Scores

20

19

18

Figure 12.1. Changes in Raven’s Progressive
17
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25
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2.0

Matrices test scores by relative year in study
(over a 2-year period) of Kenyan schoolchildren,
1998–2001.

Source: Neumann et al., 2007.
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Figure 12.2. Increases in end of term test scores

over time by feeding groups (Cohort II), Kenyan
schoolchildren, 1998–2001.

Source: Neumann et al., 2007.
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Figure 12.3. Increases in lean body

mass (arm muscle area) by feeding
group, Kenyan schoolchildren,
1998–2001. Noting Githeri + Fat and
Control groups have nearly identical
slopes. (All predictions correspond to
a baseline age of 7.5 years.)
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6- to 7-year-olds and in stunted children the milk group
showed slightly improved linear growth rates.
A statistically significant improvement in vitamin
B-12 status was observed in the meat and milk groups,
with the greatest increase in vitamin B-12 blood concentrations and elimination of deficiency in the meat group
(Siekmann et al., 2003). The milk group showed the second best significant improvement in vitamin B-12 status.
This was the first randomized, controlled intervention study to show positive causal effects of meat intake
on cognitive function and school test scores, physical activity levels, behaviors, arm muscle area, and nutritional
status. These findings demonstrate that inclusion of
meat in the diet has multiple positive functional impacts.
Schoolchildren need diets of adequate quantity and quality for optimal learning.
One other randomized trial has been published as
an abstract from a recently completed study in Guatemalan children, which showed improvements in B-12
status and development following supplementation with
beef or vitamin B-12 (Allen et al., 2007). Other evidence
for the positive effects of ASFs on a variety of functional
outcomes were reported in a quasi-experimental community-based dietary intervention in Malawi involving
dietary diversification with an increase in the consumption of fish. Significant improvement in lean body mass
of stunted children was found after 12 months (Yeudall
et al., 2002). Nonrandomized trials in elderly individuals
have provided some further evidence.

Health Risks Associated with Overconsumption
of ASFs
While consumption of ASFs leads to improved nutrition,
health status, and function, excessive consumption of
meat and other ASFs has been associated with increased
risk of certain chronic conditions in a number of epidemiological studies, largely conducted with populations

0.0

0.5

1.0

1.5

2.0

Relative
Relative years
years in the
the study

in industrial countries. These conditions include atherosclerosis/coronary heart disease, hypercholesterolemia,
hypertension, stroke, type 2 diabetes, obesity, and various types of cancer (Barnard et al., 1995, Willett 1995,
Baghurst et al., 1997, Evans et al., 2002, van Dam et al.,
2002, Holmes et al., 2003, Schulze et al., 2003, Fung et
al., 2004, Steffen et al., 2005).
It is important to consider the levels of evidence and
limitations of epidemiological evidence available to support associations between ASF consumption and chronic
disease risk. Randomized, controlled trials provide the
strongest evidence for causality, followed by prospective cohort studies, case-control studies, and associations
from multivariate analyses. The weakest statistical evidence is provided by ecological studies that use aggregate
data from large groups of people and examine exposure
and outcomes on a group level. This design is weak because conclusions drawn from group data cannot necessarily be extended to individuals, as there is no way of
verifying individual exposures or outcomes. “No single
study or study design can provide absolute proof. The
strongest evidence comes from a combination of different types of epidemiological investigations, with support
from animal studies, metabolic, and mechanistic data”
(Hu and Willett 1998).
Abundant evidence regarding health outcomes and
consumption of ASFs comes from case-control studies
and ecological associations; hence, the associations provided cannot necessarily demonstrate causation. Also,
most studies have been performed in industrial countries,
where nutrition is generally adequate. While there have
been an increasing number of studies of the increasing
prevalence of cardiovascular disease, obesity, and diabetes in urbanized populations in developing countries
(Reddy and Yusuf 1998, Albala et al., 2001, Popkin et
al., 2001, Galal 2002), most evidence for causal links
comes from the United States and western Europe.
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The increased risk of coronary heart disease has frequently been attributed to the consumption of red meat
and high-fat dairy products (Hu and Willett 1998). Evidence supporting a relationship between meat consumption and the increased risk of developing hypertension,
stroke, or obesity is generally lacking. Other coexisting
factors no doubt play a role, such as little or no consumption of lean meat and dairy products and fruits and vegetables, along with decreased fiber consumption and/or
decreased energy expenditure in urban settings (Willett
1995, Baghurst et al., 1997, Evans et al., 2002). Genetic
predisposition is a determinant of cholesterol metabolism, hypertension, obesity, and diabetes (Pajukanta et
al., 2004, Gable et al., 2006, Munroe et al., 2006, Voruganti et al., 2006). Fish intake has been associated with
reduced risk for coronary heart disease, acute coronary
syndromes, and stroke (Mozaffarian and Rimm 2006).
“Modest consumption of fish (e.g., 1–2 servings/wk),”
especially of species with high content of the fatty acids
eicosapentaenoic acid and docosahexaenoic acid, “reduces risk of coronary death by 36%” (Mozaffarian and
Rimm 2006).
Several large prospective studies have suggested an
increase in risk for development of diabetes in relation to
consumption of red meat and processed meats such as bacon, hot dogs, and sausage (van Dam et al., 2002, Schulze
et al., 2003, Fung et al., 2004). This increase is explained
by several mechanisms, including the presence of chemicals such as nitrites and the free radicals produced by advanced glycation (the bonding of sugars to a protein or
lipid molecule with production of free radicals), rather
than by the higher fat and cholesterol content of these
products (Schulze et al., 2003). Insulin sensitivity may
be impaired by the higher iron stores resulting from frequent meat intake (Tuomainen et al., 1997, Schulze et
al., 2003). Moreover, physical activity, lifestyle, increase
in body mass index, and other dietary factors such as
low intake of fiber, fruits, and vegetables exert a large
influence on the association between intake of processed
meats or red meat and diabetes (Schulze et al., 2003).
The risk for development of cancer varies by type
of ASF. While red meat has been associated with an increased risk for colon and prostate cancer development,
it may be protective against rectal cancer (Hu and Willett
1998, World Cancer Research Fund/American Institute
for Cancer Research 2007). While some studies show
no link between red meat consumption and breast cancer (Hu and Willett 1998, Holmes et al., 2003), recent
evidence suggests that red meat consumption by women
may increase the risk for breast cancer (Cho et al., 2006,
Taylor et al., 2007). Dairy products are implicated as increasing the risk of prostate cancer (Hu and Willett 1998).
However, low-fat dairy products do not appear to increase
risk for colon cancer; in fact, low fat milk may be protective, and poultry consumption possibly decreases the risk
for colon cancer (Hu and Willett 1998) and is unrelated

to the development of breast or prostate cancer (Hu and
Willett 1998, Holmes et al., 2003). Eggs are probably unrelated to the development of most cancers and may actually be protective against rectal cancer (Hu and Willett
1998). Finally, fish may be protective against colon cancer
(Hu and Willett 1998) and appears to be unrelated to
breast or prostate cancer development (Hu and Willett
1998, Holmes et al., 2003). (See Table 12.4.)
Although evidence regarding the relationship of red
meat intake and chronic diseases is inconsistent, there
exists a fear of eating red meat in certain segments of
the population, particularly in the United States and
Europe. The high serum lipid levels and negative health
effects associated with meat are probably more related
to saturated fat and cholesterol content than to the type
of meat. Thus the distinction between lean and nonlean
meat may be more important than the distinction between red and white meat. In fact, lean red meat may actually have positive impacts on blood cholesterol levels
(Davidson et al., 1999).
Preparation methods for meat may be a factor influencing the risk for chronic disease, particularly cancer. Certain cooking methods may produce mutagens,
such as polycyclic aromatic hydrocarbons. These are
produced particularly by use of high-temperature, rapid
cooking methods (Baghurst et al., 1997). Close contact of the meat to fuel sources may result in exposure
to toxic forms of hydrocarbons (Baghurst et al., 1997).
Thus preparation methods may be more important than
fat or cholesterol content in meat.
Urban populations in developing countries are undergoing a so-called nutrition transition, in which diets
shift from traditional grains and legumes to more energydense high fat diets, which include more sugar, and ASFs
containing more saturated fat, along with heavy alcohol
consumption (WHO 1999, Popkin 2002, WHO/FAO
2003). Because of the limitations for growing fruit, vegetables, and legumes in urban settings, there is decreased
consumption of fiber and antioxidants. There is an increased necessity in cities to purchase food in the cash
economy and greater reliance on fried street foods and
fast foods, which often include fatty meats (Smith 1998,
Colecraft et al., 2004). These changes in diet, lifestyle,
and diminished physical activity have been accompanied
by the emergence of obesity, diabetes, cardiovascular diseases, and hypertension. Yet the situation is complex. Undernutrition, while declining in some regions, remains an
important health problem, particularly among the rural
poor and in vast rural areas (de Onis et al., 2000), and
infectious diseases continue to cause a burden, along with
malnutrition (Gopinath 1997, Gwatkin et al., 1999).
Vegetarianism is practiced to counter some of the
problems associated with overconsumption of meat.
However, vegetarianism can be nutritionally risky if
complete protein quality and micronutrient supplementation are not available. Soy and quinoa do not provide
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Table 12.4. A qualitative assessment of associations of animal product consumption with risk of chronic diseases.

Dairy
products

Red meat
(beef, pork, lamb)

Poultry

Fish

Egga

Coronary heart
diseases

Probably ↑

Possibly ↓

Probably ↓

Probably no
increase in risk

Probably small ↑b

Strokec

Possibly ↓

Possibly ↓

Uncertaind

Probably no
increase in risk

Possibly ↓

Breast cancer

Possibly ↑

Probably no
relation

Probably no
relation

Probably no
relation

Probably
no relation

Colon cancer

Probably ↑

Possibly ↓

Possibly ↓

Probably no
increase in risk

Probably no
increase in risk

Prostate cancer

Probably ↑

Probably no
relation

Probably no
relation

Probably no
relation

Probably ↑e

Disease

↓ = increase in risk.
↑ = decrease in risk.
Up to one egg per day.

a

It is possible that substitution of low-fat dairy (e.g., skim milk) for high-fat dairy products (e.g., whole milk) decreases risk of
cardiovascular disease for individuals, but this is largely irrelevant for population disease rates because the dairy fat produced
is almost inevitably consumed.
b

The associations between animal products and risk of ischemic stroke, which is more common in the United States, are
probably similar to those for coronary heart disease.

c

Data are limited. It is possible that higher intake increases risk.

d

It is unclear whether this is due to fat or calcium.

e

Source: Modified from Hu and Willett 1998.

complete proteins as they are lacking in methionine and
must be combined with other grains to add the methionine needed to make a complete protein (Gibson 1994,
Hunt 2003).

The Economic Implications of Overnutrition
Overnutrition, particularly obesity, has economic consequences through the resultant increased burden of
chronic diseases and through increased costs to health
systems for treatment. While these economic consequences have not been well quantified in developing
countries, evidence from industrial countries shows an
overwhelming increase in health care costs, morbidity,
and mortality resulting from conditions to which overnutrition contributes. Substantial increases in health
care costs have been seen in the United States, with
chronic conditions as the main contributors to these
costs (Thorpe et al., 2004, Thorpe 2006). Obesity has
been associated with increasing prevalence of diabetes,
cardiovascular disease, osteoarthritis, hypertension, high
blood cholesterol, asthma, and sleep apnea (Turley et al.,
2006). Obesity reduces life expectancy significantly, especially among younger adults, relative to individuals with
normal weight (Fontaine et al., 2003, Flegal et al., 2005,
Adams et al., 2006). Associations between obesity and
mental health problems and reduced employment have

been found in U.S. and Canadian studies (Klarenbach et
al., 2006, Tunceli et al., 2006, Kasen et al., 2008).
Data are now becoming available from developing countries regarding the increasing burden imposed
by chronic conditions, such as obesity, diabetes, and
hypertension, that are the result of increased consumption of fatty meat, dairy products, and refined sugar in
combination with changes in lifestyle with reduction in
physical activity. In African countries, substantial losses
in national income result from deaths related to chronic
diseases (Abegunde and Stanciole 2006). “The cost of
treating diabetes accounts for approximately 10% of the
national income in most countries in sub-Saharan Africa,” notes one study (Thiam et al., 2006). Likewise,
increased health care costs due to diabetes are being reported in India and in Latin American and Caribbean
countries (Arredondo and Zuniga 2004, Suarez-Berenguela et al., 2006, Kapur 2007). Premature mortality
and disability due to hypertension and diabetes in these
areas are estimated to result in annual economic losses
of $9.3 billion, 0.28% of their gross domestic product
(GDP) (Suarez-Berenguela et al., 2006).
Hence, increased saturated fat consumption and
changes in lifestyle have potentially devastating effects
on the social and economic well-being of individuals
and nations through increased prevalence of chronic
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conditions, with loss in productivity, increased burden
on health systems, and loss of years of healthy life due
to mortality.

Factors Contributing to Low ASF Consumption
in Rural Areas
As noted earlier, the livestock revolution has mainly affected urban and periurban areas, particularly in Asia and
Latin America and to a much lesser extent in sub-Saharan
Africa. This section focuses on the vast number of poor
rural, smallholder subsistence farmers and poor people
in urban areas who are still a large part of the population
in many countries in sub-Saharan Africa, Latin America,
South Asia, and Southeast Asia. In many of these areas,
the livestock revolution—with its dramatic increases in
availability, demand for, and consumption of livestock—
has scarcely taken place. In rural areas, families live on
small, scattered subsistence farms and may be landless.
They are largely outside the cash economy, and markets
are underdeveloped and often scattered and inaccessible.
Recurring droughts, political strife, and the refugee status of people forced from their homes and farms affect
large groups. Poverty, lack of property rights and land
access, poor health, low employment, and a lack of distribution networks, market access, storage facilities, and
infrastructure negatively affect food security (Misselhorn
2005; see also Chapter 3). Malnutrition, with over 50%
of children suffering from stunting and anemia in addition to food insecurity and high disease burden, is the
most serious global health problem and the single largest
contributor to child mortality (Black et al., 2003, World
Bank 2006). Coexisting multiple micronutrient deficiencies are present in over 30% of people in the developing
world (World Bank 2006).
Food shortages, poor diet quality, multiple nutrient
inadequacies, and heavy infection burdens make it difficult to meet the dietary needs of the population (WHO/
FAO 2003). Decimation of the agricultural labor force
by HIV/AIDS has worsened the situation, particularly in
areas of sub-Saharan Africa. The diet, particularly of rural populations, is mainly plant based and includes little
or no meat, fish, or poultry, with serious nutrition implications, as noted earlier. High infection and parasite
burdens are catabolic and contribute to both macro- and
micronutrient malnutrition and malabsorption. Low calcium and phosphorus intake due to little or no milk or
other dairy products results in rickets and osteoporosis/
osteomalacia, which affects the health and physical activity in children and adults, respectively (Nyakundi et
al., 1994, Dunnigan et al., 2005).
In Africa, India, and rural areas of Southeast Asia,
little to no meat is included in the rural diet, in contrast
to other countries such as Mongolia and certain ones
in Latin America, where meat accounts for as much as
30% to 40% of the diet (Gill 1999). Worldwide, the
least amount of meat is consumed in Sierra Leone, the
Democratic Republic of Congo, Mozambique, Rwanda,

Malawi, Guinea, Burundi, India, Bangladesh, and Sri
Lanka (Speedy 2003). In these countries, meat consumption has not increased with the livestock revolution (Gopalan 1996). Levels of meat consumption throughout
Africa from 1985 to 1995 remained stable or decreased
(Gill 1999), and while increases have occurred in countries such as India and Indonesia since 1992, they are
much smaller than those seen in China (see Chapter 2).
While increased consumption of livestock products
has the potential to benefit the poor nutritionally and economically (Delgado et al., 1999), there is little evidence
of increased ASF consumption in rural areas as a result
of the livestock revolution. Very limited information is
available on the demand for and consumption of MFP
in such rural areas. Besides aggregate statistical information from the United Nations Food and Agriculture
Organization (FAO) and similar groups, most information comes from modest studies conducted in small geographic areas. Evidence from Demographic and Health
Surveys shows that in rural areas a smaller percentage of
women consistently consume MFP than do women in urban areas of Ethiopia, Zimbabwe, Uzbekistan, Cambodia, Nepal, India, and Honduras (IIPS and ORC Macro
2000, Analytical and Information Center Ministry of
Health of the Republic of Uzbekistan et al., 2004, Central Statistical Agency [Ethiopia] and ORC Macro 2006,
National Institute of Public Health National Institute of
Statistics [Cambodia] and ORC Macro 2006, Secretaría
de Salud [Honduras] et al., 2006, CSO [Zimbabwe] and
Macro International Inc. 2007, MOHP [Nepal] et al.,
2007). (See Table 12.5.)
In many areas with low MFP consumption, dairy
products in various forms (yogurt, milk, etc.) and eggs
may be consumed. Religious sanctions influence meat
consumption in India, where 72.5% of respondents in
a rural area did not consume meat daily (Thammi Raju
and Suryanarayana 2005). In India and Sri Lanka, milk
consumption is ~47.5 kg/capita/year and ~35.9 kg/capita/year, respectively, compared with 118 kg/capita/year
in the United States (Speedy 2003). Pastoralist populations worldwide traditionally consume relatively high
levels of milk and other milk products (FAO 2001). Milk
and dairy products may partially compensate for MFP
for protein quality and vitamin B-12, but not for iron
and zinc.
In addition to published data on aggregate meat demand and consumption, there have been isolated studies
of food consumption among various tribal or regional
groups in rural Africa. Among Lese women farmers
in rural Democratic Republic of Congo, meat and fish
availability is seasonal and may constitute as little as 5%
of total energy intake during certain seasons (Bentley et
al., 1998). Evidence from two longitudinal studies in the
same area and population in rural Embu district of Kenya shows a modest increase in consumption of ASFs
and energy over a 15-year period (1984–1986 and 1998–
2000). (See Table 12.6.) As stated earlier, the Embu diet

Copyright © 2010 Island Press. Please do not copy or circulate.

232 | Livestock in a Changing Landscape: Drivers, Consequences, and Responses

Table 12.5. MFP consumption data from DHS surveys

Mothers of children under age 3 who consumed meat,
fish, shellfish, poultry, or eggs in the preceding 24 hours
(percent)
Country

Urban

Rural

Ethiopia
Zimbabwe
Cambodia
Nepal
India
Honduras

31.5
71.8
96.1
42.2
41.7a
81.7

12.8
32.3
93.4
28.3
28.5a
75.5

Median number of days in past week in which
women consumed red meat
Uzbekistan

7

5.9

In the Indian DHS, the percentage values refer to the share of mothers who consumed
these foods in the last week.

a

Sources: IIPS and ORC Macro 2000, Analytical and Information Center Ministry of Health
of the Republic of Uzbekistan et al., 2004, Central Statistical Agency [Ethiopia] and ORC
Macro 2006, National Institute of Public Health National Institute of Statistics [Cambodia]
and ORC Macro 2006, Secretaría de Salud [Honduras] et al., 2006, CSO [Zimbabwe] and
Macro International Inc. 2007, MOHP [Nepal] et al., 2007.

Table 12.6. Comparison of usual intake of energy and ASF in Embu District, Kenya, in 1984–1986 and 1998–2000 in two
study populations (mean ± SD)

Energy and ASF intake
Energy (kcal/d)
1984–1986
1998–2000
Total protein (g/d)
1984–1986
1998–2000
Animal protein (g/d)
1984–1986
1998–2000
Percent fat
1984–1986
1998–2000

Men

Women

Children

1984–1986, n = 146
1998–2000, n = 155

1984–1986, n = 186
1998–2000, n = 190

1984–1986, n = 119
1998–2000, n = 167

1924 ± 409
2450 ± 867

1762 ± 375
2168 ± 732

1427 ± 224
1534 ± 529

60.8 ± 34.2
78.8 ± 31.2

51 ± 28
68.6 ± 26.7

43 ± 21
48.0 ± 18.9

5.0 ± 11.4
7.2 ± 8.5

3.9 ± 8.1
6.3 ± 5.6

2.6 ± 5.2
3.7 ± 3.5

12.3
—

13.2
—

13.2
—

Sources: Neumann et al. 1992a, 2003a, 2003b.

is generally low in ASFs, particularly MFP, with multiple
MNDs documented (Neumann et al., 1992a, 2003a,
2003b), like the diets in many other rural areas of developing countries.
Even within urban areas there is unequal distribution of MFP consumption, with malnutrition and a relative lack of ASFs in the diet (Abidoye and Soroh 1999,
Haddad et al., 1999). In urban Kenya, 99% of households consumed meat within a given month, and adults

consumed an average of ~4 oz./day (~131 g/day) of meat.
However, MFP remain luxury foods, with consumption increasing with rising income and with high- and
middle-income households consuming significantly more
chicken, beef, and eggs within the home than low-income households do (Gamba 2005). High-income families consumed three times as much beef, for example, as
low-income households did. The data are not broken
down by gender or age.
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Undernutrition is prevalent in households that relocate from rural villages to urban slums or rapidly
growing periurban commercial centers in search of employment (United Nations 1988). Urban poverty and
undernourishment have grown with increasing urbanization (Haddad et al., 1999). Evidence from urban and
rural areas of Angola, Central African Republic, and
Senegal reveals that poor children in urban areas were
just as likely to be stunted or underweight as poor children in rural areas (Kennedy et al., 2006). In many countries the percentage of impoverished people in cities is
higher than in the rural areas (Habitat 1996). Newcomers to urban areas are forced to enter the cash economy
to purchase food, pay rent, and take transportation to
work, yet poverty and loss of the traditional means of
food production in cities result in increased nutritional
problems (Smith 1998).
Socioeconomic, Cultural, and Gender Factors
Influencing ASF Consumption
Gender and age influence the quantity and quality of food
received by various family members (Gittelsohn and Vastine 2003). Adult men receive priority in the household
distribution of meat products in many areas. In rural
Bangladesh, men are favored over women in distribution
within the household of the most nourishing ASFs (Roos
et al., 2003a). While women and children play major
roles in many of the small-animal raising activities, such
as small-animal husbandry, they consume relatively less
MFP than men (Kaasschieter et al., 1992, Gueye 2000,
Nielsen et al., 2003). Moreover, agricultural extension
services tend to favor male farmers and are conducted
mainly by men, often bypassing women.
Intake of MFP is frequently low or absent from the
diet of infants and young children, who are weaned onto
dilute cereal porridges with low and incomplete protein and micronutrient content (Neumann et al., 2004).
Moreover, the cost of purchasing milk and MFP may be
prohibitive. Nonhuman milk is consumed only in small
quantities postweaning, if at all. After weaning, children
tend to eat from the parent’s plate or from a family pot,
which may contain only small amounts of MFP. The
young child’s share is likely to be minimal, as MFP is
more likely to be consumed by older siblings and adults,
particularly men.
Food taboos play a role in avoidance of certain ASFs.
Prohibited items are mainly flesh or other protein-rich
ASFs, which are particularly taboo for pregnant women
and young children, further exacerbating the lack of adequate animal protein in the diet (Simoons 1961, Ogbeide
1974, Bentley et al., 1999, Onuorah and Ayo 2003). In
some cultures, it is believed that young children cannot
digest these foods; other cultures have specific beliefs regarding the possible consequences of eating certain ASFs.
A prevailing belief in several cultures is that consumption of eggs by children will make them become thieves
(Onuorah and Ayo 2003, Pachón et al., 2007). Also,

during illnesses such as measles, all ASFs—particularly
milk as well as MFP—may be eliminated from the diet,
particularly in children, withdrawing important sources
of nutrients (Maina-Ahlberg 1984).
Cattle, sheep, and goats are often considered a
household’s financial security or reserve and are not regularly slaughtered for domestic consumption because of
their vital nonnutritional functions. They supply draught
animal power, dung fuel, and the recycling of household
wastes, as well as income, employment, and socioeconomic status (Sansoucy 1995). These animals are sold
only reluctantly to cover expenses such as school fees,
funerals, and emergency medical care, but they may be
slaughtered or given away to fulfill social obligations.
Meat Preservation
The rapid deterioration in safety and palatability of meat
and spoilage that occurs within a few hours after animals
are slaughtered is an important factor limiting MFP consumption in rural diets. Lack of affordable and feasible
household or community meat preservation methods to
ensure an adequate, ongoing MFP supply as well as eliminating waste are serious and critical problems where
refrigeration of any type is not widely available (Brown
2003). When the meat supply is seasonal or sporadic and
cannot be consumed by a household or the local population within a short period of time, indigenous techniques
for preserving ASF and plant foods are used. In arid and
semiarid areas these include solar drying, with or without the addition of salt, or salting alone. In more temperate and humid areas, drying may be aided by use of a
wood fire for smoking.
Box 12.1 provides an example of a successful NutriBusiness enterprise by rural Kenyan women to preserve
plant and meat foods. Village women’s groups are involved in using cooked maize, beans, greens, and other
vegetables to dry and prepare a weaning mix for local
use and for sale to promote income generation. Meat
products are now being added to weaning mixes as a
strategy to improve MFP intake in children.

Other Livestock Sources in Rural Areas
Among poor rural populations in developing countries,
animal protein may be obtained from noncommercial
meat sources or farm production. The few existing studies suggest that levels of consumption of bushmeat, fish,
and other animal protein sources may compensate to
varying degrees for the lack of livestock meat in the domestic diet.
In many rural communities with marginal food security, freshwater fish from lakes, ponds, rivers, and streams
provide an essential source of affordable ASF with complete protein, fat, omega-3 fatty acids, and an abundance
of other necessary nutrients such as calcium, iron, and
vitamin A (Akpaniteaku et al., 2005, Roos et al., 2007).
Fish account for 20% of animal-derived protein in lowincome, food-deficit countries, compared with 13% in
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Box 12.1. ASF Preservation in Rural Africa: The
NutriBusiness Case Study
The NutriBusiness approach is a strategy involving a community cooperative that could be used to address both ASF
preservation and income generation in rural areas. Maretzki
and Mills (2003) have proposed a model in which enough
rabbits are produced by the sharholders so that half can be
used directly by each household and the remainder can be
processed into a novel food product for sale by the cooperative. They outline a plan for processing and marketing rabbit
and sweet potato solar-dried chips by a women’s community
cooperative in an approach likely to lead to increased ASF
consumption by children. The NutriBusiness concept has
been successfully used by women’s cooperatives in Kenya
for village-level production of dry porridge mixes suitable as
a complement to breast milk for children over 4 months old
(Maretzki 2007).
The solar drier used by the Kenyan cooperatives is also
capable of drying a cooked meat and starchy grain or tuber
mixture to produce a crispy ASF product (chiparoo) that can
be crumbled into an infant’s gruel or eaten as a snack food
by older children (Kieras 1999, Kieras et al. 2003, Harper
2006, Mills et al. 2007). This concept is being adopted in
other African countries, including Namibia. Chiparoos can be
made from any available animal muscle tissue combined with
cooked grain or tuber and a small amount of lime or lemon
juice to limit growth of harmful bacteria during drying.
A number of cultural, economic, and technical issues must
be addressed in a NutriBusiness ASF operation:
•

•

•

•
•

•

•

Meat should be obtained from small animals, fish, or birds
whose husbandry is in the cultural domain of women or
children.
Product marketing should target individuals such as children and pregnant or lactating women who have heightened nutritional needs.
When funds for purchasing the dryer are acquired, technical support and maintenance must also be considered and
included.
Individuals operating equipment must be adequately
trained and supervised.
A NutriBusiness cooperative should use transparent decision-making and financial management systems to enable
shareholders to develop and implement a business plan,
obtain credit, assure cash-flow, and return a profit to the
group.
Instruction on how to market and sell a novel ASF food
is needed, along with training to develop simple business
management, bookkeeping, and inventory skills.
Nutrition education should be provided to families and
communities on the value and need for ASF to promote
optimal health.

industrial countries (as categorized by FAO) (Delgado et
al., 2003). Farming of tilapia is increasing in many African rural areas. Dried fish is often used to flavor sauces
and stews and furnishes an abundance of macro- and
micronutrients.
There has been a relatively recent increase in demand for fish to create fishmeal and fish oil for utilization as feed for farmed carnivorous fish and livestock
(see Chapter 3). It is estimated that approximately onethird of wild-caught fish globally are used for this purpose (Delgado 2003). Given the nutritional value of fish
for human nutrition, the large-scale diversion of fish for
livestock feed from direct human consumption needs to
be balanced with fish used as a nutritionally beneficial
human food. Furthermore, large-scale fish production
may cause environmental problems and challenges.
Bushmeat continues to provide an important protein
source for household meat and fowl consumption, especially in rural areas of Latin America, Asia, and Africa.
In Zimbabwe, Kenya, and Botswana, bushmeat is more
affordable than other domestic meat sources (TRAFFIC
2000). While actual levels of consumption are not well
documented worldwide, there have been reports of high
consumption in central Africa (TRAFFIC 2000), with
meat consumption levels approaching those in industrial
countries (U.S. House of Representatives 2002). The
type of meat hunted and consumed varies geographically,
with a diversity of meat—from buffalo, primates, elephants, and birds to rodents and other small animals—
used (Stein and BCTF 2001, East et al., 2005).
Bushmeat is considerably cheaper than “domestic
meat,” ranging from 30% to 80% less expensive in certain countries, with households consuming between 14.1
kg and 18.2 kg of bushmeat per month in a number of
countries in East and Central Africa (TRAFFIC 2000,
Bennett and Rao 2002). Bushmeat may be the only affordable and accessible meat source in some rural areas
(TRAFFIC 2000, de Merode et al., 2004). Thirty years
of data from Ghana indicate bushmeat’s role as a dietary
staple, with increased hunting corresponding to years in
which fish supplies were poor (Brashares et al., 2004).
However, in urban areas bushmeat may cost considerably more than domestic meat, as it may be considered
a luxury item for the wealthy and the restaurant trade
(TRAFFIC 2000).
While game meat may be legally obtained through
such activities as game ranching, destruction of problem
animals, ecological culling programs, or licensed hunting, poaching or trade in bushmeat is illegal in some
countries (TRAFFIC 2000). The endangerment of various animal species is of increasing concern (Wilkie and
Carpenter 1999, Bennett and Robinson 2000, TRAFFIC
2000, U.S. House of Representatives 2002). Alarmingly,
wild meat hunting and trade have been linked to health
hazards with the emergence or reemergence of certain
serious and often fatal zoonoses—including HIV/AIDS,
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SARS, hepatitis E, Ebola hemorrhagic fever, and monkey
pox—when hunters and villagers come in close contact
with infected primates (EESI 2002, Bell et al., 2004, Bengis et al., 2004, Leroy et al., 2004, Wolfe et al., 2004, Li
et al., 2005, Nalca et al., 2005). Antibody studies of people in close contact with animals, particularly primates,
show evidence of infection through elevated antibody
titers for the infections just mentioned (Li et al., 2005;
Nalca et al., 2005).
Other sources of ASFs not often documented include dried blood, worms, insects, grubs, wild birds, rabbits, rats, and other small animals, particularly rodents
(Ekvall 1963, National Research Council 1991, Obi et
al., 2005). In various parts of the world, although this is
seasonal, insects as well as mollusks, caterpillars, water
bugs, crickets, termites, ants, silkworms, and other small
animals serve as important and excellent sources of animal protein and micronutrients (DeFoliart 1992, Illgner
and Nel 2000). For example, insects have high levels of
protein, with particularly high levels of the amino acids
lysine and threonine (DeFoliart 1999). Moreover, many
edible insects have high levels of iron, zinc, and fat, as
indicated earlier in Table 12.3 (DeFoliart 1999).

The Contribution of Pastoralism to ASFs in
the Diet
In the world’s grasslands, in both hot and cold climates,
herding domestic livestock is the major human land use,
and livestock products are the main source of food. This

is an efficient and reliable way to convert sunlight into
human food in extreme and variable land environments.
Rainfall is the most prevalent water source for grass productivity for most grazing lands. However, some grazing lands are found where persistent cold temperatures
limit pasture growth more than rainfall. Although extensive grazing lands support only a small fraction (3%)
of the world’s people, they contain 35% of the world’s
sheep, 23% of the goats, and 16% of the cattle, including yaks. About half of the world’s pastoralists are in
Africa (55%), with 20% in Asia, 15% in the Americas,
and 10% in Australia (Child et al., 1984). Globally, the
main livestock species kept for food are cattle, donkeys,
goats, and sheep (Casimir 1988, Fratkin et al., 1999).
In the Middle East and East-central Asia, however, camels and horses are kept primarily for transport. Reindeer
are herded in northern Eurasia, dromedary in Africa and
West Asia, and yak in Asia (Blench and Sommer 1999,
Williams 2002).
The livestock that are herded provide meat, milk,
and other dairy products. China, for example, supports
the world’s largest population of sheep and goats (Williams 2002). In Inner Mongolia, which has a fourth of
China’s grassland area, ethnic Mongols herd livestock
to feed China’s growing population. China’s domestic
policy promotes dietary intake of protein and the expansion of exports of meat and leather products (Williams
2002). Table 12.7 describes the current global status of
pastoralist peoples.

Table 12.7. Regional pastoral systems and present status.

Zone

Main species

Status

Sub-Saharan Africa

Cattle, camels, sheep,
goats
Small ruminants
Small ruminants
Small ruminants

Reducing because of advancing agriculture

Europe
North Africa
Near East and SouthCentral Asia
India
Central Asia
Circumpolar zone
North America
Central America
Andes

South America

Declining everywhere because of enclosure and advancing agriculture
Reducing because of advancing agriculture
Declining locally because of enclosure and advancing agriculture

Camels, cattle, buffaloes, Declining because of advancing agriculture, but periurban livestock
sheep, goats, ducks
production is expanding
Yak, camels, horses,
Expanding following decollectivization
sheep, goats
Reindeer
Expanding following decollectivization in Siberia, but under pressure in
Scandinavia
Sheep, cattle
Declining because of increased enclosure of land and alternative
economic opportunities
Sheep, cattle
Declining because of increased enclosure of land and alternative
economic opportunities
Llamas, alpaca, sheep
Contracting llama production because of expansion of road systems
and European-model livestock production, but increased alpaca
wool production
Cattle, sheep
Expanding where forests are converted to savanna, lowlands but
probably static elsewhere

Source: FAO 2001.
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In Asia and Africa, animals are kept primarily for
food and secondarily for the market. Subsistence herders
need to maximize production of edible animal products
(milk, meat, ghee, and cheese) from more than one species of livestock to feed their families. However, there is
a need for additional animals to produce food or other
animal products (wool, cashmere, hides) to sell for cash
to purchase other necessities (Behnke 1983, 1985). As
the conversion of grass to milk is approximately six
times more efficient than conversion of grass into meat,
milk can support more people foodwise than meat alone
can (Spedding 1971, Western 1982, Galvin et al., 2004).
Grasslands with adequate rainfall are essential for
pastoralism, and a problem among African pastoralist
populations is that they have been forced with their animals onto drylands where water availability limits supplies of grass and forage. Moreover, with privatization of
formerly commonly pooled grazing lands and encroachment onto grazing lands because of population growth,
food security is a constant problem (Millennium Ecosystem Assessment 2005).
In Mongolia, sheep, goats, cattle (mostly yak),
horses, and camels are herded, with yaks being the main
source of dairy products and with horses and camels used
mainly for transportation. Dairy products and meat are
the main foods consumed, with meat and fat being the
most favored foods (Goldstein and Beall 1994). Mongolians consume the largest percent of their fat from ASFs
in the world (88%). The nomad’s standard of living declined following Mongolian independence in 1991, when
many food products (wheat flour, sugar, cooking oil)
were no longer available from the Soviet bloc and when
the export of pastoralist livestock products was no longer possible; yet most pastoralist people were able to still
feed themselves, in contrast to Mongolian city-dwellers,
who were unable to obtain many foodstuffs (Harper
1994). The situation has improved in the last decade as
Mongolia finds its way in a global market economy.
The subsistence patterns of nomads in Turkey, Iran,
and Afghanistan include not only the herding of sheep
and goats but also cereal production (Casimir 1988, Salzman 2004). Wheat-containing foods are staples of Turkey, Iran, and Afghanistan, along with a variety of dairy
foods, largely produced and consumed at home. Animals
and animal products such as wool are often sold for
other foodstuffs (such as cereals, fruits, nuts, and tea).
In Afghanistan, sheep and goats provide meat, wool, and
milk products (Casimir 1988). When fresh buttermilk is
scarce, milk products with a long storage life (dried casein and ghee) supplement the diet. Nutritional studies
of Pashtun nomads in Afghanistan suggest that though
the diet is predominantly wheat-based, buttermilk is
available for about six months of the year and supplies
the bulk of nutrients. Recent wars have produced many
refugees and a decline in pastoralists (Stewart 2004).
With an ongoing trend toward fragmentation of

pastoral lands due to such factors as the privatization
of lands, which restricts movement of people and their
herds, the social and economic prospects of pastoralists
have changed significantly (Galvin et al., 2008). Thus access to forage and water is restricted, with resultant land
use intensification, economic diversification, and a decline in well-being (Galvin et al., 2006). In several areas
of the world, pastoralists are becoming less mobile, with
many now living on smaller parcels of land and moving less with their herds. Other pastoralists have moved
to population centers for wage labor opportunities or to
be near schools and health services. They are separated
from the livestock herds and can no longer depend on
livestock as a daily food source. Thus pastoralists living
in town have a different diet than those remaining with
the herd, and children are more likely to be malnourished, since ASFs are less readily available and cereals
replace dairy products in the diet. In some cases a mixed
system exists of maintaining a homestead with agriculture along with family members still tending herds at a
distance from home (see Chapter 15).
Pastoralists who have long traded or sold livestock
products in order to purchase grain and other items, especially during droughts and in dry seasons (Sato 1997),
are now increasingly entering the market (Fratkin et al.,
1999) for two main reasons. They need to sell more animals to buy sufficient food grains as prices have increased
(Fratkin 2004), and some groups are selling more livestock for additional cash and reinvestment in their herds
in terms of veterinary services and different types of livestock. This development coincides with a global change
toward increased livestock consumption in urban areas
and more commoditization of livestock products (Fratkin et al., 1999, Fratkin 2004, Misselhorn 2005, ILRI
2006). There is now a focus on mixed crop–livestock
systems in high-potential areas. In order for the poor to
benefit from the livestock revolution (ILRI 2006), opportunities must be created without eroding the natural
resource base and the livelihoods of mixed farmers and
pastoralists. It is ironic that as pastoral livestock assets
decline there is greater demand for their products. More
detailed information focused on African pastoralists
is presented in Box 12.2. Chapter 15 provides a more
detailed description of changes in pastoralism globally,
with an emphasis on various economic aspects and strategies to improve pastoralists’ situation.

Interventions to Improve Nutritional Status
In Urban Populations Undergoing a Nutrition
Transition in Developing Countries
As noted earlier, urban and periurban populations in
developing countries are undergoing dietary and lifestyle changes that are accompanied by the emergence of
obesity, diabetes, cancer, and cardiovascular disease. Increased intake of total energy, saturated fat, and refined
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Box 12.2. Case Study: Pastoralism in Africa
Traditionally, African pastoralists have depended on herds
for daily subsistence, with their diet consisting of livestock
products—milk, meat, and blood—supplemented by grains
and other grown or purchased foods. Animal products, milk,
or hides were sold to purchase additional foods. Meat was
traditionally reserved for special occasions or times of need
or upon the death of an animal (Galvin 1992).
The mainstay of the pastoral diet was milk (Galvin 1992),
providing 60–75% of daily calories (Galvin et al., 1994, Fratkin
2001). During the 1980s, Rendille camel pastoralists obtained
up to 75% of their calories from milk (Field and Simpkin 1985,
Galvin et al., 1994). During the wet season, when livestock
give birth, milk was abundant, providing ~90% of dietary energy to the Turkana of northern Kenya and 80% to the Maasai
(Nestel 1986, Galvin 1992). West African pastoralists relied
more on grains, with milk and milk products providing less
than half of dietary energy for various pastoral groups in Niger, Mali, and Senegal; yet milk was an important wet season
food (INSEE-Coopération-SEDES 1966, Benefice et al., 1984,
Wagenaar-Brouwer 1985, Bernus 1988, Galvin 1992). In the
Maasai and similar cultures, herd animals represent a visible,
male-controlled asset, giving social status and economic security to a household. Cattle are valued for family survival as
they can be moved long distances to avoid droughts, often
resulting in crop failure.
While African pastoralism may evoke images of tall, proud
men herding cattle through the wildlife-rich savannas of Africa and living off their herds, in reality livestock are providing less of pastoralists’ livelihoods, and they are becoming
among the poorest people on earth. As pastoral populations
increase, livestock numbers remain unchanged or plummet
during drought. As land access becomes constrained, pastoralists are becoming less reliant on herds for their livelihoods
and food. Hence, diets once rich in ASF from milk and meat,
though often deficient in calories, are changing to grain-based
diets.
Among settled pastoralists, maizemeal replaces milk as
the staple. While diets of nomadic pastoralists exceed daily
protein requirements, diets of settled pastoralists supply less
protein (Fratkin 2004). During drought years, nomadic Ariaal
and Rendille children were found to consume 3–10 times
more milk than settled children (Nathan et al., 1996, Fratkin
et al., 1999), who are three times more likely to be severely
malnourished (Nathan et al., 1996). Similar conditions have
been documented among settled Turkana who keep some
livestock but derive most of their subsistence from cultivation
(Little and Gray 1990).

sugar in the diet in combination with decreased physical
activity are contributing factors. The importance of inclusion of lean MFP and low-fat dairy products needs to
be emphasized through consumer and nutrition education to reduce the risk of chronic disease. Many urban
consumers now obtain foods in processed forms in food
shops or even supermarkets and may be unaware of the
contents of the foods purchased in markets. Appropriate food labeling of ingredients, particularly fat content,
with accurate health and nutrition information is very
important whenever possible and feasible. Such labeling
is gradually increasing and can encourage healthier diets
in people who are literate and can afford these products
(Shrimpton and Hawkes 2006). To be effective, labeling
must be understandable, interpretable, compatible with
the education level of the population, and culturally appropriate. For illiterate or low literate populations, pictorial messages and attractive street billboards and posters
in stores are already being used to promote fortified
products. In many countries, food labeling is currently
voluntary but increasingly mandated by law.
Large-scale integrated education efforts, with participation of the media, can potentially be effective for
addressing dietary and lifestyle changes. Billions of dollars are spent annually to market soft drinks and fast
food, encouraging the transition from traditional diets
(Shrimpton and Hawkes 2006). In the informal sector,
street foods are available and affordable, albeit of substandard nutritional value. Public health efforts with
meager financial backing need to rely on social marketing
and community mobilization to combat chronic diseases
associated with the nutrition transition. Opportunities and specific recommendations for physical activity
within safe urban environments are needed, such as safe
parks and schoolyards. Urban gardens using empty lots
would help add affordable fresh fruits and vegetables to
the diet. Raising small animals for household consumption has been implemented by a number of nongovernmental organizations (NGOs) and communities. The use
of affordable fortified foods and/or affordable multiple
micronutrient supplements, particularly for vegetarians,
needs to be encouraged. The elementary, middle, and
high schools should include physical, health, and nutrition education in the curriculum.
Urban dwellers, dependent on street foods and “eating out” in restaurants, need consumer and nutrition
education. Given limitations of butcher shops as to the
cost, types, and qualities of meat cuts available, individuals have to learn how to select lean cuts of MFP or trim
off fat. Primary and secondary schools and community
groups are possible venues for appropriate consumer
and home economics education.
Although precise desirable amounts are not known,
there is sufficient knowledge and experience to make
general recommendations for intake of MFP in modest
quantities several times a week and for the use of lean
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MFP. The U.S. Dietary Guidelines recommend around
165 g from the meat group daily and 3 cups (24 ounces)
from the milk group daily and the use of lean, low-fat, or
fat-free ASF products (U.S. DHHS and USDA 2005). The
most recent recommendations for optimal meat intake
quoted widely are those of the World Cancer Research
Fund, which recommends that red meat consumption
be less than 500 g (18 oz.) per week, with little if any
processed meat (World Cancer Research Fund/American
Institute for Cancer Research 2007).
The American Academy of Pediatrics (AAP) Committee on Nutrition (AAP 2004) recommends 0.95 g/
kg body weight daily intake of protein for children 3–8
years old and 1.10 g/kg/day for those 1–2 years old. No
specific guidelines are available from international organizations, and AAP recommended levels may be too
high for children in developing countries. As described
in an earlier section, for Kenyan children ages 6–9 years,
quantities of 60–85 g of meat added to a traditional
plant dish given once per school day showed beneficial
impacts on growth, development, physical activity, and
vitamin B-12 (Neumann et al., 2003b, Grillenberger et
al., 2006). If a source of ascorbic acid accompanies the
meal, absorption of iron, calcium, and zinc from the accompanying meat will be increased, and 75–100 g of
meat would be sufficient for children in primary school
(6–9 years old) to meet recommended intakes of zinc,
iron, and vitamin B-12 (Grillenberger 2006).
In Rural and Poor Urban Populations of Developing
Countries with Deficient Diets
Various strategies have been undertaken to address the
protein-energy malnutrition and multiple micronutrient
deficiencies found among the urban poor and particularly among the rural poor globally. Supplement-based
approaches using pills or sprinkles have been widely
used because of their apparent cost-effective system of
micronutrient delivery, but questions remain as to their
sustainability and ability to reach widely scattered rural subsistence populations and target recipients (Nantel
and Tontisirin 2002). Record-keeping, overdosages, and
nutrient interactions (as in the case of zinc impeding iron
absorption) can be problematic (Rossander-Hulten et al.,
1991). Food fortification, plant breeding, biotechnology,
and improved food processing are other approaches. Extension education, which includes home economic and
animal husbandry education—preferably by women and
schoolchildren extension workers working with women
and children—is needed (Ranum 2001).
Food-based solutions have received less attention
than the use of supplements and food fortification, yet
as part of a national strategy these have more potential
for impact than approaches that address single nutrients
or single communities (Underwood and Smitasiri 1999,
Welch and Graham 1999). While food-based solutions
are more complex and interdisciplinary in nature and

require long-term commitments, they are more likely to
address malnutrition at its source, leading to long-term
sustainable improvements. This latter approach is part
of a development process that can also lead to long-term
economic growth (Demment et al., 2003). The addition
of modest amounts of MFP and other ASFs to the diet
can greatly improve the health, micronutrient, and overall nutrient status and function of rural populations, particularly of women and children (Marquis et al., 1997;
Neumann et al., 2002, 2003b; Allen 2005).
At both the household and the community level, various approaches for increasing access to and availability
of ASFs are being used. Promotion of small-animal husbandry, particularly by women and children, primarily
for household consumption and secondarily for income
generation, is being promoted by a number of NGOs as
a strategy for improving nutritional outcomes in populations without access to ASFs. This approach is being
tried in multiple sites in Ghana through a project by the
Global Livestock Collaborative Research Support Program, called Enhancing Child Nutrition through Animal Source Food Management (Global Livestock CRSP
2005). Household livestock ownership and production
have been shown to positively affect production and
consumption of ASFs, overall dietary intake, household
income, and nutritional status (Leonard et al., 1994,
Vella et al., 1995, Shapiro et al., 1998). At the household
level, small animals can provide a variety of products, including meat, milk, butter, yogurt, and fat, to meet nutritional needs. After meeting those needs, ASFs can be sold
for income generation. Microcredit can help promote
nutrition improvement with income generation by providing small loans to start small businesses. Gender issues need to be addressed with regard to intrahousehold
distribution of ASF, as the most vulnerable household
members—young children, women of reproductive age,
and HIV-positive individuals—are often denied ASFs.
More household and community initiatives for food
preservation are needed to prevent spoilage and wastage
and to ensure a steady supply of ASFs, especially for poor
households who cannot afford to purchase MFP in the cash
economy. Creative preservation techniques for ASFs have
included blood biscuits as well as cereals fortified with dried
blood, used in Latin America and in parts of Africa, resulting in improved iron status (Calvo et al., 1989, Olivares
et al., 1990, Walter et al., 1993, Gewa 2003, Kikafunda
and Sserumaga 2005). Smoking and solar drying are options to produce safe, shelf-stable products under controlled conditions. Small-scale community development
approaches, such as NutriBusiness (as described in Box
12.1), for preservation of ASFs and promotion of their use
for young child feeding have been successful (Muroki et
al., 1997, Maretzki and Mills 2003). Such approaches address not only the problem of improving children’s health,
nutrition, and development, but also interrelated problems of rural poverty and gender inequity.
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At a farm and community level, improvement of
the nutrient content of soil in which forage is grown is
needed to ensure the presence of adequate nutrients in
the food chain. Affordable fertilizer and more sustainable agricultural practices through improved extension
services are badly needed. Appropriate models for small
livestock development utilize zero-grazing. Aquaculture
to produce small fish for human domestic consumption
is gaining in popularity and needs to be better balanced
with fish production for animal feed. Schools can also
be used to improve nutrition status. School gardens and
small animal husbandry projects can increase children’s
knowledge as well as access to ASFs.
Agricultural extension services (government and
NGOs) need to be extended to women and schoolchildren who perform much of the raising of small animals
at a household level. Several NGOs such as Heifer Project International, Farm Africa, and World Vision already
have successful programs to promote raising small livestock using appropriate technologies and education on
animal husbandry for individuals and communities. In
the Paravet program in Kenya, women veterinarians
train local women to take care of animals (Mugunieri
et al., 2004, 2005). Appropriate nutrition education emphasizing the preparation and value of different foods
for dietary improvement would greatly enhance these
programs (Neumann et al., 2002).

Linking Improved Diet Quality to Development
One major constraint on the development of human capital and capacities is the loss of human potential, both
physical and mental, due to poor nutrition. The links
among poverty, inadequate diet quantity and quality,
little or no intake of ASFs (particularly meat, fish, and
poultry), and children’s cognitive and physical development are clear (Demment et al., 2003). These links extend from individuals to households, communities, and
nations, with poverty, malnutrition, and disease all affecting outcomes. In the literature, causality is argued
both ways: that poverty creates malnutrition and malnutrition causes poverty. Poverty, macro-, and micronutrient deficiencies exercise synergistic effects in a negative
feedback cycle in which the forces of one condition reinforce the other. This relationship has been described as
the poverty micronutrient malnutrition trap (Demment
et al., 2003).
Although widespread micronutrient malnutrition is
well documented in all age groups, nutrition in utero,
early in life, and during childhood largely determines the
cognitive potential through which education builds functional capacity. Not only do poor health and inadequate
nutrition diminish children’s cognitive development by
reducing their ability to participate and benefit in learning experiences, but malnourished children have reduced
physical capacity, less exploratory behavior, and physiological changes that compromise their ability to learn

(Del Rosso and Marek 1996, MacDonald et al., 2002).
Malnutrition affects national development in two ways:
through individual productivity losses, leading to reductions in national productivity, and through increased
demands on social and health services and public revenues that indirectly counter economic productivity gains
(Khan 1984).
Low birthweight term infants who suffered intrauterine malnutrition are hypothesized to be at greater risk for
certain chronic diseases in adulthood, with subsequent
decreased economic productivity and higher costs due
to treating disease (Barker 1996, 1998). Malnutrition
incurs great societal and economic costs for individuals
and national economies through its effects on growth,
development, and school and work performance, which
affect productivity and adult health over the long term
(Darnton-Hill et al., 2005, Hunt 2005).
At a macroeconomic level, estimates of economic
losses from malnutrition on human productivity are in
the range of 10–15%; for GDP, 5–10%; and for children’s disability-adjusted life years, 20–25% (WHO
2000). It has been estimated that as much as 5% of
GDP may be lost due to multiple micronutrient deficiencies (McGuire et al., 1994). Addressing these comprehensively would cost less than one-third of 1% of GDP
(Bouis et al., 1999). More recent estimates for 10 countries of the average annual productivity losses of cognitive and physical productivity due to iron deficiency are
a median of 4.05% of the GDP (Horton and Ross 2003).
Thus investments in health and nutrition enable formation of human capital, commencing in the early years of
life with ensuing increased efficiency of education; raised
skilled and unskilled labor efficiency; and promotion of
longevity (Galor and Mayer 2002). Hence programs addressing PEM and MNDs and anemia could greatly increase economic productivity.
Development goals are too often narrowly defined
in economic terms under the assumption that nutritional
status is directly linked to income and that benefits of
macroeconomic growth will trickle down, having a positive nutritional effect at the household and individual
levels. Martorell (1996) instead suggests that it is nutritional status that largely enables economic development.
He presents a conceptual looped model of development
in which improved nutrition leads to improvements in
cognitive and physical development, which together generate increases in human capital and in turn fuel economic growth, social sector investments in nutrition,
and continued improvement in nutritional status. (See
Figure 12.4.)
For most developing countries, agriculture, including animal production, is the largest sector of the economy and includes the majority of the workforce. For that
reason, making agriculture more efficient and integrating human nutrition improvement and development are
critical to long-term economic growth (Mellor 1990).
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model of development.

For those poor who spend a large proportion of their
income on food or of their time and effort in producing
food, increasing production efficiency through improved
agricultural and livestock sector methods lowers food
prices and increases food availability and security, which
can have strong positive effects on human welfare. If
cash-poor or subsistence farming households recognize
the importance of meat, fish, and poultry as a source of
micronutrients and fresh quality protein, and if MFP are
accessible and available, they would be able to use increased disposable income to improve dietary diversity
and micronutrient intake and also to invest in farm inputs to raise improved animals and livestock for their
own consumption and income generation.
Several caveats exist. First, the profile of poverty for
the urban and rural poor is highly heterogeneous, and
the impact of reductions in food prices can be different
for different populations of the poor. Some of the rural
poor may obtain the most income, if any, from the sale
of agricultural produce; hence lower prices may result in
lower income. If these price reductions are accompanied
by macropolicy adjustments at the national level, such
as real exchange rate depreciations, then rural incomes
can increase (Demery and Squire 1996). However, impacts of increased efficiencies of agricultural production
are generally positive for most poor people (De Janvry
and Sadoulet 2000). This leads directly to the second caveat. One of the major macroeconomic constraints on
developing countries’ economic growth are the trade
tariffs and subsidies that protect producers in industrial
countries, reduce overall economic growth in developing countries (Dollar and Kraay 2004), and block the
expansion of developing countries’ agricultural systems
(Binswanger and Lutz 2000, IMF 2001). These subsidies

are greater than the combined GDP of all sub-Saharan
countries.
The way forward has many potential routes. These
range from broad approaches directed at economic
growth that reduce poverty to targeted programs that
supply micronutrients as supplements. Economic growth
is clearly of great importance and depends on the contribution of human capital, which is determined in large
part by nutrition and health. Reducing trade barriers
and subsidies is certainly a widely accepted way to help
poor nations’ economies. Animal source foods, particularly MFP, offer a sustainable approach to addressing multiple MNDs and PEM and should be integrated
into food-based approaches to improve nutrient status.
Their production can grow economies (Delgado et al.,
1999) with the development of markets, and, what is
as important, they have potential to have a positive impact on economic productivity by alleviating nutritional
deficiencies.
Two elements are lacking. First, while the past approaches of narrow nutrient-specific goals or targeted local interventions may have had effects on their targets,
they have been neither sustainable nor generalizable
(Underwood and Smitasiri 1999). A complex of local
and national factors—many of which are interdependent
and interactive—determines the process by which food
reaches the poor. For governments and donors to address
the problem efficiently, those working in nutrition, livestock, fishing, agronomy, and agricultural sciences must
collaborate to develop an integrated conceptual model.
This model would provide a systematic mechanism to
analyze food systems and determine the constraints that
prevent the delivery of sufficient energy and micronutrients to the individual and would provide a holistic
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platform for donors (Underwood and Smitasiri 1999).
Of fundamental importance throughout all of nutrition
improvement is reduction of the infection burden that is
detrimental to nutritional status.
Second, and most important, there is not sufficient
awareness at the level of policy makers in industrial as
well as developing countries of the true economic costs
of malnutrition. The United States has made development and poverty alleviation a high priority for promotion of peaceful foreign relations, signaling perhaps for
the first time that the clear link between international
poverty and domestic security justifies a major increase
in development assistance. It is time to reevaluate our
approach in light of the emerging importance of the
interactions between poverty and malnutrition and to
commit new funds to support innovative and integrated
approaches. Clearly the evidence, outlined here and elsewhere (Martorell 1996, Arcand 2001, Galor and Mayer
2002) indicates that if the goal is to eliminate poverty,
development must address the importance of nutrition in
building human capital as the first and fundamental step
to reducing poverty and promoting social and economic
development.
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Social Consequences for Mixed Crop–Livestock Production
Systems in Developing Countries
Achilles C. Costales, Ugo Pica-Ciamarra, and Joachim Otte

Main Messages
• Smallholders predominate in mixed crop–livestock
production systems. Economic activity in livestock in
mixed production systems in the developing world is
predominantly undertaken by smallholders, making a
living on farms of less than 2 hectares. These small farms
account for a significantly larger share of meat and milk
outputs in developing countries, and they contribute
significantly to rural self-employment, given the labor
intensity of such production systems. Projections indicate
that small farms will continue to be a prominent feature in
rural areas in the next decades.
• Informal market chains are the main link between
rural smallholders of livestock and the growing
demand for meat and dairy products in the major
urban centers and smaller rural towns. They handle
a far larger share of market output than the formal market
chains that are linked with supermarkets and other outlets
of higher-end meat and milk products. They generate
more employment per unit of output and in the aggregate
along the processing and distribution chain than the more
capital-intensive formal market chain does. Formal and
informal market chains are, however, treated unequally,
with the perception of “superiority” being attached to the
formal mode of trading. Although the stigma of illegality or
inferiority of products is connected to informal transactions,
the negative attitude toward informal market chains is
an unfavorable starting point in public policy and for
investments in integrating the participants into the whole
scheme of market development for rural smallholder
livestock keepers.
• The impact of the drivers that are changing the
livestock landscape—including demand and
supply factors as well as institutional and policy
changes—vary, depending on a country’s resource
endowments. This is connected to the development of

the livestock sector through the role of agriculture and the
sector in the economy coupled with the existing economic
and institutional framework. Positive livestock sector
development occurs when its growth and transformation
are supported by a strong connection between the demand
for and supply of livestock products, benefiting the majority
of rural producers and leading to smallholder-based rural
development.
• Livestock sector stagnation or involution could occur
when demand growth is confronted by a sluggish
and even contracting livestock sector, where both
the demand and supply sides are unable to respond
to and lead any significant social transformation.
This can occur in countries where governments have not
designed policies that allow farmers to compete in the
downstream markets for meat and dairy products, so that
both small-scale and large-scale producers have few or no
incentives to respond to market signals in rural areas.
• Positive but inequitable livestock sector growth
could happen when the more “traditional” and more
“modern” segments of the sector are not given
relatively equal opportunities for growth in their
respective markets. In this case, growth would be
characterized by a dualistic pattern of development, where
few and large market-integrated producers appropriate
the benefits arising from the drivers of change in the
livestock sector, while the majority of rural smallholder
producers, processors, and distributors are excluded from
the market transactions that would let them share in the
benefits of the changing livestock landscape. At times,
they are even forced out of the market without similarly
remunerative livelihood or employment opportunities
outside the sector.
• Policy directions for more equitable livestock sector
transformation can turn the changing livestock
landscape into an opportunity rather than a threat
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for smallholder livestock producers and for the
stakeholders along the market chains they use. To
accomplish this, two key elements need to be emphasized.
First, livestock production activities can be organized
efficiently in a decentralized manner by exploiting the
capital, physical labor, and entrepreneurship of small rural
producers. This smallholder-based rural development
strategy, if scaled up to the level of countries, would
certainly contribute to broad-based agricultural growth,
rural employment, and poverty alleviation. Second, policy
makers, international organizations, and development
practitioners should focus not only on technical issues but
also on the economic and institutional context in which
the technologies are to be used. Building this supporting
context would significantly assist the less well endowed
livestock holders to benefit from the changing livestock
landscape and to contribute to agricultural and rural
growth.

Introduction
Livestock systems in many developing countries are rapidly evolving in response to changes in the economic and
institutional environment in which livestock production,
processing, and distribution occur (see Part I). Significant
changes are also taking place in the organization of production, procurement of supplies, processing, and the
distribution of products. The way in which the livestock
sector of individual countries will be affected by and respond to these trends will to a large extent be determined
by the country’s “initial conditions”—the role of the agricultural and livestock sector in the economy, the country’s basic resource endowments (land, labor, capital),
and the economic and institutional framework.
Within countries, the consequences of the changing
landscape will differ for the various livestock production
systems (extensive, intensive, and mixed production systems) and for the different actors within these systems.
In particular, expanding markets provide opportunities
for livestock producers and associated market agents in
developing countries to increase their incomes. However,
the increasing importance attached to product quality
and food safety by more affluent consumers, particularly

those in urban areas, could mean that some production
systems are relegated to markets for low-value products
or squeezed out of markets altogether. The individuals
excluded from these markets will not necessarily find alternative jobs in other productive sectors.

Mixed Crop–Livestock Production Systems
Human populations in developing countries are, in general, predominantly rural, and a significant proportion of
the economically active population is engaged in agriculture. The United Nations Food and Agriculture Organization’s estimates from 1990, with projections to 2010,
for most regions in the developing world show that the
agricultural population continues to increase in absolute
terms, although its proportion in the total economically
active population is on a decline. By 2010, some 209 million people will be active in agriculture in sub-Saharan
Africa, 383 million in South Asia, and 151 million in
East and Southeast Asia. In these regions, agriculture will
be providing about 60% of total employment in sub-Saharan Africa, 53% in South Asia, and 43% in East and
Southeast Asia (FAO 2006).
Within agriculture, the great majority of self-employment is generated by small-sized farms, either irrigated or rainfed, engaging in the production of crops
and livestock. Of the more than 450 million farms in
the world, about 85% are smaller than 2 hectares. (See
Table 13.1.)
The “average” smallholder, however, differs among
developing regions. In Asia and sub-Saharan Africa, the
average farm size is 1.6 hectares. Within Asia, the average farm size is as low as half a hectare in Bangladesh
and China (von Braun 2005). In regions with relatively
abundant land or that are sparsely populated, such as
Latin America and the Caribbean, the average farm size
is 67 hectares. This figure hides the extent of smallholder
farms, however, as this region has the highest inequality
in landholding size (von Braun 2005). The differences
in average farm sizes across regions are also a function
of land quality and water availability, with viable farm
sizes in the more arid regions tending to be relatively
larger.

Table 13.1. Estimates of world farm size distribution, late 1990s.

Farm size class (ha)
<1
1–2
2–5
5–10
>10
Total

Number of farms within
size class (million)

Proportion of farms
within size class (%)

334.0
53.3
40.3
13.8
14.7
456.1

73.2
11.7
8.8
3.0
3.3
100.0

Source: von Braun 2005.
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This situation is not going to change significantly in
the next decade, and small farms will continue to predominate well into 2015, particularly in sub-Saharan Africa, South Asia, and Southeast Asia, despite the decline
in numbers of farmers in the latter. With the continuing
fragmentation of land, most farmers will have to make a
living from smaller and smaller farms. (See Table 13.2.)
The general trend of agricultural land availability
noted previously is borne out by country-specific statistics on average farm size. From the 1970s to the 1990s,
average farm sizes continued to fall in Ethiopia, the
Democratic Republic of Congo, India, Pakistan, China,
Indonesia, and the Philippines. (See Figure 13.1.) In these
countries, except for Pakistan, average farm sizes have
been reduced to 2 hectares or less.
Livestock are an important source of income for
small mixed farms. Despite comparable data not being
available on a global scale, household surveys suggest
that livestock contribute 5–20% of the household total
income in mixed rainfed production systems and approximately 25–35% in irrigated zones. In pastoral areas, household income from livestock can rise as high as

70–80% (Davis et al., 2007, Maltsoglou and Taniguchi
2004, Roxas et al., 1997).
On a global scale, mixed farming systems account
for close to 90% of milk and 70% of ruminant meat
output. (See Table 13.3) Although globally intensive
landless systems are dominant in the production of pig
and poultry meat and eggs, mixed farming systems still
account for more than one-third of world output in these
commodities. Within the developing world, the contribution of mixed systems to the production of pig and
poultry meat and of eggs is estimated at 45% and 39%,
respectively.
There is a very close connection between mixed crop–
livestock production units and smallholder farms in the
developing world. Groenewold (2004) has shown that in
the livestock production systems of developing-country
regions of sub-Saharan Africa, Near East and North Africa, South Asia, Southeast Asia, and Latin America and
the Caribbean, 84% of the agricultural populations are
in mixed systems. The average size of the agricultural
land resource base is small, computed at 0.33 ha/agricultural inhabitant, ranging from just 0.15 ha per inhabitant

Table 13.2. Hectares of agricultural land available per economically active
person in agriculture, 1985 and 2000, with projections for 2015.

Region

1985

2000

2015

Sub-Saharan Africa
Near East/North Africa
South Asia
East and Southeast Asia
Latin America and
Caribbean

7.0
12.2
0.8
1.4
15.9

5.2
10.4
0.7
1.2
16.5

4.1
9.3
0.6
1.3
18.1

Source: Elaborated with data from FAO 2006 and FAO projections.

6
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Figure 13.1.
Trends in
average farm
size for selected
developing
countries in
sub-Saharan
Africa and Asia.
Source:
Nagayets 2005.
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Table 13.3. Percent of major production systems in volume of meat, milk, and egg output by geographic regions in 2004.

Commodity/production system
Ruminant meat
Land-based extensive
Mixed crop–livestock
Landless intensive
Total
Pig and poultry meat
Land-based extensive
Mixed crop–livestock
Landless intensive
Total
Milk
Land-based extensive
Mixed crop–livestock
Landless intensive
Total
Eggs
Land-based extensive
Mixed crop–livestock
Landless intensive
Total

SubSaharan
Africa

Near East/
North Africa

South and
Southeast
Asia

Latin America
and Caribbean

OECD
Nations

Global
Total

50
50
0
100

6
91
3
100

15
85
0
100

49
50
1
100

21
68
11
100

25
69
5
100

19
56
25
100

1
26
73
100

0
52
48
100

5
23
72
100

0
21
79
100

1
36
62
100

62
38
0
100

6
94
0
100

3
97
0
100

45
55
0
100

10
90
0
100

12
88
0
100

14
60
26
100

1
28
71
100

0
51
49
100

4
15
81
100

0
22
78
100

1
38
61
100

Source: Groenewold 2004.

in South Asia and Southeast Asia to 1.15 ha per inhabitant in Latin America and the Caribbean. A large proportion of the arable lands in these mixed systems is rainfed
(71%), with the remainder being irrigated. In terms of
the physical volume of output, measured in metric tons
of milk, meat, and eggs, differences in physical product
form are to be noted. Milk accounted for the largest proportion (69%), followed by meat (24%). In the meat
category, the bulk of the output consists of monogastric
meat (61%), with ruminant meat accounting for the remaining output.
Whereas Table 13.3 is likely to overestimate the
contribution of smallholder crop–livestock producers to
national production, it is important to note that in countries with particularly skewed land distribution, smallholders largely contribute to agricultural production.
For instance, in Kenya, smallholder dairy farmers produce approximately 85% of milk output and account for
about 80% of marketed milk. In Ethiopia, rural smallscale mixed farms in the highlands account for around
63% of total milk output, compared with 22% from
the extensive pastoral/agropastoral producers in the
lowlands (Staal et al., 2006). In India, smallholders provide around 80% of total milk output. The corresponding figure for Pakistan ranges between 65% and 70%
(Staal et al., 2006). In Viet Nam, where pigs generate
the highest livestock income, smallholder households are
estimated to produce 80% of total output (Tung et al.,

2005). In the Philippines, backyard producers still hold
around 77% of the national pig inventory (Costales et
al., 2007). Thus, even in the rapidly growing economies
of Southeast Asia, such as Thailand, the Philippines, and
Viet Nam, small farms continue to constitute the majority of farms and hold a large share of the national livestock inventory, despite the “scaling-up” of the sector
and the gradual exit of small-scale producers over time.
(See Table 13.4.)
Small farms not only contribute significantly to total output, as they are labor-intensive, they also contribute to overall employment in rural areas. On the one
hand, because of the minimal or nonexistent alternative
farm or nonfarm employment opportunities, the market wage does not reflect the opportunity cost of labor
(which would likely be approaching zero), and thus family members work beyond levels that wage laborers would
be willing to do. On the other hand, farmers, with little
investment capital at their disposal, typically make use of
labor-intensive rather than capital-intensive technologies
and thus largely contribute to employment in rural areas.
Comparable examples are available for dairy production in India, Pakistan, Kenya, and Ethiopia. Considering the livelihood and employment dimension, small
farms (one to three head of dairy cattle) in these countries
generate significantly more direct (and indirect) full-time
equivalent employment than large farms do per 1,000
liters of milk produced. (See Table 13.5.) Projecting the
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Table 13.4. Changes in relative shares of small-sized pig farms in Southeast Asia.

Thailand* n
(<20 sows)n

Philippines**
(<20 pigs)

Viet Nam*
(<6 pigs)

Year

Share (%)

Year

Share (%)

Year

Share (%)

1988
2003

97
88

1990
2003

83
77

1994
2001

98
92

*Proportion of total number of pig farms
**Proportion of total pig inventory
Source: Poapongsakorn et al., 2003, Costales et al., 2007, Tung et al., 2005.

relative shares of farm employment in dairy for Pakistan
and Kenya to sector level on the basis of employment
generation capacity per 1,000 liter of milk output indicates that large farms account for only 12–13% of dairy
farm employment, with the rest of the jobs being on
small and medium-sized farms (Staal et al., 2006).
Small crop–livestock producers are also invariably
linked to informal markets in which the supply chains
are in general more labor-intensive per unit of output
(throughput) than more capital-intensive formal chains.
Comparative estimates of dairy chain employment in India, Pakistan, Kenya, and Ethiopia for formal and informal market chains show that on a 1,000-liter throughput
basis, various formal processing and distribution chains
on average generate employment for 1 to 17 regular
workers, while different types of informal chains on average employ anywhere from 3 to 26 workers on a fulltime equivalent basis. While remuneration in the formal
sector is much higher, the returns to labor in the informal chains are still above rural nonfarm wages (Staal et
al., 2006).
Table 13.6 presents estimates of the employmentgenerating capacity of the informal chains as a ratio to
that of the formal enterprises. For India, producers of
traditional sweet dairy delicacies (such as halwai) are
taken to represent the informal market processors, while
creameries are taken as example of processors in the formal sector. For Pakistan, Kenya, and Ethiopia, the informal market chains involve the selling of raw milk and the

processing and distribution of traditional milk products.
In all countries, the final output of the formal market
chains are highly processed products such as pasteurized milk, ultra-high temperature (UHT) processed milk
(which has a longer shelf life), noncream milk, and other
products. In general, the informal chains are more laborintensive than the formal chains. Though the differences
are not extreme, they can range from 1.2:1 for informalto-formal chain employment ratio per unit of output in
Kenya to a relatively high 2.5:1 ratio per unit output in
Pakistan. Thus, on per volume throughput basis, employment generation at the level of the supply chains in
the dairy sector is stronger along the informal chains.
While on a per volume output basis the differences
in employment generation may not be large between
these chains, total employment generation depends on
the relative sizes of the informal and formal markets in
terms of market shares of output. Table 13.7 shows that
in important developing countries of sub-Saharan Africa, South Asia, and Southeast Asia, at least for dairy
products, informal markets dominate, both in terms
of production as well as in market chain employment.
Given the dominance of informal chains in developing
countries, they are expected to generate more employment opportunities for communities than formal chains.
In conclusion, traditional mixed crop–livestock
production farms, predominantly consisting of small
farms, significantly support the rural economy in developing countries. This is due also to their contribution

Table 13.5. Employment generated in dairy production by scale of operation in
India, Pakistan, Kenya, and Ethiopia (in full-time equivalent employed workers/1,000
liters of milk offtake).

Country

Small farm
(1 to 3 head)

Large farm
(>3 head)

Small-to-large farm
employment ratio

India
Pakistan
Ethiopia
Kenya

230
242
224
105

25
73
n.a.
49

9.2:1
3.3:1
n.a.
2.1:1

n.a. = not available
Source: Staal et al., 2006.
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Although each country follows its own particular trajectory, it is possible to distinguish three potential development paths a traditional crop–livestock production
system might take: a positive and equitable development
path, livestock sector stagnation/involution, and a positive but inequitable development path.

Table 13.6. Ratio of informal-to-formal market chain
employment generation per 1,000-liter output in India,
Pakistan, Kenya, and Ethiopia.

Country

Informal-to-formal chain
employment ratio

India
Pakistan
Kenya
Ethiopia

1.5:1
2.5:1
1.2:1
1.5:1

Source: Staal et al., 2006.

to livestock production and to livestock-related downstream employment. This is in addition to their value to
the nonlivestock dimension of their economic activities
mediated through consumption linkages. The changing
environment for smallholder-based mixed crop–livestock
production systems can therefore have profound impacts
on societies in which agriculture still plays an important
role and where mixed systems contribute a significant
proportion of livestock output. The consequences will
depend on the impact of the changes on livestock supply
chains that traditional/mixed livestock producers mainly
use. This applies to traditional informal supply chains
and how they respond to the growth and reconfiguration
of more modern formal supply chains within domestic
markets and to the competition that these formal chains
bring.

Stylized Livestock Sector Development
Pathways
Countries worldwide present a variety of different agricultural and livestock development paths. For example,
the livestock sector is growing fast in Brazil and India but
slowly in Zambia. In Thailand, growth in poultry production is driven by large-scale producers. In India, small
dairy farmers have been able to adapt to the changing
livestock landscape and contribute to meeting the growing demand for livestock products of urban consumers.

Positive Livestock Sector Development Path
The forces shaping livestock production can constitute a stimulus for growth of the rural livestock sector
and thereby improve rural incomes and reduce poverty
if the conditions are such that the increase in demand
for livestock products translates into expanded markets
and incentives for a majority of rural producers. The
following investments in rural production and ruralto-urban distribution systems should result in increased
productivity of rural labor, leading to increasing returns
to own resources (labor and capital) and broad-based
increases in household and per capita incomes. This in
turn can generate demand for nonfarm goods and services (consumption linkages) and for production inputs
and agricultural/livestock services (backward production
linkages), and spur economic activities along the market
chains for livestock products (forward production linkages in transport and commerce services).
This development path would only gradually change
the structure of production. It is based on the assumption that industrialization and urbanization are not
necessarily inseparable, as assumed in the traditional
paradigm of economic development, but that there could
be a movement of the modern production base into the
rural sector. In this development pathway, livestock
production activities could be organized in a “deconcentrated” manner by exploiting both the physical labor and the entrepreneurial ability of rural people, thus
supporting a smallholder-based rural industrialization
(Hayami 1998). A number of studies have documented
this development path in East Asia and some industrial
countries (Hayami 1998), which, if found to be feasible

Table 13.7. Share of marketed milk sold through informal and formal markets and share of employment in informal
and formal dairy market chains, selected developing countries.

Country
Pakistan
India
Bangladesh
Kenya
Tanzania
Ethiopia

GDP/person
(2003 PPP USD)

Share of marketed milk
(%)

Share of employment
(%)

Informal

Formal

Informal

Formal

2,097
2,892
1,770
1,037
621
711

93
85
97
80
88
89

7
15
3
20
12
11

94
86
n.a.
87
n.a.
98

6
14
n.a.
13
n.a.
2

n.a. = not available
Source: Knips 2006, Staal et al., 2006, World Bank 2006.
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on a broad scale, would alleviate the major difficulty in
the trade-offs between growth and equity that confronts
developing countries.
Livestock Sector Stagnation/Involution
In some developing countries, responses to the changing
environment may almost entirely bypass the rural livestock sector and thereby induce its “involution.” This
pathway is likely to be followed when rural livestock
production systems are largely disconnected from the
growing urban markets for products. Potential consumption and production growth linkages will not materialize,
and the continued growth of the agricultural population
and rural labor force, coupled with the stagnation in agricultural and livestock production activities, will lead to
worsening agricultural land-to-person ratios. This leads
to deterioration of the productivity of rural labor, a fall
in real wages, and ultimately a decline in rural per capita
incomes. The pressure to move to other low-income nonfarm occupations and migration to town centers will reflect the lack of opportunities in livestock and agriculture
rather than growth in other sectors of the economy.
Essentially, this “development pathway” has been
associated with indiscriminate liberalization and privatization policies that have not been accompanied by adequate transition policies allowing smallholders to be
competitive in nearby markets. This is not to say that liberalization and privatization generally lead to rural stagnation and involution, as there are a number of countries
where these have successfully led to rural poverty reduction (Araujo et al., 2005, Besley and Cord 2007). Where
accompanying support policies were absent, the closure
of agricultural state enterprises that provided a secure
output market for agricultural producers and the privatization of animal health services that provided cheap if
not free services to smallholders, have led to the loss of
markets and to a shortage of services in rural areas that
have rarely been filled by the private sector. Smallholders were thus largely unable to satisfy the growing urban
demand for livestock products, and in several cases imports of both dairy and meat products have substantially
increased. It is only in recent years that policy makers in
developing countries are experimenting with new market-friendly policies that aim to trigger the functioning
of rural markets in low-income settings (De Janvry et
al., 1997). Examples are the institutionalization of community animal health workers, market-smart subsidies
to private animal health service providers, and legal reforms in the financial sector that allow banks to accept
movable properties, including livestock, as collateral on
loans.
Positive yet Inequitable Development Paths
There may be variants to the two development pathways
just described. The livestock subsector could be growing
in aggregate but this could be due to rapid growth of only

the segment of the sector connected to the major urban
consumption centers (as well as urban/periurban processors). Where that connection does not hold in the more
remote locations, weak production and consumption
linkages become apparent within the rural economy. Or
there could be an overall decline in the livestock sector,
but producers with good access to markets and services
might in fact be experiencing growth in their own particular products, while for other producers there could
be an even more rapid decline.
These scenarios depict situations in which changes in
the landscape surrounding the livestock sector create opportunities that benefit a few specialized and strategically
located producers in the modern segment but exclude the
majority of small livestock keepers in the rural areas who
have poor access to input and output markets, credit and
extension services, and other information. This development path would create a dual livestock economy structure: a modern segment of a few capital-intensive large
firms in livestock production and processing, generating
limited employment per unit of output, and a traditional
segment consisting of many small livestock keepers in
the rural areas. In the medium to long term, industry
growth will be accompanied by the exit of the small rural producers who face relatively higher transport and
marketing costs per unit of output in the competition
to supply the larger mainstream market, apart from the
cost of meeting standards of product quality.
The likelihood of a country following one pathway
rather than another is influenced by the strength of linkages within the agricultural subsectors and between agriculture and the rest of the economy, whereby growth in
one subsector is able to induce a corresponding growth
in the others. Table 13.8 provides an overview of empirically derived relative strength of linkages for different regions and continents; the ratios indicate the magnitude of
additional income growth created elsewhere for any unit
percentage growth in agricultural income. The sources
of linkages are consumption and production economic
activities, with their relative shares adding up to the total
(100%). As can be seen, agricultural growth linkages are
strongest in Asia (0.64), and the relative share of consumption linkages outweighs those in production. The
results for Asia indicate that the farm and nonfarm sectors are closely interrelated. By implication, growth (or
decline) in one sector is likely to have repercussions on
other sectors. By contrast, in Latin America agricultural
growth linkages are weakest, at 0.26. This means that
growth in agricultural income is mainly mediated within
the sector, resulting in a relative “insulation” of the sector (or subsector) and thus higher potential for “inequitable” growth.
Two caveats are necessary in applying these stylized
livestock sector development paths to sample countries.
The first caveat is that the three development pathways
are not necessarily exclusive routes, as it is possible that
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Table 13.8. Agricultural growth linkages in Asia, Africa, and Latin America.

Region
Asia
Africa
Latin America

Source of linkages and relative
share (%)

Initial
agricultural
income
increment

Other
agriculture

Rural nonfarm

Total

Consumption

Production

1.00
1.00
1.00

0.06
0.17
0.05

0.58
0.30
0.21

0.64
0.47
0.26

81
87
42

19
13
58

Magnitudes of additional income growth

Source: Haggblade et al., 2005.

within the same country, for example, smallholder dairy
producers will be “crowded out” as the dairy industry expands, whereas small pig farmers will be able to
benefit from the opportunities offered by the growth in
demand for pork, both of which may constitute aspects
of livestock sector developments. It could also happen
that some regions within a country will be able to benefit
from the changing landscape—for example, those better endowed with market infrastructure or governed by
more efficient local governments—whereas other regions
will not.
The second caveat relates to the often presumed dichotomy between formal and informal supply chains,
and the presumed superiority of the former. First, it is important to note that formal and informal supply chains
are not mutually exclusive and often exist side by side,
catering to various types of consumers.
Second, the traditional informal supply chains are
relatively well established and can maintain their market
position in terms of serving consumer demand in rural
communities and small towns, where average household
incomes are relatively low and consumer preferences
lean toward fresh produce or traditional processed products (raw milk, live poultry, warm meat, traditional sausages). In these situations, further home processing can
easily be undertaken (boiling milk, home slaughtering of
poultry, preserving meat). In supplying this market, the
presumed superiority of formal market chains does not
come into play. The size of this market in terms of market share of livestock products needs to be more firmly
determined, and its growth path predicted. The size can
increase (in absolute terms) with the increase in rural
populations. It can also decline as competing products
of more modern formal supply chains make inroads with
consumers in small towns. In the competition for market
share in the more distant larger urban centers, however,
where the more rapid growth in demand for livestock
products is occurring and where consumer demand for
quality and food safety are becoming more significant,
the traditional informal market chains are at a disadvantage vis-à-vis the more modern organized formal supply chains. In this context, the “superior” position of
the formal supply chains applies, as the market chains

distinguish between products coming from formal and
informal supply sources.
Third, a movement from an informal toward a formal supply chain does not necessarily imply a significant
reduction of employment. On a per unit throughput basis, the differences in employment generation capacity
between formal and informal chains are in fact not necessarily very large and may be more dependent on scale
than degree of formality. It is rather the relatively large
share of the informal market chains in total marketed
volume that makes the employment shares disproportionate. As the formal supply chains grow and gain in
market share, the employment levels will also grow in
absolute terms in various value-adding activities along
the chain.
Fourth, informal is not synonymous with illegal.
Often, informal small traders or processors would be
willing to formalize their transactions, for example, to
register as enterprises for tax purposes and thereby be
able to obtain loans from formal credit institutions. Even
when market opportunities exist, however, the presence
of institutional bottlenecks can make formalization unprofitable. For instance, becoming a formal business entity might not only mean the obligation to pay proper
license fees and taxes but also imply a greater vulnerability to having to pay bribes to rent seekers who hold
discretionary powers in making business transactions
happen or not.

Case Studies: Dairy Sector Development in
India, Zambia, and Brazil
Positive Development: The Dairy Sector in India
India is a low-income economy with a gross domestic
product (GDP) per capita of $3,460 in 2005 (at purchasing power parity, PPP). Agriculture is a dominant sector of the Indian economy and accounts for over 18%
of GDP (World Bank 2006) and, according to the most
recent figure (1995), for about 67% of employment.
During the past five years the agricultural sector has
witnessed advances in the production and productivity
of food grains, oilseeds, commercial crops, fruits, vegetables, poultry, and dairy. Today, India is the largest
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producer of milk in the world, at 91,940 million tons
recorded in 2005 (FAO 2006).
The Indian agricultural sector is dominated by small
to very small farms, with over 80% of farmers, or about
93 million farms, cropping less than 2 hectares. Average farm size has been constantly falling, from 1.6 ha in
1991 to 1.4 ha in 1995, while over the same period the
number of farms of less than 2 ha increased by almost
10% (Nagayets 2005). With respect to the dairy subsector, the number of farmers engaged in dairy production
increased by around 40% between 1991 and 2000 (see
Figure 13.2), while average herd size declined. Small and
marginal farmers raising one to three head of cattle or
buffalo continue to account for close to 60% of all dairy
farms (GOI, Basic Animal Industry Statistics, 2002, in
Sharma et al., 2003). Figure 13.3 shows, however, that
qualitative changes are taking place in the composition
of the dairy herd in Indian farms, with the number of
buffalo and crossbred cattle increasing rapidly while
numbers of animals of local cattle breeds are in absolute
decline. (Crossbreeds refer to animals with varying degrees of high potential dairy genes [Bos taurus, usually
Holstein and brown Swiss] and one of the many Indian
breeds. Local breeds refers to the original Indian cattle,
mostly Bos indicus, which have a relatively low milk
yield potential but are well adapted to local conditions.)
On the marketing side of the dairy industry, Figure
13.4 shows that while the bulk of marketed dairy output
comes from rural producers, the greater part of marketed
output finds its way to urban market destinations (86%
of marketed milk). Milk sold to urban markets flows
largely through informal chains (82%). However, formal

chains for the supply of milk are emerging through
processing cooperatives (11%) and private companies
(7%).
A close look at rural dairy market chains in India
shows that segments in the informal sector connect with
formal market chains where controls are in place for
smallholder milk producers to conform to the standards
of private processors. Figure 13.5 shows that in the state
of Rajasthan, independent smallholders selling their output through the dominant traditional informal market
chain exist side by side with smallholders whose milk
flows through the formal channel, with informal agreements made with collecting agents who have formal supply contracts with milk companies or private processors.
These agreements involve commitments in the supply of
output by smallholders and the direct provision of inputs
and livestock services by the formal dairy processors or
their indirect provision through the contracted village
agents.
In conclusion, rapid growth in the livestock industry could coincide with the continued proliferation of
small farms with small livestock holdings. It is imperative, however, that there be a technological transformation in these small farms themselves (e.g., improved
breeds, higher quality feeds) to improve productivity significantly and increase income per unit of land, per head
of livestock, and per unit of labor input. Furthermore,
the growth and development of the livestock industry
could well coincide with a still large segment of the urban market being served by informal supply chains supplying differentiated products particularly demanded by
the greater bulk of the consuming public. As consumers
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per farm
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1992
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1991

Index (1991=1)

1.2

Figure 13.2. Growth in dairy
farm numbers and average herd
size in India (1991 = 1).
Source: Hemme et al., 2003.
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Figure 13.3. Differential growth of
different types of dairy animals in India
(1995 = 1).
Source: Hemme et al., 2003.

2001

2000

1999

1998

1997

1996

1995

0.0

Year

Urban and P eri-urban
Producers
(2% )

Rural Producers
(98%)

63%

35%

Home
Consum ption

Rural Markets

2%

54%

Urban Ma rkets
(56%)

9%

35%

Rural Direct
Sales

46%

6%

4%

Co-op
Processo rs
Rural Consumers
(44%)

Figure 13.4. Rural and
urban/periurban formal and
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become more discriminating and as formal organizations become more convenient and credible suppliers of
high-quality and food-safe livestock products, the vertical coordination along formal lines in supplying processing firms will obtain increasing importance. This results
in organizing groups of smallholders at the farm level
(through formal contracts or informal agreements), with
their main market links more likely becoming a necessity
for smallholders to link up with formal market chains.
Stagnation and Involution Pathway: The Dairy
Sector in Zambia
Zambia is a low-income rural economy, with a GDP per
capita of $950 in 2005 (at PPP). The country has gone
through three decades of declining living standards (per
capita income in 2000 was just 60% of the level in the
late 1960s), and today over 83% of the rural population
and 56% of urbanites live below the national poverty
line (World Bank 2006). Agriculture contributes about

Exporters

Figure 13.5. Independent and contractual
market linkages for rural smallholder dairy
producers in Rajastan, 2005.
Source: Hemme et al., 2003, Birthal et al.,
2006.

22% to national GDP and about 75% to overall employment (World Bank 2006). In value terms, livestock
accounts for about 39% of national agricultural output
(FAO 2006). The agricultural sector comprises about
450,000 small rainfed mixed crop–livestock farms with
less than 10 ha of land, using basic production technologies and largely relying on family labor. Some 145,000
emergent, medium-scale farmers crop between 10 and
60 hectares, making use of draft power and some purchased inputs; fewer than 750 large-scale farmers have
holdings of 60 ha or more and use mechanized farming
techniques; there are only a dozen large corporate farms
operating in Zambia (Government of Zambia 2002,
FAO and WFP 2005).
The radical liberalization and privatization programs
carried out in the early 1990s transformed Zambia into
one of the most liberalized and deregulated economies in
Africa. These reforms had negative impacts on agriculture. In the livestock sector, following the government’s
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Figure 13.6. Milk production and
net imports in Zambia, 1990–2002.
Source: FAO 2006.

-20
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withdrawal from the provision of livestock services,
animal diseases spread and livestock mortality increased
significantly (IFAD 2006). The resulting loss of livestock
negatively affected overall agricultural production, as
animals had been used for land preparation, and manure
was used for soil fertilization. The adverse impacts were
more strongly felt in the dairy sector, which is dominated
by smallholders, and less in cattle production, where almost 40% of producers are commercial and semicommercial and therefore able to adapt rapidly to changing
market dynamics (McLeod and Chilonda 2004).
Figure 13.6 illustrates the trends in the aggregate
production and net imports of milk and meat, while Figure 13.7 shows the trend in per capita production for the
1990 to 2002 period.
During the 1990–2002 period, per capita milk production in Zambia declined from 9.5 to 6.0 liters per
year while net imports of milk steadily increased (FAO
2006). At present about 25% of the milk consumed in
the country is imported as milk powder from New Zealand and as ultra-high temperature milk from South Africa and other countries (Emongor et al., 2004).
Dairy production has been and remains largely
dominated by traditional smallholder producers, which
represent 99% of all milk producers. These smallholders
own over 90% of Zambia’s dairy cattle and account for
about 65% of all milk produced in the country. Large
commercial producers account for 22%, and small to
medium-scale periurban producers account for 13% of
total milk production (Emongor et al., 2004, Mukumbuta and Sherchand 2006).
Some 70–75% of national milk production in Zambia flows through informal channels. Smallholders either
produce for home consumption or sell milk informally
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to neighbors, traditional small traders, and hawkers.
Small periurban producers, who are more market oriented than rural livestock keepers, tend to sell milk directly to consumers and, in some cases, to small informal
vendors. Those few that are members of cooperatives
sell part of their surplus milk at collection points, but
only about 3% of production is marketed through this
channel. About 70 large-scale commercial farms provide
milk to the 19 milk processors in the country, which
are mainly of small to medium size. Some of the largest
processing firms, including Parmalat, process milk into
yogurt, cheese, and butter (Emongor et al. 2004, Mukumbuta and Sherchand 2006).
Given an inadequate supply of raw liquid milk, processing companies make up the deficit by recombining
imported powder milk. They market milk through supermarkets (50%), cash-and-carry stores (23%), and small
formal retailers (22%). Overall, this system handles less
than 25% of all sales of domestic milk output (Emongor
et al. 2004). Figure 13.8 displays the dairy production
and marketing chain in Zambia, which is dominated by
small mixed crop–livestock farmers producing milk for
home consumption and marketing surplus milk through
informal market transactions.
Thus, in the face of liberalization and privatization,
the livestock sector in Zambia has not undergone any
significant structural change over the last 15 years; the
dairy sector has even shown signs of involution, with
decreased aggregate and per capita production leading
to increased net imports. The decline of milk production in Zambia coincides with the deterioration in the
overall economy, where real per capita incomes underwent a downward spiral until 1995. Nevertheless, the
adverse infrastructural and market environment of the
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rural smallholder dairy sector presented constraints to
more rapid recovery as per capita incomes improved.
Whereas part of the involution of the dairy sector might
be explained by the policy reforms carried out in the
1990s, the negative growth rates of milk production and
consumption are particularly glaring, as on the one hand
there is a demand for milk that is not met by domestic
production. On the other hand, Zambia’s resources for
agricultural production are largely idle, with only about
14% of the cultivable land currently being exploited and
only 9% of the irrigation potential being used (McLeod
and Chilonda 2004).
The World Bank (2007) reports that one of the main
challenges facing rural farming households in Zambia,
of which 71% own livestock, relate to low and declining
levels of smallholder production systems. Low productivity and low returns to labor and other resources bring
about chronically low levels of farm income. Among the
main constraints relating to low productivity were poor
public rural market infrastructure (e.g., roads) and support mechanisms, which impede the private provision
of goods and services to rural farmers, and incomplete
implementation of policies, which leads to underprovision of public goods (e.g., rural irrigation) and services
(e.g., extension and research). While public funds had
been allocated for agricultural development and commercialization programs, the government has traditionally chosen to make interventions in the supply of inputs
and in crop marketing arrangements, activities that are
primarily driven by short-term political interests (World
Bank 2007).

1998
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Figure 13.7. Per capita
milk and meat production in
Zambia, 1990–2002.
Source: FAO 2006.

Inequitable Development: The Brazilian
Dairy Sector
Brazil is a middle-income economy with an annual per
capita GDP of about $8,200 in 2005 (at PPP). The services and industry sector account for about 90% of
national GDP and for 80% of total employment, with
agriculture contributing 10% to national value added
and 20% to overall employment (World Bank 2006).
Since the structural reforms of the early 1990s, the
Brazilian economy has shown unstable growth, averaging about 2% per annum. Agriculture has been the fastest-growing sector in the economy, growing at about 3%
per year, with industry and services growing at 1.2 and
2.2% per annum, respectively (World Bank 2006).
Within agriculture, the livestock sector has been performing particularly well. According to FAO (2006), livestock accounted for about 39% of agricultural value added
in 1990 and for 45% in 2002. While per capita cereal
availability slightly decreased between 1990 and 2002,
meat and milk per capita availability increased by 71%
and 27%, respectively. (See Figures 13.9 and 13.10.)
Currently Brazil is the eighth largest milk producer in
the world (23.5 million tons in 2005) and is expected to
become the world’s second largest producer within five
years. Although Brazil imported dairy products in the
second half of the 1990s, the country has moved close
to self-sufficiency, and export sales are steadily increasing. Today milk is the sixth most important agricultural
product in Brazil (FAO 2006, Phillips 2006).
These changes in the dairy sector have been driven
by the growing demand for dairy products in the country
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Figure 13.8. Informal and formal market chains for milk in Zambia.
Source: Elaborated from Emongor et al., 2004, Mukumbuta and Scherchand 2006.

and by the liberalization program carried out by the government since the late 1980s. Between 1989 and 1995,
after four decades of market regulation, Brazil liberalized the domestic dairy sector, including retail and farmgate prices, and opened it to international competition
when the country joined MERCOSUR in 1991 and the
World Trade Organization in 1995 (Farina 2002, WTO
1994). The local milk supply chains were thus forced to
compete with industrial firms and multinationals entering the Brazilian markets.
The new policy regime severely affected small farmers; the last 10–20 years have seen a general decline in
the number of small dairy farms in the order of 3–4%
per year. In 2003 there were about 1.4 million dairy
farms, down from 1.8 million in 1996, and average herd
size had grown from 9 to 14 dairy cows (Hemme et al.,
2005). Between 1997 and 2001 more than 75,000 Brazilian dairy farmers (around 5%) were “delisted” by
the 12 largest milk processors. Most of these farmers

presumably went out of business (FAO 2003). Milk supply data for the 12 major dairy industries indicate that
“between 1996 and 1998, the number of suppliers fell
by 28% and supply by farm increased by 37%” (FAO
2003). Barros et al. (2004) report that suppliers to the 12
major processing firms—which account for about 50%
of inspected milk processed—declined from 152,500 in
1998 to 89,300 in 2002, a net reduction of nearly 71%,
with the average supplier providing 117 liters/day in
1998 and 207.2 liters/day in 2002.
Despite these numbers, 80% of dairy farmers maintain 10 or fewer dairy cows. But overall these farmers
manage 50% of the national dairy herd. Only about
10% of dairy farmers keep more than 30 dairy cows;
but these farmers manage 30–35% of the national dairy
herd and contribute about 30–40% of national milk
production. Matthey et al. (2004) state that more than
30% of Brazil’s milk is produced by small farmers and
marketed through local markets and stores; Phillips
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(2006) contends that around 40% of milk is produced
on small, nonspecialized farms; Costa et al. (2004) state
that about 41% of total milk production is informally
sold to consumers; and Leite Brasil estimates that in
1997–2000, 43% of production was channeled through
informal markets (Ostrowski and Deblitz 2001).
Liberalization and the ensuing competition in milk
production are certainly among the root causes of the
reduction in the number of small dairy farms in Brazil,
which at the same time has led to structural changes in
the processing industry. Since the market has been liberalized, the milk producer price has decreased by 44%,
forcing the more inefficient (typically small-scale) producers out of the formal market. Many of the latter diverted sales into the informal market; between 1990 and
1998, informally marketed milk increased by about 4
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Figure 13.10. Per capita meat and milk
production in Brazil, 1990–2002.
Source: Elaborated from FAO 2006.

million liters (a gain of nearly 10 percentage points of
market share) while the amount of formally marketed
milk increased by less than 2 million liters. (See Table
13.9.) Barros et al. (2003) argue that since the regional
markets are the outlets of the informal sector, milk marketed through these chains could pass without inspection
by the federal agency. Smallholders find fewer restrictions in selling their milk directly rather than through
the large companies of the formal sector. The existence
of the informal market also reduced the power that large
companies exercised in setting the price of milk.
Competition among processors has increased since
the introduction of UHT technology in the late 1980s.
UHT milk can be transported over long distances, and
inefficient cooperatives, previously protected from competition because pasteurized milk required a cold chain,
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left the market or were acquired by large private firms.
In the late 1980s almost all formally marketed milk was
collected and processed by strong national cooperatives.
In the second half of the 1990s this share had dropped
to 60%, and today cooperatives collect about 40% of
all milk processed in the country (Costa et al., 2004, Farina 2002). (The current processing industry differs from
those prevalent in the United States, Europe, and Australia, where large cooperatives dominate milk processing and marketing [FAO 2003].)
Increasing competition among processors has led
many to develop new, more efficient chain management involving refrigeration tanks at farm level. Since
the smallest tank in Brazil holds 200 liters while average
farm production is 50 liters, most small farmers cannot
comply with the new system and are forced out of the
formal market (Farina 2002).
Finally, in order to increase milk quality, the government requires that all producers acquire on-farm cooling and storage to meet international standards, with the
aim of eliminating type C milk from the market. Type C
milk is marketed through informal channels and is sold
in plastic bags and requires boiling before drinking. This
policy is expected to force more small dairy producers
out of the formal market (Matthey et al., 2004).
Whereas the economic reforms of the 1990s have
led to significant changes in both dairy production and
processing, only minor changes have occurred in dairy
distribution. The three main actors in the Brazilian food
retailing industry are supermarkets or hypermarkets
(with five cash registers or more); self-services shops,
including independent supermarkets; and traditional
retailers. Supermarket chains and independent supermarkets are by far the dominant food retailers as they
account, respectively, for about 42% and 44% of sales
through about 16% and 1.5% of all stores. Traditional
retailers account for 13% of all sales and 82% of stores
(Farina 2002).
The last 10 years have witnessed a marginal increase
in the number of traditional stores and independent supermarkets and a decrease in the number of supermarkets
and hypermarkets, suggesting that traditional retailers can exist alongside larger stores. Farina and Nunes
(2002) argue that increases in the number of traditional
retailers and independent supermarkets originate from
the management strategies of large food processors that,

in order not to have to deal with large monopolistic retailers, are willing to supply independent supermarkets
and small retailers with dairy products.
A significant change in the milk marketing system
has been the rapid concentration within the supermarket industry. In 1994 the 10 largest supermarket chains
earned about 24% of total supermarket revenue, whereas
in 2000 they earned 47%. Furthermore, the reconfiguration of the procurement, processing, and distribution
systems in Brazil led to an increasing segmentation and
dualistic development of the market into the formal and
informal supply chains. The Brazilian milk supply chain
and its components are represented in Figure 13.11.
Trends in the dairy sector, with production increasingly in the hands of fewer farms and an increasing
concentration of processing, suggest that the development of the sector is following an unequal development
path, excluding smallholders from the direct benefits of
the growing demand for dairy products, particularly in
mainstream urban markets.
The modernization process of the Brazilian dairy industry certainly resulted in casualties, directly affecting
those who could not participate in formal dairy chains;
the decline in the aggregate number of dairy farms over
the last two decades bears testimony to their exit from
the dairy sector. Without further information on their
shift in livelihood to alternative sources of employment
and incomes (e.g., from mixed farms to pure crop production or to the nonfarm sector), however, it is difficult
to judge the poverty impacts of the fall in dairy farms.
The national reduction in the $1-a-day poverty index
from 14% to 8.2% between 1990 and 2001 does not
necessarily indicate that the potential of dairy farmers in
the business has significantly contributed to changes in
the national poverty headcount.

Conclusions
Smallholders engaged in mixed crop–livestock farming
currently constitute the majority of rural people in developing countries, and projections clearly indicate that
they will remain a prominent feature of rural areas well
into the next decades.
In developing countries, smallholder livestock producers account for a significant share of meat, particularly
ruminant meat, and milk output. They also contribute
significantly more to rural self-employment than large-

Table 13.9. Market shares of formal and informal dairy chains in Brazil, 1990–98.

Volume (million liters equivalent)
Market segment
Formal
Informal
Total

Market share (%)

1990

1998

Change (%)

1990

1998

9,609
4,875
14,484

11,345
8,732
20,077

18.1
79.1
38.6

66.3
33.7
100.0

56.5
43.5
100.0

Source: Barros et al., 2003.
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Consumers

scale industrial producers do. At the market chain level,
in most developing countries small-scale processors and
distributors also handle a larger share of market output
than their large-scale counterparts do.
Although in most cases small-scale producers and
processors operate informally, this is not necessarily synonymous with illegally. These producers are often willing to formalize their transactions but are unable to do
so because of an “unfriendly” institutional and regulatory infrastructure that makes formalization difficult
and unprofitable.
Drivers of change in the livestock sector that include
changes in demand, production/supply technology, national policies, and international setting will certainly
affect smallholder mixed crop–livestock farmers via
changes in market shares of the associated processing
and marketing businesses.

The impact of these drivers will vary, depending on
a country’s resource endowment, the role of agriculture and the livestock sector in the economy, and the
economic and institutional frameworks. These drivers
may also either encourage or inhibit the development of
mixed crop–livestock production systems.
Three dominant patterns of livestock sector development affecting mixed livestock production systems can
be identified:
• Positive livestock sector development, supported by
a strong connection between the demand for and
supply of livestock products, benefiting the majority
of rural producers and leading to smallholderbased rural development. An example would
be the development of the dairy sector in India,
characterized by an increasing number of small
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dairy farms using improved production technology
and possessing the ability to compete with large
producers.
• Livestock sector stagnation/involution, characterized
by a sluggish and even contracting livestock sector,
both unable to respond to and lead any significant
social transformation. This situation may occur in
countries where governments have not designed
policies that allow farmers to compete in the
downstream markets for meat and dairy products, so
that both small-scale and large-scale producers have
few if any incentives to respond to market signals
in rural areas. Zambia represents this development
path, as demonstrated in the last 15 years or so in the
livestock sector and dairy production in particular.
The country has been unable to keep pace with
population growth, let alone respond to increasing
demand for quality products.
• Positive but inequitable livestock sector growth,
characterized by a dualistic pattern of development
where few and large market-integrated producers
benefit from the drivers of change in the livestock
sector while the majority of smallholder producers,
processors, and retailers are not only unable to
benefit from the changing livestock landscape but at
times are forced out of the market. A representative
case is the Brazilian dairy sector, which on aggregate
has been performing particularly well since the
structural reforms of the 1990s. But at the same time
the number of dairy farms has declined by 3–4% per
year while informally marketed milk increased in
market share by around 10%.
There is thus both good news and bad news. The good
news is that the changing landscape can benefit smallholders who, given an appropriate institutional and
infrastructural setting, are able to compete with large
producers and contribute to rural employment and agricultural growth. The bad news is that in some cases the
changing landscape is either not benefiting smallholder
livestock producers at all or is mainly benefiting the
already well-off and educated producers. Many smallholder producers might be forced out of the sector without being able to find productive employment in other
sectors and may induce migration to urban areas as casual laborers.
Furthermore, modern supply chains tend to cater
to higher-income groups and more advanced producers
while low-income consumers represent a huge market
($13 billion at PPP) whose needs often go unmet (versus $10 billion in mature markets). Therefore, bowing to
pressures exerted by high-income consumers will harm
both poorer producers and consumers.
There is certainly room for policies to turn the
changing livestock landscape into an opportunity rather
than a threat for smallholder livestock producers and

their direct and indirect employees. Considering this
perspective, two key encouraging elements deserve to be
emphasized.
The first is that it has been shown that livestock production activities can be efficiently organized in a decentralized manner by exploiting the capital, physical labor,
and entrepreneurship of small rural producers. This development strategy, if scaled up to the level of countries,
would certainly contribute to broad-based agricultural
growth, rural employment, and poverty alleviation, ultimately mitigating the presumed trade-offs between
growth and equity.
The second is that policy makers, international organizations, and development practitioners are increasingly appreciating the poverty-reduction potential of the
livestock sector and are becoming aware that technical
solutions alone are rarely able to deliver efficient and
equitable outcomes. Policies are therefore beginning to
focus not only on technical issues, but also on the economic and institutional context in which these technologies are supposed to be used.
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Socioeconomic Implications of the Livestock
Industrialization Process
How Will Smallholders Fare?
Clare Narrod, Marites Tiongco, and Christopher Delgado

Main Messages
• The recent exceptional growth in demand for
animal products in the developing world has been
accompanied by a movement of many small-scale
producers out of the livestock sector, at least in the
industrial world. Small-scale producers cannot compete
with the larger operations that benefit from economies
of scale because of the dominant view that smallholders
are “inefficient.” Thus many smallholders lose their
opportunities for growth and poverty alleviation unless
there are mechanisms or institutions to link them in some
way to the larger supply chain and ensure they meet all the
changing requirements of the marketplace. Case studies
show that smallholders have a chance to compete if they
can cost family labor at less than the full opportunity cost
of hired labor doing the same tasks on larger farms. In
addition, the relative competitiveness of smallholders is
largely determined by farm-specific abilities to overcome
barriers to information and assets, such as credit and
market information asymmetries.
• Smallholder livestock farming in developing countries
will be driven by collective action. The future of this
type of farming will be largely driven over the medium to
long run by the issue of whether collective action such as
cooperatives or contract farming schemes can sufficiently
reduce the transaction costs that smallholders face so that
they can continue to compete with larger farms.
• Linking smallholders to the supply chain leads to
greater sustainability. Given that a more complex,
demand-responsive supply chain may play a larger role in
the long-term sustainability of smallholders being profitable,
it is important to look at potential ways to link smallholders
to high-value supply chains in their countries. It has been
suggested that the requirements of the emerging food
system, with its high demands for food safety, traceability,

and compliance, often work against smallholders owing to
high coordination costs.
• Several market failures may hinder smallholders
from being integrated to the larger supply chain:
information asymmetry and high transaction costs,
lack of coordination, and regulatory failures. To ensure
smallholders’ access to markets, producers need support
through extension services or technical assistance; good
infrastructures; good sources of information; certification,
grades, and standards; and good mechanisms for
coordination of getting their supplies to markets.

The Scaling Up of the Livestock Sector1
As described in earlier chapters, growing population and
rising per capita income have led to an increasing worldwide demand for animal products (Delgado et al., 1999,
2003; Narrod and Pray 1995, 2001; Hayami and Otsuka
1994). The rapid rise in per capita income in middle-income countries has enabled consumption to move away
from low-income elastic food consumption such as cereals to high income-elastic foods such as fruits, pulses,
and animal products (Hayami and Otsuka 1994). Most
countries have attempted to meet this demand by raising
domestic production rather than relying on trade.
Over the past three decades, technological change
driven largely by the recognition of increased demand
occurred rapidly for the poultry and swine industries.
The move to confined operations dramatically increased
what one farmer could manage, which led to a significant increase in labor productivity (Fuglie et al., 2000,
Narrod and Fuglie 2000). The ability to control for the
spread of livestock diseases through improved vaccines
and pharmaceuticals also helped to expand the number
1. Much of this section is based on Delgado et al., 2003 and
2008 and from Tiongco et al., 2006.
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of large-scale operations where farmers were able to
achieve significant economies of scale and unit-cost reductions. Thus technology change had an impact on the
structure of the industry, resulting in a rapid change in
the supply chains associated with the production and
marketing of animal products.
It has been suggested that this rapid growth in livestock production and the scaling up of this sector has
forced many smallholders out of production because
they are no longer competitive with larger operations
that benefit from technical and allocative economies
of scale. The profitable adoption of improved genetics,
compound feeds, or organization, especially for poultry and pigs, simply requires larger farm sizes (Martinez
2002, Morrison Paul et al., 2004).
Delgado et al. (2003, 2008) suggest that, although
all this may be true, in most cases the arguments focus
on anecdotal experiences in the industrial world; there
has been limited effort to detail the causes of this situation and whether smallholders can be competitive under certain institutional arrangements. To understand
these cost advantages better, Delgado et al. (2003) and
Tiongco et al. (2006) looked closely at the role of various elements in the livestock sector, such as economies
of scale in input supply, increasing transaction costs,
smallholder competitiveness, and the way contract
farming can help reduce these costs and their effect on
profitability.
The importance of understanding cost advantages in
input procurement is heightened by the increased growth
of monogastrics (animals with a single stomach compartment, such as poultry and pigs) and the fact that up to
70% of the cost of production of monogastric livestock
is feed costs (Delgado et al., 1999). If larger-scale farms
can regularly secure access to feed of a given quality at
a lower price per unit, they gain a great cost advantage
over small-scale producers largely because it costs less
per kilogram to deliver a full truckload versus one bag
of feed.
For instance, if large vertically integrated operations
pay no sales taxes on feed but small independent producers do, the latter are somewhat at a disadvantage because of a policy distortion that is not a true economy
of scale. Similarly, most monogastric producers use a
concentrated feed mixture (grain plus various sources
of micronutrients and pharmaceuticals) to ensure optimal use of feed (low feed conversion rate). Small farmers
often have to rely on buying this product, though they
often cannot be assured about what is in it. Where public enforcement of the truthfulness of ingredient labels
is lax or branding is unreliable, as is often the case in
developing countries, producers who are large enough to
mix their own feed are more certain to get good-quality
feeds. This results in smallholders facing a higher “transaction cost” in terms of having less information about
what their feeds contain.

On the output market side, if buyers and sellers can
easily ascertain the quality of the item being sold and the
prices in alternative markets, competitive forces would
eventually equate market prices across different categories of farmers. But if buyers cannot be sure of the true
quality of the good they are purchasing, they will presumably be less willing to pay a premium for it based
on claimed quality. Smallholders in developing countries
often have limited market access due to a number of
hidden transaction costs associated with the extra costs
of searching, bargaining, monitoring, and enforcing exchange, which often act as barriers to smallholder participation in many markets.
Smallholders often have trouble selling milk outside
the local market, for example, because purchasers in
anonymous markets cannot be sure without a bacteriological test that the unbranded milk is safe. Large-scale
producers and cooperatives of small-scale ones may be
able to establish trust and reputation in markets, since
they will be able to depend on repeat sales of quasibranded product to the same clients who can identify the
source of the milk (Staal et al., 1997), while independent
producers may not be able to. The clients can judge the
quality of the next purchase based on their history of
purchases. Thus larger producers, through regular large
sales, may also be able to get higher prices per unit of
output by developing a steady clientele who gain confidence in the product’s quality (Staal et al., 1997). Generally, rising demand for food safety and quality from
the domestic and export markets is likely, all things
being equal, to exacerbate transaction costs in animal
product exchange arising from asymmetries in access to
information.
Vertical coordination helps reduce many of these
transaction costs. Cost savings often occur from purchasing inputs or selling outputs in bulk (economies of
scale), from avoiding taxation of inputs (policy subsidy),
or from reduction of the transaction costs between actors along the supply chain. Many types of livestock
smallholders are linked to vertically integrated operations through contracts. Martinez has suggested that
vertical coordination in the pork and poultry sectors
in the United States has in part occurred because “contracting and vertical integration produced a means for
reducing transaction costs associated with relationshipspecific transactions, especially in regions of expanding
production. Contracts would provide some safeguards
against opportunistic behavior, and vertical integration
eliminated the exchange relationship. For attributes that
are difficult to measure, gaining additional control over
related production inputs may reduce measuring costs by
reducing the need to measure quality” (Martinez 2002,
p. iii).
For example, if the purchaser of hogs in Asia is concerned about off-flavors and excess back-fat of pork,
he has to at least know whether quality feed was used,
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because these problems can only be assessed after slaughter. A smallholder independent producer faces a higher
“transaction cost” in terms of lack of information about
the true quality of feed being purchased, or unreliable
information on the percentage of back-fat of a hog being sold, resulting in higher prices for inputs and lower
prices received for outputs. A contractual relationship
can build trust on the basis of reputation, thus allowing
farmers to secure higher prices for their output than they
would if they operate independently.
The key is that vertical coordination potentially allows a net reduction to all parties of the costs of doing
business through the reduction of transaction costs of
exchange. These high transaction costs can inhibit smallholders’ participation or entry into competitive markets.
Although transaction costs are very difficult to measure,
one approach is to take the difference between the prices
received by large and small producers, while controlling
for differences in transport costs and observable product
quality.

Impact of Structural Changes in the Livestock
Sector on Smallholder Profitability2
Delgado et al. (2003, 2008) and Tiongco et al. (2006)
have tried to separate some of the issues associated with
structural changes and transaction costs and their impact on profitability for smallholders through a series
of case studies between 2002 and 2006. The studies involved household surveys from Brazil, India, Philippines,
and Thailand to capture various factors affecting profitability, including transaction costs and the internalization of efforts to mitigate environmental externalities
by producers. These nations were chosen because they
are all fast-changing developing countries where cities,
population, urban incomes, and the consumption of livestock products have been growing rapidly since the early
1980s. They also have all seen the rise of large periurban
livestock operations of one form or the other, typically
not far from major cities, at least in the initial stage of
livestock industrialization. In addition, they typically
also have vibrant smallholder livestock sectors producing similar livestock products nearby.
This section uses one example of each commodity in
a select country to illustrate the general types of changes
that have occurred. More specific details of these studies
and specific commodities within these countries can be
found in Delgado et al. (2003) and Tiongco et al. (2006)
as well as in the numerous country studies that contributed to this work.
The poultry industry in Thailand has undergone significant structural changes since the start of the livestock
revolution in the 1970s (Poapongsakorn et al., 2003).
It started when the Charoen Pokphand Company established its chicken breeding business through a joint
2. Much of this section comes from Delgado et al., 2003 and
2008 and from Tiongco et al., 2006.

venture with U.S.-based Arbor Acres, bringing improved
parent stock into Thailand. As regional demand grew,
other production technologies and modern contractual
arrangements were introduced into the eastern provinces. Since then, contracting between producers and private industry, particularly feed companies, has become
common in Thailand. These coordinating mechanisms
in the poultry industry in Thailand allowed integrators
to achieve economies of scale, quality control, and timeliness of inputs in various stages as well as to provide
incentives for contract growers to increase productivity and adopt improved technologies. The Thai broiler
market is now dominated by a few integrators who control the complete supply chain—from grandparent stock
farms to hatcheries, feed mills, growing farms, the food
retail business, and frozen chicken exports.
In the Philippines, expansion of the pig sector had
concentrated near the urban and periurban areas (Costales et al., 2003). Despite this scenario, smallholder
pig production has grown nationwide, but even faster
growth was experienced in large-scale livestock production. Vertical integration and contract growing have not
yet become the norm throughout the Philippines, as in the
case of the poultry industry. However, the truly largerscale commercial firms in the hog sector employ vertical
integration in operations: from breeding and contract
production to slaughter and processing of branded meat
products. These large firms have access to a different
and higher-value market than medium-sized commercial
and smallholder farms do. They increasingly service the
growing institutional food sector in large cities: supermarkets, up-scale restaurants, and hotels. They can meet
the food safety certification and consistent quality standards required by the institutional food sector. However,
no integrator in the Philippines currently has the dominant market share.
India’s dairy sector has undergone significant changes
over the last three and a half decades (Sharma et al., 2003,
Birthal et al., 2006). Milk production has increased from
20 million tons in the 1950s and 1960s to over 90 million
tons in 2004 (Birthal et al., 2006). Growth in milk production resulted from increases in animal numbers and
in productivity, along with the implementation of government support programs, particularly the development
of rural milk sheds through milk producers’ cooperatives
and the marketing of milk from rural to urban demand
centers. Birthal and Taneja (2006) estimated that 56%
of the output increase between 1992/93 and 2003/04
stemmed from an increase in numbers and 37% from
productivity improvement. Crossbreeding technology in
cows was an important driver of productivity growth in
India. The share of crossbreds in total cattle population
has increased continuously, from 4.6% in 1982 to 7.4%
in 1992 and to 13.3% in 2003 (Birthal et al., 2006).
Producing milk in rural areas through smallholder
producer cooperatives and moving industrially processed
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milk from these smallholders to urban demand centers
became the cornerstone of the government’s dairy development policy. This initiative gave a boost to dairy
development and initiated the process of establishing the
much-needed linkages between rural producers and urban consumers (Sharma et al., 2003). Until 1991, the Indian dairy industry was highly regulated and protected.
Milk processing and product manufacturing were mainly
restricted to small firms and cooperatives. High import
duties, nontariff barriers, restrictions on imports and exports, and stringent licensing provisions provided incentives to Indian-owned small enterprises and cooperatives
to expand production in a protected market.
All of the studies conducted in 2002–06 indicated
that indeed the share of small farms has declined relative
to the total number of farms. It is possible that largescale producers have displaced smallholders because of
the scaling up of livestock production. In Thailand, for
example, the number of small pig farms fell from 1.3
million in 1978 to 420,000 in 1998, which could be
interpreted as a significant restructuring (World Bank
2005) of the industry. There has been a reduction in
the number of animals on small farms (which includes
backyard ones) and medium-sized farms in Thailand of
more than 4% per annum during the last 10 years. (See
Table 14.1.) Although there are no official statistics on
backyard farmers there, anecdotal evidence suggests that
their contribution in the livestock sector has also significantly decreased (Poapongsakorn et al., 2003). However,
this does not imply that small farms have exited from the
sector. It could mean that these farmers have diversified
into something better—either high-value agriculture or
nonfarm work—or that they have expanded their operations to a larger scale.
In the Philippines, large-scale farms have overtaken
backyard farms in Central and Southern Luzon as shown
in Figure 14.1 in the color well by the declining share
of backyard hog inventories over time. Moreover, while
backyard farms’ share at the national level remains high
at 77%, backyard producers in these two regions now
account for less than half of production (Costales et al.,
2007). In contrast, the number of commercial pig farms
has increased by 60% over a seven-year period, particularly in Southern Tagalog, where the number of commercial farms more than doubled. (See Figure 14.2 in the
color well.)
In Viet Nam, the number of pig farms having just
one pig gradually decreased from 1994 to 2001. Farms
with more than 6–10 pigs accounted for only 2% of
the total pig farms in 1994 but 6% in 2001. (See Figure
14.3 in the color well.) Similarly, 548 commercial farms
had more than 10 pigs in 2001, which was about 2% of
total. But small-scale pig farms there had lower profitability compared with medium-scale farms in both areas in the Red River Delta in terms of gross margin.
This is due to the fact that the medium-scale farms kept

improved breeds fed with high-quality feeds, leading to
better performance than in small-scale farms (Nho et
al., 2001).
As for broilers, independent small-scale producers in
India made more profit per unit of output than largescale independents. (See Table 14.2.) Small-scale contractors did not perform well in terms of per unit profit
compared with large-scale contractors. These findings
were supported in a recent study in Karnataka, India,
that looked at the effect on profitability of contract farming of broiler production (Fairoze et al., 2006). Similarly,
independent smallholders in the Philippines also had
significantly higher profits per kilogram than large-scale
independents. Moreover, small contract broiler farms
there had almost the same per-unit profits as large contract farms.
In Thailand, large independent broiler farms made
higher profits than medium-sized independent farms. Fee
contract farmers in the Thai broiler sample had similar
per-unit profits for large scale and small scale. In Brazil,
however, small and large broiler farms have surprisingly
similar average profits per kilogram. This may reflect the
fact that almost all broiler production in Brazil is vertically integrated, with the integrators supplying the main
inputs for production, giving producers access to better
inputs and modern technology, as well as the fact that the
integrators passed on some of the cost savings of dealing
with larger producers to them (Camargo Barros et al.,
2003). This implies that smallholders might be excluded
in the process of contractual arrangements, as integrators would prefer to contract out with large-scale farmers so as to minimize production and transaction costs.
Tiongco et al. (2006) observed that an integrator’s
transaction costs are incurred on a per-grower basis and
do not depend on the size of the farm. Moreover, small
farms usually require more technical assistance from the
integrator per unit of output. For example, an on-farm
visit may require the same amount of time regardless of
the scale of production. It was also observed that there
was no significant difference between small and large
farms in the growing fees paid by integrators per unit
of output. Holding this fee constant, integrators would
rather contract with larger producers to lower their cost
of procurement or default.
Table 14.3 summarizes profit per liter of milk across
farm sizes in three countries. In terms of milk production, India’s small-scale dairy farms had higher average profits per liter than large-scale farms. In Thailand,
medium-scale dairy farms made about 20% more profit,
at $0.15 per liter, than either small or large-scale dairy
farms, which have the same average profits. For Brazil,
however, the profit per liter of small dairy farms was
lower than that of large farms. These observations are
mixed, but smallholders will at least have a chance to
compete with larger-scale producers since they have the
ability to produce at a lower per unit cost of production
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Table 14.1. Farm size in Thailand by type of animal.
Percentage share in number of pigs
Number of swine in holding
1–4
5–19
20–49
50–99
100 and over
Total (percent)
Total (number of pigs)

Percentage share in number of pigs in holding

1978

1988

1993

1998

1978

1988

1993

1998

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
5,314,000

n.a.
n.a.
n.a.
n.a.
n.a.
n.a.
4,684,926

25.26
29.89
20.80
8.28
15.82
100.00
6,182,953

10.07
22.34
16.72
4.24
46.63
100.00
5,731,360

79.35
17.83
2.29
0.35
0.18
100.00
1,263,000

80.15
16.46
2.51
0.54
0.34
100.00
778,113

21.16
39.52
25.50
8.60
5.22
100.00
590,616

60.66
30.10
7.29
0.82
1.13
100.00
465,509

Percentage share in number of
dairy cows in holding

Percentage share in number of dairy cows

Number of dairy cows in
holding

1978

1988

1993

1998

1978

1988

1993

1998

1–4

n.a.

n.a.

9.21

5.76

n.a.

54.73

11.88

34.67

5–19

n.a.

n.a.

44.04

48.90

n.a.

39.85

39.15

49.56

20–49

n.a.

n.a.

26.66

34.90

n.a.

4.53

31.42

15.07

50 and over

n.a.

n.a.

20.09

10.44

n.a.

0.89

17.54

0.69

Total (percent)

n.a.

n.a.

100.00

100.00

n.a.

100.00

100.00

100.00

Total (number of dairy cows)

n.a.

93,654

257,895

240,206

n.a.

15,966

11,616

21,540

Percentage share in number of
chickens in holdings

Percentage share in number of chickens

Number of chickens in
holding

1978

1988

1–19
20–99
100–499

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

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

9.15
16.91
4.80

10.15
20.15
4.96

69.30
30.00
0.53

69.77
29.11
0.84

64.24
33.00
2.03

61.35
36.09
1.99

500–999
1000–9999

n.a.
n.a.

n.a.
n.a.

1.54
29.11

1.00
31.16

0.05
0.09

n.a.
0.28

0.15
0.50

0.08
0.42

n.a.
n.a.
54,157,000

n.a.
n.a.
86,679,292

38.49
32.58
0.03
100.00
100.00
100.00
154,921,930 169,102,499 2,638,000

n.a.
100.00
3,249,177

0.09
100.00
2,617,412

0.06
100.00
3,174,410

10,000 and over
Total (percent)
Total (number of chickens)

1993

1998

1978

1988

1993

1998

Note: Data for 1993 and 1998 are not comparable since they came from different sources—Agricultural survey and Inter-censal survey—conducted
by the National Statistics Office.
n.a. = not available
Sources: Poapongsakorn et al. 2003, citing 1988 Inter-censal survey of agriculture by the National Statistical Office; 1993 Agricultural survey by
the National Statistical Office; 1998 Inter-censal survey of agriculture by the National Statistical Office.

(by using family labor) or at least achieve similar profits
per unit of output as large-scale farmers.
Table 14.4 compares the profit per kilogram live
weight of swine output across farm sizes in three countries. In the case of swine production in Brazil, the profit
per kilogram of output was higher for large-scale (independent and integrated farm) producers than for smallscale producers (Camargo Barros et al., 2003). Further,
the integrated farms actually made positive profits per
unit of output, while farms under cooperatives and independent farms incurred losses. In the Philippines, however, independent smallholder swine farmers had higher
profits per unit of output than large-scale independents.

In Thailand, small-scale independent swine farms had
lower average profits per unit of output than mediumsized farms and large or commercial farms. On the other
hand, large contract swine producers generated the lowest farm profit per unit of output.
Contrary to dairy, the relationship between profitability and size for swine producers is not so clear. Since
contract farmers were given a fixed growing fee, and
since their fee was not adjusted relative to increases in
costs of other inputs, their net revenue was quite low
relative to independent farms. However, these contract
farmers have benefited from contract farming in terms
of improved technology, assured quality of inputs and
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Table 14.2. Average profit per unit of output of liveweight broiler across farm sizes, by country and production arrangement, 2002.

Farm size
Smallholder
<10,000 birds
Country

Large/commercial
≥10,000 birds

Independent

Contract

Independent

Contract

Average profit without Rupees/bird
family labor cost
$/kg*

13.13

1.03

10.93

3.16

(0.11)

(0.01)

(0.09)

(0.03)

Rupees/bird

11.36

9.98

$/kg*

(0.10)

(0.09)

India

Average profit with
family labor cost

Rupees/bird

12.40

0.04

10.80

3.01

$/kg

(0.11)

(0.003)

(0.09)

(0.03)

Rupees/bird

10.59

9.85

$/kg

(0.09)

(0.08)

Philippines
Average profit without Pesos/kg
$/kg
family labor cost

1.59
(0.03)

4.05
(0.08)

1.07
(0.02)

3.96
(0.08)

Average profit with
family labor cost

1.34
(0.03)

3.98
(0.08)

1.06
(0.02)

3.95
(0.08)

Pesos/kg
$/kg

Forward contract
and independent

Thailand
Average profit

Brazil
Average profit

Baht/kg liveweight
$/kg live-weight

Real/kg liveweight
$/kg live-weight

Per-bird wage
contract

Forward contract
and independent

Per-bird wage
contract

0.71

1.35

2.48

1.51

(0.02)

(0.03)

(0.06)

(0.04)

0.05

0.06

(0.02)

(0.02)

*Assuming one bird weighs 2.4 kg liveweight.
Numbers in parentheses are average profit in dollars per unit of output. The currency conversion rates used are based on 2002 foreign
exchange rates: for Thailand, $1 = 42.96 baht; for India, $1 = 48.61 rupees; for Brazil, $1 = 2.92 reals; for the Philippines, $1 = 51.60 pesos.
Source: Delgado et al., 2003, 2008.

outputs, technical assistance, veterinary services, and,
most of all, an income guaranteed to be stable.
The overall implication from comparing relative
profit efficiency across countries for these different commodities and degree of vertical integration is that small
farms are no less efficient in all cases at securing profits
per unit of output when family labor and environmental
externalities are controlled for.
For smallholders to survive livestock industrialization, the key then is for them to have the ability to use
their farm resources more efficiently than large-scale producers do. If large-scale producers are more efficient on
average, then they will be able to drive their costs down

and survive on smaller unit profits but bigger volume of
sales. If this is the case, it is possible that smallholders
will be driven out of the market because of their small
volume of production.
It remains unclear if smallholders have been driven
out of livestock markets because of the scaling up of the
sector, as no one has looked at where they have gone.
In the case of Thailand, available information from secondary sources indicates that the percentage of poor
livestock households has declined proportionately more
than the percentage of poor agricultural households
overall (Poapongsakorn et al., 2003). (See Table 14.5.)
Moreover, the Gini coefficient for livestock farmers is
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Table 14.3. Average profit per liter of milk across farm sizes by country, 2002.

Farm size
Small

Medium

Large/commercial
Liters per day

Country
India

Region

Unit

<10

10–20

20–40

40–80

80–150

Rs/liter

2.21

1.53

1.10

0.88

0.63

0.38

1.47

Rs/liter
Rs/liter

3.09
2.45

1.72
1.62

1.09
1.09

0.71
0.71

0.48
0.48

0.33
0.38

1.27
1.37

Pooled

$/liter

(0.05)

(0.03)

(0.02)

(0.01)

(0.01)

(0.01)

(0.03)

North

Rs/liter

0.46

0.50

0.49

0.39

0.13

0.25

0.44

West

Rs/liter

1.45

0.37

0.69

0.62

0.47

0.38

0.66

Pooled
Pooled

Rs/liter
$/liter

0.52
0.011

0.42
0.009

0.53
0.011

0.49
0.010

0.40
0.008

0.29
0.006

0.43
0.009

North
Average profit
without family
labor cost
West
Pooled
Average profit
with family
labor costed

Thailand
Average profit

Baht/liter
$/liter

Brazil
Average profit

>150

All

1–20 cows

21–60 cows

61–100 cows

All

5.10
(0.12)

6.25
(0.15)

5.35
(0.12)

5.63
(0.13)

<50 head

50–70 head

>70 head

Real/liter

0.04

0.04

0.05

$/liter

(0.01)

(0.02)

(0.02)

Numbers in parentheses are average profit in dollars per liter. The currency conversion rates used are based on 2002 foreign exchange rates:
for Thailand, $1 = 42.96 baht; for India, $1 = 48.61 rupees; and for Brazil, $1 = 2.92 reais.
Source: Delgado et al., 2003, 2008.

shown to be much lower than the Gini for agriculture
as a whole (Poapongsakorn et al., 2003). (A Gini coefficient is tantamount to a cumulative average of income
inequality by class, where a perfectly equal distribution
across classes would yield a Gini of 0 and a perfectly unequal distribution would score 1.) This suggests that the
present income distribution among the livestock-keeping
households has become relatively more equitable over
time. This observation needs further investigation by
empirically testing the effect of livestock industrialization on the livelihoods and employment of smallholders and on rural poverty. Equally important, though not
looked at in this empirical work, is how smallholders are
linked to the rest of the supply chain, as discussed in the
next section.
Though this discussion has focused on producers,
consumers as a whole have benefited from the livestock
industrialization process through the reduction in meat
prices, which are projected to continue to decline at a
rate of about 3% per year (see Table 14.6.). For the poor,
this has had a tremendous effect on their health and
nutrition, as livestock products contain many types of

micronutrients found only in livestock products (Neumann et al., 2002; see also Chapter 12).

Linking Livestock Production to the Supply
Chain in an Era of Increased Food Safety and
Quality Concerns
As the preceding section makes clear, in some cases and
for some countries smallholders have been profitable under certain conditions. Profitability, however, is not the
only key to market access. Today many smallholders
are finding it difficult to link themselves to the new and
emerging food systems that are trying to meet the high
demands of food safety, traceability, and compliance.
The food safety requirements and food systems often favor larger operations over smallholders in supplying the
supply chain, due to high coordination costs.
The problem is exacerbated by geographic dispersion, low education, and poor access to capital and information (Humphrey 2005, Rich and Narrod 2005).
Because of the high transaction and marketing costs of
using smallholders, large-scale producers are increasingly
either sourcing from medium-sized and large growers
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Table 14.4. Profit per kilogram live weight of output of swine across farm sizes by country and production arrangement, 2002.

Farm size
Small
<100 head

Large/commercial
≥100 head

Country
Independent

Contract

Medium
Independent
100–500 head

Pesos/kg

26.60

2.08

19.61

19.83

2.33

$/kg
Pesos/kg

(0.52)
26.45

(0.04)
2.05

(0.38)
19.58

(0.38)
19.82

(0.05)
2.33

$/kg

(0.51)

(0.04)

(0.38)

(0.38)

(0.05)

Philippines
Average profit
without family
labor cost

Average profit
with family
labor cost

Small
≤500 head

Thailand

Independent
Average profit

Baht/kg
$/kg

Contract

Large/commercial
>1000 head
Contract

Independent

Contract

11.9

11.5

15.4

1.7

(0.28)

(0.27)

(0.36)

(0.04)

Small
100–1000 head

Large
>1000 head

Real/kg

–0.25

–0.15

$/kg

(–0.09)

(–0.05)

Brazil
Average profit

Large
Independent

Numbers in parentheses are average profit in dollars per unit of output. The currency conversion rates used are based on 2002 foreign
exchange rates: for Thailand, $1 = 42.96 baht; for Brazil, $1 = 2.92 reais; and for the Philippines, $1 = 51.60 pesos.
Source: Delgado et al., 2008.

trained and trusted to deliver both traceability and food
safety or just producing the livestock product themselves
(Narrod et al., 2006).
Currently in most developing countries, producers supply three different markets: domestic traditional
markets, modern urban markets, and export markets.
(See Table 14.7.) These markets differ in several organizational respects, particularly in their demand for food
safety (World Bank 2006). In traditional local markets,
there is little consumer concern for food safety and thus
little private effort or government control over safety.
Incentives for farmers and enterprises to improve food
safety are weak. There is no attempt to standardize or
coordinate the delivery of products, and there is no technical assistance to aid farmers in improving the situation.
Trust between buyers and sellers is not very important,
and price largely determines competitiveness.

In the emerging modern urban markets in the developing countries, there is growing consumer awareness
for food safety and, as a result, retailers setting up methods to control and sell products that meet a certain set of
safety attributes. The buyers are willing to pay a bit more
for quality and safety, but for the most part the returns
to such investments are low. Trust between buyers and
sellers is, however, becoming increasingly important.
In export markets, there is a high level of consumer
concern for food safety, and thus retailers impose strict
requirements through their supply chain and require
traceability. Also, products need to adhere to a strict
supply schedule. The supply chain itself is demanddriven, and in order to ensure consistency and timely
delivery, contracts are often used. Trust between the buyers and sellers is crucial for building long-term relationships. Competitiveness depends on deliveries of large
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Table 14.5. Percentage of livestock households, agricultural households, and their farm income, Thailand, 1986–2000.
% of household income
Agriculture
households

Livestock
households

Poor
agriculture
households

Poor
livestock
households

Farm income

Farm income

Farm income

Farm income

All

Agriculture Livestock Agriculture Total income

Total income

Total income

Total income

Households

Households

Households

9.4
26.0
29.7
12.4
5.6
8.5
16.2
19.6
58.6

19.6
23.6
22.6
17.8
12.1
11.4
9.2
17.7
12.5

12.3
23.7
19.9
11.1
0.0
0.4
0.0
—
8.3

0.50
0.49
0.51
0.54
0.52
0.52
0.51
0.53
0.53

0.32
0.34
0.34
0.33
0.34
0.35
0.36
0.36
0.37

0.19
0.57
0.31
0.21
0.13
0.25
0.22
0.18
0.52

% of households

Livestock
Year
1986
1988
1990
1992
1994
1996
1998
1999
2000

0.4
0.6
0.6
1.0
0.4
0.5
0.5
0.6
1.4

Poor
livestock

30.0
33.8
19.8
18.4
2.0
13.9
5.7
—
1.4

Poor

46.3
41.2
34.1
31.6
25.1
17.4
17.3
23.1
22.7

21.8
31.6
36.2
26.4
20.9
23.2
26.1
26.9
50.2

Gini coefficient ratio

Agriculture Livestock

1986–99 definition of livestock occupation is livestock workers, dairy farm workers, and poultry farm workers; 2000 definition of livestock
occupation is market-oriented animal producers and related workers.
Source: Poapongsakorn et al., 2003, calculated from National Statistical Office, Socioeconomic Survey data tape.

Table 14.6. Real price changes, 1997–2020, of selected
commodities under baseline scenario.

Commodity

Price change 1997–2020 (%)

Beef
Pigmeat
Poultry meat
Eggs
Milk

–3
–3
–2
–3
–8

Projections to 2020 are from the July 2002 version of IFPRI’s
IMPACT model.
Source: Adapted from Rosegrant et al., 2002.

quantities that are flexible to the changing demands of
the markets.
Two specific examples from India and Viet Nam illustrate how smallholders are linked to the rest of the
supply chain. The supply chain for milk in Rajasthan,
India, includes both organized and unorganized sectors
for the marketing of milk and dairy products (see Birthal
et al., 2006 for more details). (See Figure 14.4.) The organized sector is an integrated structure that includes
the dairy cooperatives and private dairy processors that
procure, process, and market produce from dairy farmers through intermediaries called agents. The informal
or traditional sector involves independent milk producers who sell fresh milk directly to rural and urban consumers, vendors, or processors through their agents. The

local milk vendor who buys milk from producers sells
milk directly to urban consumers and/or to processors,
sweet shops, restaurants, or hotels. The sale to rural consumers is limited and mostly done by smallholders. Large
producers in general sell milk to sweet shops, restaurants, and hotels and in urban milk markets if they exist.
The advantage of contracting is that producers are able
to sell their output to a single buyer and avoid both high
marketing costs in terms of searching for buyers and the
need for timely delivery of output if they sell their milk
to a number of small buyers (Tiongco et al., 2006).
The organized sector uses either market specification
or resource-providing contracts to source milk from producers. Dairy cooperatives, however, are more dominant
and have evolved over time as an important institution
for dairy development. Most private dairy processors
source milk through direct or indirect contracts with
producers. Both cooperatives and private processors provide inputs (such as feed, medicine, vaccines, and mineral mixture) and services (veterinary and technical) to
the willing producers to improve production and quality
of milk, as well as to mitigate production risks.
Since dairying in India is largely concentrated among
smallholders, contracting with a large number of small
dairy producers would be costly for processors. The
processors typically contract with a local villager who
acts as an intermediary (agent) between the firm and
the small producers. The agent motivates producers to
supply milk to the firm; procures milk; helps the firm in
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Table 14.7. Three types of markets and their characteristics.

Type of market

Traditional local markets

Emerging modern urban
domestic markets (supermarkets,
tourist hotels/restaurants,
Export markets in industrial countries
educated affluent consumers)
(retail markets, modern food services)

Little consumer awareness,
concern.
Little private effort.
Government control.

Emerging consumer awareness,
concern.
Retailers try to control and sell
“safety.”

High consumer concern.
High retailer requirements imposed on
suppliers.

Standardization, Virtually absent.
grading, supply Irregular supply.

Emerging importance of
grading, stable supply.

High requirements of grading,
consistency, supply schedule.

Supply-chain
organization

Supply-driven.
Transaction-based.
Little or no net benefit from
coordination.
Little durability in relation
between private actors.
No technical cooperation.

Efforts by retailers to control
quality, safety, and reliability
of supply.
Net financial benefits from
coordination still fragile.
Emerging coordination,
occasional technical support.

Strongly demand-driven.
Durable relations within supply chain,
often on contractual basis.
Cooperation between buyers,
exporters, growers on technology,
information, sometimes on finance.

Price level for
grower and
consumer

Relatively low.
Limited willingness to pay
for quality and safety.

Moderate.
Moderate willingness to pay for
quality and safety.

Relatively high.
High willingness to pay for quality and
safety.

Value added

Very low.

Low/moderate.

Moderate/high.

Trust between
buyers and
sellers

Not very important.

Of emerging importance.

Crucial factor for long-term successful
relations.

Sufficient quantity of improved
quality.

Large quantity required.
Efficient, effective coordinated supply
chains.
Flexible response to changing demand.
Market and product innovation.

Emerging constraints in meeting
requirements of quality,
safety, consistency of
product, regular supply.

Only if well-organized in out-grower
schemes and able to guarantee
safety and uniform quality.

Market
characteristics
Food safety
control

Main determinants Supply at low cost.
of competitiveness

Participation of
small-scale
producers

No constraints.

Source: Adapted from World Bank 2006.

the dissemination of market information, the distribution of inputs, and the provision of services; and pays the
producers.
The agreement between the processor and the agent
is informal but includes specific terms and conditions in
terms of quantity, quality, and price of milk; contract
duration; payment procedures; the sharing of costs and
risks; dispute settlement; and so on. The contract is generally for three years and can be renewed or reneged with
prior notice. The agent (who is also a milk producer)
provides space for milk collection, and the firm provides necessary equipment such as weighing scales, milk
analyzers, milk coolers, and water geysers at no cost to
the agent. Operational expenses, except electricity and

water usage costs, are borne by the agent. The costs of
transporting milk from the collection center to the firms’
processing plant are borne by the firm. The contract
agreement also provides for risk-sharing mechanisms.
Unintentional risks to firm-installed assets (machine failure and wear and tear) are borne by the firm. Risks arising from non-compliance of specified quality standards
are the responsibility of the agent.
The dairy farmers who have informal contracts with
the agent can sell any amount of milk, provided the
supply is on a regular basis and of good quality (based
on fat and solids nonfat content) of milk. The price is
determined on the basis of fat and solids nonfat contents (3–4% in cow milk and 6–8% in buffalo milk). In
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- Vaccines / Medicines

- Utilities

insemination
Wholesalers/
Distributors

Figure 14.4. Milk supply chain in Rajasthan, India.
Source: Birthal et al., 2006.

determining the milk price, the firms consider the prices
paid by competitors in the neighborhood. Payments to
the producers are generally made at an interval of 10–15
days. Most producers receive payments in full and on
time (Birthal et al., 2006).
Swine production in northern Viet Nam is still dominated by smallholders, and the Ministry of Agriculture
and Rural Development is promoting commercial farms
(see ILRI-HAU-IFPRI-PPLPI/FAO 2007 for more details). The majority of these pig raisers are independent
producers. They buy inputs such as piglets, feeds, and
medicines from the input suppliers, who offer them attractive perks such as discounts for bulk purchasing of
inputs, credit at zero interest rates, good-quality inputs,
or the marketing of output. (See Figure 14.5.) Normally,
the input traders are well connected with output traders
so they can certify the quality of the output. Sometimes
output traders provide payment through input suppliers, which is subtracted from the amount borrowed by
the producer. The independent pig raisers normally get
veterinary services from a paraveterinarian, and medicines are procured from medicine shops. Two banks
usually provide formal credit to pig producers: the Vietnam Bank for Agriculture and Rural Development and
the Bank for Investment and Development of Vietnam
(which provides credit only to commercial farms).

Depending on the type of output, smallholders can
sell to different buyers. Farmers normally sell piglets
either to their neighbors or to traders, while slaughter
hogs are typically sold to local butchers or traders. Traders then sell slaughter hogs to wholesalers for marketing
to urban areas or other provinces.
There are also formal contractual arrangements between feed companies (such as Jappa Comfeed of Indonesia and the Charoen Pokphand Company of Thailand)
and large-scale producers. These feed companies provide
contract growers’ inputs such as breeding stock (sows and
boars), weanlings, feeds, medicines, and technical assistance. The contract growers receive a fixed fee for raising
pigs, based on performance standards (for example, feed
conversion ratio or mortality rate) that are agreed when
signing the contract. The contract growers provide land,
pigpens, tools and equipment, and management skills to
the feed companies they have contracted with.
There are also informal contracts between cooperatives and their members. The cooperative provides producers’ inputs such as feeds and medicines at a cost and
gets paid either in cash or with credit by producers. It
also provides technical assistance for a minimal fee and
helps producers to find buyers.
In both these cases—milk supply in Rajasthan and
swine in Viet Nam—smallholders were linked to the
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- Pharmacy

Figure 14.5. Swine supply chain in Viet Nam.
Source: ILRI-HAU-IFPRI-PPLPI/FAO 2007.

markets by either integrators or intermediaries. But their
ability as a whole to have a market voice is rather small.

Smallholders’ Difficulties in Getting Market
Access to Supply Chains
Smallholders face problems both in meeting the product
standards of growing urban and export markets and in
delivering a regular supply. Consequently, they are often
left out due to their low productive capacity, remoteness, and limited competitiveness with larger growers.
Organizational challenges further impede private-sector
inclusion of smallholders. Although the public sector
has traditionally provided services such as extension,
research, infrastructure, and marketing outlets, the
movement toward demand-driven agriculture limits the
government’s ability to fully assist smallholders in the
manner demanded by the marketplace. Rich and Narrod (2005) suggest that close coordination of the supply
chain works against the smallholder for three reasons:
information asymmetry and transaction costs, organizational constraints, and regulatory failure.
Basically there are five main elements essential for
farmers to be linked to the supply chain to ensure market access. First, producers need access to extension

services or technical assistance so that they stay abreast
of changing knowledge of specialized techniques to ensure the safety of high-value products. Second, they need
access to good infrastructures so they can manage flows
between chain links quickly and efficiently and therefore meet the rigid deadlines imposed by buyers and reduce distribution costs. Third, they need access to good
sources of information on changing market needs and
the ability to integrate this information rapidly across the
supply chain when it changes. Fourth, producers need to
be able to ensure that their products meet certain standards through various types of certification, grade, and
standards. These systems need to be not only consistent
but also credible to meet buyer and customer demands.
And fifth, producers need to have good mechanisms for
coordination of their supplies to the markets so as to ensure the consistent delivery of high-quality products to
the market to meet fluctuations in demand.
Table 14.8 identifies the major important supply
chain processes that smallholders need to have access
to in order to stay in the supply chain and the market
failures along that supply chain that affect their ability
to participate. Many smallholders currently experience
market failures in the ability to achieve the processes just
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described. Their access to good extension services is often quite variable. Smallholders tend to face high transportation costs due to geographical locations and poor
infrastructure linking them directly to markets. They often have imperfect information on the needs of buyers
and customers in high-value markets. Further, their ability to meet public or private standards is limited, as there
is often a large divergence between public and private
standards, and their own public sectors often have a low
capacity to enforce public standards. In terms of coordination mechanisms, smallholders often have limited ability to enforce contracts, and there is often a divergence
in market power between supply chain actors.

Conclusions
It has often been argued that larger-scale production is a
prerequisite to higher sustained profitability for livestock
producers, all other things being equal. However, the
evidence indicates that smallholders have succeeded in
maintaining operations in some countries and for some
commodities when family labor and environmental externalities are taken into account. One way they have kept
a foot in livestock production is by moving into contract
farming. There are mixed results about whether contract
farming is more profitable than independent farming.
Clearly in the case of poultry production in India,
the empirical evidence indicates that independent farmers are more profitable than contract farmers. Although
this may be true, it also may reflect the fact that most
of India’s poultry is still slaughtered in live markets.
Case studies have shown that contract farmers had a
less-than-desired profit per unit of output than independents did, but this was outweighed by the performance

of contracts in terms of reduced transaction costs and
stability of income. Broiler contract farmers, in particular, have benefited from the contractual arrangement in
terms of increased knowledge (technical skills), stable incomes, and reduced transaction costs associated with the
procurement of inputs and marketing of outputs.
In the case of India’s dairy production, contract farming has resulted in higher profits per unit of output than
independent farming. The study indicated that contract
producers realized higher profit per liter of milk than
independent producers who sell their produce to vendors and in the open market. The contract price, net of
transaction costs, was higher than the open market price
or the price paid by other buyers in the local market.
The benefits of contract farming in dairy were skewed
toward large producers mainly due to economies of scale
in the disposal of milk. At a similar scale of production,
however, smallholders derived significant benefits from
contract farming through reduction in transaction costs.
In the case of dairy cooperatives in India and Thailand,
sustainability appears to be due in part to government
support schemes. It is unclear how profitable they would
be without such support.
For some commodities, such as broilers and layers, smallholders in all four countries studied have been
rapidly losing their market share. Although smallholders have abandoned poultry activities in these countries,
some producers who were formerly smallholders from
the early 1990s are now large farmers, sometimes migrating to new areas such as central western Brazil or
expanding where they are in southern India.
In countries where institutions for supporting smallholders are weak, where the supply chain has become

Table 14.8. Institutional roles in the supply chain management of high value agricultural products (HVA): support processes.

Supply chain support
processes

Needed roles for supply chain management

Market failures affecting smallholders

Extension services

Knowledge of specialized techniques for
high-value products

Infrastructure
development

Manage flows between chain links quickly
and efficiently to meet rigid deadlines by
buyers; reduce distribution costs to remain
competitive with other supply chains
Integrate information flows across supply
chain actors

Variable smallholder access to public or private
extension; limited public knowledge of new
techniques; underfunding of services
High transportation costs, low access to
smallholder areas, poor infrastructure, erratic
information flows, crowding out by public
sector
Imperfect information by smallholders on needs of
buyers and customers in high value agricultural
products
Smallholders’ ability to meet public or private
standards is limited; divergence between
public and private standards; low capacity to
enforce public standards
Limited enforcement of contracts; divergence in
market power between chain actors

Information services

Certification, grades,
and standards

Coordination
mechanisms

Consistent, credible application of rigid
standards on food safety and quality
specifications to meet buyer and customer
demands
Mechanisms must ensure consistent delivery
of high-quality products

Source: Adapted from Rich and Narrod 2005.
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more complex, and where there are efforts to control a
disease such as avian influenza or foot and mouth disease
(such as in Thailand and Brazil), smallholders are increasingly moving out of livestock production and using
their productive resources for other activities. Currently,
there exists limited evidence on where smallholders have
moved or if they have exited market-oriented livestockraising activities entirely. Although there have been tangible benefits to consumers from lower-cost livestock
products, the evidence for gains to producers, particularly smallholders, is minimal.
Increasingly it appears that smallholders’ ability to
maintain competitiveness in the livestock market is dictated by the ability to be linked to the supply chain and
obtain certain supply chain management necessities. If
market failures are preventing smallholders’ access to
important elements such as extension and information
services, good infrastructure, certification of produce,
and good coordination mechanisms, it is very possible
that they will lose much of their current market access
unless appropriate institutional arrangements are put in
place to ensure they can get the services they need.
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Extensive Livestock Production in Transition
The Future of Sustainable Pastoralism
Jonathan Davies, Maryam Niamir-Fuller, Carol Kerven, and Kenneth Bauer

Main Messages
• Pastoralism is economically viable, but current
development policies do not necessarily promote
effective and sustainable pastoralism. The growth and
viability of pastoralism are constrained in some countries by
inadequately designed and inappropriately chosen policies
that have sought to transform rather than enhance it. A
clear example is the overemphasis on meat and livestock
marketing rather than milk processing and marketing in
Africa. Milk in pastoral economies of eastern Africa may
be worth more than twice as much as meat, and in places
such as Somalia or Botswana the income generated
through milk sales is more important than income from
livestock sales. Yet the trend in many countries is toward
increased livestock sales, which is associated in some
cases with decreasing livestock mobility.
• Pastoralism is commercializing in many countries,
but this process presents new risks to pastoral
livelihoods and hidden environmental costs. The
practice of employing shepherds and having absentee
herd owners is growing; in Jordan, for example, over half
the livestock holdings employ herders. Commercialization
is primarily driven by a combination of growing supply,
as pastoralists increasingly seek goods from outside
the pastoral system, and burgeoning global demand for
livestock products. As pastoralism becomes more market
oriented, a combination of policy incentives and market
forces is driving a transformation of the production system.
Pastoralism is becoming more meat oriented, which can
diminish the gross productivity of the system and reduce
the volume of milk in both the household diet and the
local economy, where it plays a role in cementing social
relationships and institutions.
• Pastoralism is conducive to environmental
stewardship, and where rangelands are degraded this

often reflects a breakdown of mobile pastoralism. Not
only are pastoralists capable of environmental stewardship,
but also many rangelands are grazing dependent.
Rangeland degradation is often due to constraints on
pastoral management, such as the loss of key resources
or the restriction of mobility. Inappropriate policies and
disincentives still contribute to poverty and environmental
degradation in the rangelands. Yet this situation is reversed
in countries that have created a more enabling policy
environment for pastoral development and investment, as
in Tanzania, Mongolia, and Sudan. Given the widespread
perception that large-scale nature conservation efforts
have not been entirely successful, pastoralists—with their
extensive traditional knowledge systems and intricate
institutional and legal arrangements—can provide important
and valuable conservation solutions.
• Sustainable management of the rangelands in
many countries is set back by the political, social,
and economic marginalization of pastoralists.
Marginalization manifests itself in diverse ways, from the
weak availability of data on pastoral areas and concomitant
weaknesses in understanding pastoralism to the low
degree of consultation with pastoralists in development
planning and investment. Rangeland areas often lag behind
in terms of literacy rates or health conditions, and the
inhabitants have been ill equipped to adapt to emerging
trends, such as economic transformations, globalization,
democratization, and climate change. But there is evidence
that this is changing with education and the ongoing
processes of decentralization and self-organization of
pastoralists. Some advances have been made in providing
appropriate services to pastoralists, including education,
health, and financial services, and the infrastructure in many
pastoral areas is gradually improving. Yet pastoralists often
remain excluded from policy making or are represented by
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individuals with inadequate understanding of the pastoral
reality.
• Changing development paradigms have begun
to favor pastoralist development by empowering
pastoralists. The most important shift may be that
development is beginning to focus on pastoralists rather
than pastoralism: seeking to raise capacities and empower
individuals and communities rather than to provide
technical solutions to problems as perceived by outsiders.
Through such approaches pastoralists can identify their
own problems and find appropriate solutions that are
consistent with their own livelihood goals. These changes
are supported by the greater awareness of and emphasis
on rights-based development. They also coincide with
greater understanding of rangeland ecosystems and
growing respect for pastoral traditional knowledge and
customary institutions. Good development practice now
entails empowering pastoralists and enabling them to
enhance their production system. It includes promoting
pastoralist voices and ensuring that customary institutions
are able to apply traditional knowledge for the effective
management of rangeland environments. One important
knowledge gap involves the empowerment of pastoralist
women; sustainable pastoral development cannot be
achieved without much more attention to their decisionmaking roles and their livelihood choices.

Pastoral Development: Modernization or
Substitution?
From the remote hill farms of northern Europe to the hot
lowlands of sub-Saharan Africa, extensive livestock production is central to the livelihoods of millions of rural
people. Yak producers in western China, alpaca farmers
in Peru, and camel herders in Somalia all live on marginal lands where productive potential is relatively low
and the climate is adverse. This commonality is neither
an accident nor an anomaly: extensive livestock production systems are uniquely adapted to such marginal
environments and challenging climates, and they have
been developed to fill just such challenging niches and
to harvest resources that have been inaccessible to other
production systems.
Land degradation is often observed in marginal
rangeland environments, and this degradation is frequently blamed on livestock production. Yet livestock
production has existed in these places for centuries
and even millennia without apparently leading to catastrophic degradation. So what has changed that has led a
once environmentally sustainable practice to degrade its
environment? And are such changes avoidable, reversible, or perhaps even desirable?
Opinions over the role of livestock in land degradation are divided. Extensive livestock production, and in
particular pastoralism, is considered by some to be a
principal cause of land degradation but by others to be

the solution to it. Such polarized points of view suggest
either differences of perception as to what constitutes
degradation or differences in interpretation of the facts.
The different perspectives reflect deep misunderstandings of rangeland environments and pastoral production
systems, as well as the competing interests of different
resource users.

What Is Pastoralism?
Pastoralism is a global phenomenon, found from the
Asian steppes to the Andean regions of South America
and from the mountains of western Europe to the African savanna. It is practiced on 25% of the world’s land
area, provides 10% of global meat, and supports an estimated 200 million pastoral households and the herds
of nearly a billion camelids, cattle, and smaller livestock,
in addition to yaks, horses, reindeer, and other ungulates
(FAO 2001a).
Pastoralism is an ancient form of human activity,
and present-day pastoral peoples carry forward an array
of diverse cultures, ecological adaptations, and management systems that have changed with modernity. Pastoralism is frequently associated with a particular group of
producers—for example, the Masai or the Bedouin—so
that it is often difficult to dissociate the system from the
practitioners. Reflecting such semantic associations, Baxter (1994) asserts that the term pastoralist connotes ethnic groups rather than a production system, so that not
every self-described pastoralist practices pastoralism.
Alternatively, according to the widely used definition of Swift (1988), pastoralist households are those in
which at least 50% of household gross revenue comes
from livestock or livestock-related activities. But such a
definition is not sufficiently precise and could easily include intensive livestock systems, or indeed could define
out many practitioners of pastoralism who have significant other sources of income, whether seasonal or permanent. So researchers often include other criteria in the
definition of pastoral systems, such as the use of common property and private resources, the practice of mobility, the use of family labor, or husbandry of a mixture
of indigenous and cross-bred livestock breeds.
Defining pastoralism is fraught with difficulties,
given the huge variety of systems worldwide and the
challenges of interpreting the various descriptive terms,
such as nomadism or transhumance, between languages.
Such terms often overlap in their meaning and cause
confusion. So for the sake of clarity, in this chapter the
term pastoralism refers to extensive production of herbivorous livestock using pasture (or browse). The term
mobile pastoralism is used to describe systems in which
livestock mobility is a central management strategy, typically associated with the use of common property (as
well as private) resources. The term pastoralist refers
simply to one who practices pastoralism.
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The term ranching is used here to describe extensive
systems in which landownership is more individualized
and where organized livestock mobility (other than paddock grazing) is not a deliberate management strategy. It
is clear that such definitions are not universally applied,
however, and ranching systems in the United States and
Australia may (increasingly) have elements of communal
landownership or managed seasonal migration.
The term nomadism is only used where examples are
borrowed from literature, although the precise definition
of nomadism varies from country to country. Where the
term is used in the literature, it is sometimes synonymous
with mobile pastoralism (that is, it inappropriately replaces the term transhumance), while other times it indicates the absence of any permanent home. Where clarity
over the nature of mobility is required, the term transhumance is used to imply a seasonal movement of livestock between distinct resource areas, such as wet and
dry season pastures, or high and low altitude zones.
There are many types and degrees of pastoral mobility, which may vary according to environmental conditions or the given stage of a household’s life cycle.
Mobility can be seasonal, regular as a pendulum between two well-defined pasture areas following marked
transhumant routes that have not changed for centuries,
or near-random, following erratic rain clouds and rarely
the same from one year to another. Movement is not
necessarily undertaken only for ecological reasons; it can
be for trade, because of conflict, or to seal new political
alliances (Niamir-Fuller 1999).
These divergent patterns make it difficult to classify pastoralists’ mobility. At one extreme, a pastoral
Wodaabe household in Niger may move its camp every
few days throughout the year to ensure that pasture is
grazed vigorously and then rested. Yet the same household, after a catastrophic drought in which it loses all
its animals, may settle and live from agriculture, food
aid, or migrant labor while it builds up its herd again.
Thus, for a time it becomes sedentary. But as soon as the
herd is viable again, the household will resume its mobile
patterns to find pasture for the animals. At the other extreme are agropastoral households in Kyrgyzstan, where
sheep are led on a daily basis to graze upland pastures
during summer months. Although mobility of the flock
is essential for exploiting high altitude pastures in this
Central Asian nation, the household itself is stationary.
The high degree of environmental uncertainty that
characterizes drylands and the extensive nature of livestock production demand a high degree of social organization and control between pastoralists. Outsiders often
perceive this as chaotic and, by failing to recognize the
intricacies of customary institutions for resource management, assume that resources are grabbed in a headlong
free-for-all. In reality, pastoralists manage rangelands
through a complex of common and individual property

rights, where rights holders abide by rules and enforce
them. Where pastoralists’ land has become degraded, it
is usually a combination of a weakening of these customary management institutions and the loss of key resources that make up the pastoral system (McGahey et
al., 2008, Niamir-Fuller 1999, Scoones 1995).
The way pastoralism is practiced around the world
varies greatly, from highly technologically advanced systems in Australia or the United States to near-subsistence
systems in parts of Africa. The degree of social and political support for pastoralism is equally diverse, with some
African governments strongly opposed to it while some
European countries are investing in mobile pastoralism
to manage and conserve biological diversity.

The Economic Values of Pastoralism
In many developing countries pastoralists contribute significantly to their national economies (see Table 15.1),
although production data are seldom disaggregated,
making precise calculations of economic importance
difficult.
In wealthier economies, the relative contribution of
pastoralism to the national economy is lower, although
its importance for rural inhabitants remains high. For instance, Botswana’s rural economy has traditionally been
dominated by the production of cattle, which was the
leading export before independence in 1966 (Hubbard
1986). By the mid-1990s, as the mining industry grew,
livestock accounted for only 3% of gross domestic product (GDP) and about 28% of the total agricultural gross
product (Panin 2000). Yet raising animals remained a
critical part of Botswana’s economy: in the early 1990s
livestock production accounted for almost half of rural
household incomes (Panin and Mahabile 1996).
Likewise, there are strong economic rationales behind extensive livestock production on the vast rangelands of Central Asia, where pastoralists operate in an
extreme environment and use low-cost by-products from
intensive crop production. The Soviet administration understood this when it transformed livestock production
into a major contributor to the rural and national economies of Kazakhstan, Kyrgyzstan, and Turkmenistan
(Kerven et al., 1996). By the end of the Soviet era, Kazakhstan was producing 25% of the Soviet Union’s lamb
and a fifth of its wool, most of which came from pastoral
areas (Diddy and Menegay 1997). Moreover, extensive
grazing systems in the semiarid regions of Kazakhstan,
Uzbekistan, and Turkmenistan were estimated to have
50% lower production costs than other, more intensive
Soviet livestock systems (Kerven et al., 1996). Since independence in the early 1990s, however, extensive livestock
production in these countries has declined significantly,
with meat and wool outputs falling sharply as the governments have curbed investments in the once highly
subsidized dryland pastoral sector (Kerven 2003).

Copyright © 2010 Island Press. Please do not copy or circulate.

288 | Livestock in a Changing Landscape: Drivers, Consequences, and Responses

Table 15.1. Economic significance of pastoralism in various national economies.

Country

Contribution to national economy

Pakistan

Livestock sector produces almost half of the country’s agricultural GDP. About half of the country’s meat
market is supplied by small ruminants from pastoral or agropastoral systems (Nawaz and Khan 1995).
Pastoralism accounts for one-third of GDP and is the second largest source of export earnings (21%)
(UNDP 2003).
Mobile pastoralists account for only 2% of the entire population yet contribute 14% of Iran’s milk and 17%
of its meat (FAO 2004).
The livestock sector, predominantly found in the drylands, provides 42% of agricultural GDP, down from
60% in the Soviet era when the agricultural sector as a whole made up 31% of net material production (a
Soviet measure of output) (World Bank 2005).
Pastoralists own over 60% of the national livestock herd, which produces 10% of GDP and 50% of
agricultural GDP. The estimated value of livestock offtake from pastoral systems in Kenya is $67–107
million (Republic of Kenya 2000).
Pastoralist-dominated livestock sector contributes more than 20% of GDP (Aklilu 2002).
Contribution of rangelands to agricultural GDP estimated at 25% (Berkat 1995).
Livestock production, most of which takes place in semiarid rangelands, contributes 70% of all agricultural
exports. The total value of agricultural exports has greatly exceeded the cost of food imports since
independence (Werner 2003).
Livestock sector, which is predominant in the drier northern regions, contributes 12.7% of agricultural GDP
(Yahuza 2001).
Pastoralist and smallholder livestock producers contribute 18% of agricultural GDP, or 8.5% of total GDP,
providing the country’s fourth biggest foreign exchange earner (Muhereza 2004).

Mongolia
Iran
Kazakhstan

Kenya

Ethiopia
Morocco
Namibia

Nigeria
Uganda

Extensive livestock production is an effective means
of exploiting rangelands because returns can be attained
at relatively low cost, making the systems efficient and
adaptable. In Algeria, for example, pastoralist livestock
production accommodates unpredictable climatic and
economic conditions by moving along a continuum from
labor-intensive milk-based production to more marketoriented meat production (Homewood 1993). Still, the
output does not satisfy the national demand for red
meat, which has led some groups in Algeria to recommend against investing in the sector at all and to focus
instead on intensification of fodder production in cropping zones (Boutonnet 1991). Such policies, however,
fail to recognize the lower productivity costs of extensive
livestock systems and the multiple and complementary
outputs they yield.
Land use by pastoralists is shaped by relatively low
inherent productivity due to aridity, altitude, or temperature and sometimes a combination of all three factors.
Since the output per area of land is naturally constrained,
the density of human population is accordingly limited,
as there is little capacity to absorb more labor productively (Behnke 1995, Sikana and Kerven 1991). As pastoralism is a production system for marginal lands, efforts
to compare extensive livestock production with the sort
of figures that can be attained in less arid or less harsh
conditions are irrelevant. To some extent, then, discussions of the relative economic significance of pastoralism

can be misleading, since they encourage comparisons
with agricultural systems that would not be viable in the
same rangeland environments. Mobile pastoralism is an
effective way of harnessing marginal resources, regardless of how it competes economically with production
systems in nonrangeland ecological zones.
Most studies on pastoral economics use tools that
focus overtly on productivity and commercial offtake,
neglecting nonmonetized products or services. This
overlooks the significant indirect values of pastoralism
and hence the costs of pursuing strategies that encourage commercial ranching. For example, in South Africa
Shackleton et al. (2000) have shown a net annual value
per household for livestock goods and services of $765
for cattle-owning households and $79 for goat-owning
households. But in this region meat and livestock sales
contribute less than 25% of value, while milk, draft
power, transport, and manure account for more than
75%. As a result, standard valuations of communal
livestock systems miss three quarters of the direct use
value and support the conclusion that livestock systems
are unproductive and less efficient than commercial
systems. The misperception that pastoralism does not
produce significant economic values means that governments may fail to make the necessary public investments
in market infrastructure, roads, security, education, and
human and institutional capacity building (McPeak and
Little 2006).

Copyright © 2010 Island Press. Please do not copy or circulate.

Extensive Livestock Production in Transition | 289

The significance of pastoralism lies in its direct contribution to national economies, in its complementarity
with other forms of production, and in its indirect values, such as environmental services and inputs to tourism (Hesse and MacGregor 2006). Unfortunately, data
on these values are extremely hard to come by: livestock
data are rarely disaggregated to show the direct value
of pastoralists and nonpastoralists, and indirect values
are routinely overlooked (Hatfield and Davies 2006).
Nevertheless, it is clear that pastoralism allows for
complementarities between economic production and
environmental protection, between common and private
property regimes, between extensive and intensive land
uses, and between market and subsistence economies
(Jodha 2000).
Policy debates continue to be misinformed by incomplete and inappropriate economic valuations of pastoralist production. The effect is to compare pastoral and
ranching systems in limited terms such as thresholds and
stocking rates. For instance, the productivity of animals
in arid or semiarid regions is frequently compared with
that of animals raised in more-temperate regions, overlooking the fact that mobile production of indigenous,
locally resilient breeds can yield financial returns in conditions where high-yielding exotic animals or crossbreeds
would fail to thrive (Nimbkar 2006, UNCBD 2001).
Two sets of factors are responsible for these distinctive responses: the physiology of indigenous livestock
and the broad mix of products derived from pastoral
and agropastoral herds. Experimental research on output from indigenous African stock subjected to various
levels of nutritional stress suggests that these animals
respond very differently from European breeds of beef
cattle to the nutritional deprivation associated with increasing stocking density (Behnke and Abel 1996). In areas where intensification delivers reliable support in the
form of fodder and veterinary services, crossbreeds have
been found to perform better than native breeds. In dryland areas where such intensive husbandry is impractical
and expensive, however, exotics may perform poorly.

Modernization and the Transformation of
Pastoralism
It is difficult to isolate the root causes of change in livestock production systems since most changes are part of
a multiple series of links in an elaborate chain of cause
and effect. Certain factors such as demographic shifts,
climate change, or the globalization of trade arguably
have disproportionate effects in precipitating changes,
yet even these factors may be subject to feedbacks from
the outcomes they generate. This section discusses some
critical drivers of change, with the caveat that the distinction between cause and effect is not always clear.
Identifying the Value of Pastoral Systems
Many pastoral systems are oriented toward the

production of multiple goods and services such as milk,
hair, meat, blood, manure, transport, draft power, food
storage, capital reserve, and a hedge against inflation,
drought, and other risks (Niamir-Fuller 1999). The range
of goods produced differs widely, with greater emphasis
on fiber production in the pastoral systems of Central
Asia or South America and an emphasis on dairy products in Southern Asia and sub-Saharan Africa.
Pastoralists are traditionally, and increasingly, market-oriented, and they take a pragmatic approach to
stock management (Kerven 1992, McPeak and Little
2006, Jodha 2000). In many developing countries, notably those of North Africa and West Asia, there is a
trend toward commercialized meat production, which is
associated with decreased mobility (Bourbouze 2004).
Pastoralism in Jordan has commercialized and diversified to the extent that professional paid shepherding has
become common, and more than half the holdings on
the Jordanian steppe employ shepherds, 98% of whom
are paid in cash (Blench 1995).
Indeed, increased meat production and “livestock
offtake” are major policy goals of a number of sub-Saharan African countries, despite the much greater significance of milk in the pastoral economy. Data from Kenya
indicate that the total value of milk in the pastoral economy is around double the value of meat and livestock
sales (Nyariki 2004); in the Afar region of Ethiopia, the
difference may be as high as four times (Hatfield and
Davies 2006). In the Ogaden region of Ethiopia—a traditionally food-insecure area—the sale of livestock milk
products generates more than 60% of the income needed
to meet basic needs among pastoral households (Hussein
1999). In the subsistence economy of Botswana, milk
products account for 70% and 67%, respectively, of the
total value of cattle and goat output, while sales of live
animals only account for 23% (Panin 2000).
In the view of many policy makers, however, meat
production systems are seen as more “modern,” and
the goal of converting pastoral systems into “ranching”
operations has been used as a rationale for transforming mobile communities into sedentary ones (Lane and
Moorehead 1995). Meat production is perceived as synonymous with commercial livestock production and has
been promoted as a means of controlling livestock numbers and boosting livestock marketing. This commercialization represents a shift into a less productive system that
reduces the capacity of the rangeland to support people.
As production is commercialized, capital investment and
purchased inputs replace labor in a process of substitution
rather than intensification (Behnke and Abel 1996).
Extensive production techniques, which necessarily
rely on higher degrees of mobility, can be more productive per hectare: studies estimate that pastoralists obtain
more than 2.5 times more energy from meat and milk
offtake than from meat offtake alone (Western 1982,
Western and Finch 1986). This is supported by data in
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Table 15.2, which illustrates the higher levels of productivity in some African pastoral systems compared with
meat-oriented alternatives.
It is important to note that commercialization does
not automatically imply transforming pastoral systems
into meat-only production enterprises. There is significant potential in many pastoralist systems to increase the
range of livestock produce that is marketed or to orient dairy and fiber production more toward the marketplace. The markets certainly exist: the global market for
camel milk alone is estimated at $10 billion, with the
vast majority of the production taking place in the drylands (FAO 2006b). Commercialization of dairy production has been constrained in some pastoralist areas by
lack of access to milk collection centers and also by some
cultural taboos on the sale of milk. However, in Africa’s
two pastoralist-dominated countries—Mauritania and

Somalia—commercial milk collection from nomadic
producers has become routine (Nori et al., 2006, Tiviski
2006).
Important global markets also exist for pastoralproduced fiber, and in particular for specialist and niche
products. Examples include alpaca fiber from the Andean region, Astrakhan (karakul) lamb pelts that have
traditionally been produced in desert pastoral systems
of Central Asia, and cashmere, which is predominantly
produced by pastoralists in China, Mongolia, and Afghanistan. China has become the world’s leading cashmere producer, with around half of the world market
share, and it imports large quantities of raw cashmere
from other Central Asian countries and adds value
through its highly efficient manufacturing sector (Kerven et al., 2005). Mongolian competitors on the global
market have seen the capacity of their wool processing

Table 15.2. Comparisons between Ranching and Traditional Pastoral Production Systems in Africa.

Country

Comments

Zimbabwe

Studies show that the value of communal area (CA) cattle production far exceeds
returns from ranching. If actual stocking rates are used, CA returns are 10 times
higher per hectare.
Communal area production (in cash, energy, and protein terms) per hectare
exceeds returns from ranches by at least three times per hectare, even though
technical production parameters are lower. The difference in soil erosion levels
between the two production systems is negligible, despite differences in
stocking rate.
Traditional systems have higher overall returns per hectare because of the
multiple benefits of draft, transport, manure, milk, and meat compared with the
single beef output from ranches.
Cattle production systems in the Transkei show higher returns per hectare, but
lower productivity indicators, compared with ranches in the commercial white
farming sector.
Gross output levels in individual ranches and undeveloped group ranches are
comparable. Similarly high levels of productivity were found among livestock in
Sukumaland.
The productivity of pastoral herds in the Ngorongoro Conservation Area were
found to be comparable to commercial herds. The patterns of productivity were
similar to those found in Kenyan Maasai herds. Maasai multiproduct outputs are
higher than ranches on a per hectare basis.
Recalculations of figures to include full range of costs and benefits show that
dollar returns per hectare under pastoralism are two times higher than for
ranching. Dollar returns per animal are one-third higher.
The pastoral Borana system has higher returns of both energy and protein per
hectare than industrialized ranching systems in Australia: Australian Northern
Territory ranches only realize 16% as much energy and 30% as much protein per
hectare as the Borana system.
Transhumant pastoral systems yield on average at least twice as much protein
per hectare per year as both sedentary agropastoralists and ranchers in the
United States and Australia.

Botswana

Mozambique

South Africa

Kenya

Tanzania

Uganda

Ethiopia

Mali

Source: Scoones 1995, Wagenaar 1984.
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industry fall in the face of Chinese competition and now
also export raw materials to their neighbor (Halbach
and Ahmad 2005).
Livestock product processing can be a good investment in countries with large pastoralist populations and
a comparative advantage in the low cost of production
in extensive systems. However, world trade in livestock
products is competitive, and underinvestment in the
sector leads to a loss of market share. For example, Afghanistan’s mechanized wool-washing facilities have deteriorated through neglect to the extent that the country’s
traditional carpets are increasingly manufactured from
Australian wool imported via Pakistan. Mismanagement
and low marketing expertise have also seen Afghanistan’s Astrakhan pelt industry lose market share, after
having dominated international markets in the 1950s
(FAO 2003a).
Ethiopia provides another salutary example of underinvestment in the pastoralist sector. Livestock contribute
more than 20% of Ethiopia’s total GDP, and probably
much more if other intermediate values of livestock are
properly assessed. Yet the government allocated less than
0.3% of its recurrent expenditures on livestock between
1993 and 1999 (Aklilu 2002). Partly as a consequence
of its failure to recognize the value of this production,
smuggling of live animals, hides, and skins from Ethiopia into neighboring countries is costing the treasury an
estimated $100 million each year (BBC 2001).
Globalization and International Trade
International livestock trade has been important to pastoralists for a long time, despite long-term underinvestment in many cases. The Horn of Africa, for example,
has traditionally been a globally important region for
livestock exports, much of which originates from pastoralist production systems. Stock from Ethiopia has
traditionally been traded to a large extent through the
Somali ports of Berbera and Boosaso, destined for the
Gulf States. Export figures for Somalia in 1998 show
that 95% of all goat exports and 52% of sheep exports
for eastern Africa were channeled through the country,
and 50–60% of the small stock leaving these ports originated in Ethiopia (Zaal and Poderman 2000).
Trade in livestock from Somalia to the Gulf States
was tremendously important to the East African economy until the late 1970s, when Somalia’s market share
began to be eroded by Australia (Reusse 1982). More
recently, with the collapse of a centralized government
and loss of West Asian market share, cross-border trade
routes have developed, particularly with Kenya and
Ethiopia (Little 2001). Although exports from the region
were cut as a result of insecurity in the late 1980s and a
Saudi ban on Somali livestock imports, trade in sheep
and goats out of northern Somali ports has recovered in
recent years (Little 2001, Nori et al., 2006).

Considering the demand for livestock produce from
North African markets, opportunities to increase livestock trade from sub-Saharan Africa should be great.
Further export growth to North African states is constrained by tight import regulations, however: by high
import tariffs in Morocco (around 250%), by the influence exerted by large, wholesale butchering companies
in Algeria, and by state institutions in Tunisia that have
been set up to avoid price explosions during religious
festivals. Moreover, in Morocco and Algeria the market
for red meat is tightly controlled by urban herders owning large flocks (Alary and El Mourid 2005).
International livestock trade is often poorly monitored, particularly when it occurs across borders, as so
often is the case in pastoralist areas. For example, large
numbers of livestock from the pastoralist systems of
southern Somalia and southeast Ethiopia are traded in
Kenya, with the majority going through the Kenyan market of Garissa: a trade that is estimated to meet around a
quarter of Kenya’s demand for beef (Aklilu 2002), with
the Garissa market generating more than $15 million in
cattle sales alone in 1998. This compares very favorably
with other districts that cultivate coffee and cash crops,
yet the pastoral sector remains greatly undervalued in
national policy deliberations (Little 2001).
Globalization of trade has also had negative impacts on pastoral producers in developing countries,
particularly as pastoralists from countries with stronger
economies take a greater market share and produce a
greater diversity of pastoral products. Wool producers
in India’s Rajasthan region struggle to compete against
imports from Australia and Canada, which both seek
high import quotas to the country (Singh and KöhlerRollefson 2005). As noted earlier, Australian wool has
also replaced local supplies in Afghanistan’s famous carpet manufacturing industry (FAO 2003a). Syria used to
export half a million Awassi sheep annually to the Gulf
States, but it has lost much of its market share to Australia, which now produces the same breed (FAO 2003b).
Developing countries face great challenges in getting access to international markets for livestock and
livestock products, where standards are high and expensive to achieve and maintain. It is notable that livestock
export growth in developing countries has largely been
directed to other nonindustrialized countries, where
food safety standards are relatively less stringent (see
Chapter 2). The real, inflation-adjusted price for beef has
remained stable in European markets for the past three
or four decades, while the cost of meeting sanitary and
phytosanitary standards has greatly increased as a consequence of European consumer concerns over food safety
(Stevens and Kennan 2005, Perry et al., 2005). It is important to note that many of these food safety threats
(e.g., mad cow disease) originated in very intensive livestock production systems.
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Even where preferential trade arrangements are
made, producers are often unable to fill their quotas as
domestic demand increases and takes goods away from
the export market, as in the case of Botswana (Stevens
and Kennan 2005). Between 1995 and 2000, Cotonou
beneficiaries in Southern Africa (Namibia, Swaziland,
and Zimbabwe) have together fulfilled just 64% of their
European export quota (Perry et al., 2005). Likewise, in
Botswana the combination of escalating export costs, flat
prices, and domestic competition for beef supplies meant
the hugely subsidized livestock sector recorded financial
losses in seven out of eight years up to 2005 (Stevens and
Kennan 2005).
Many pastoral areas span international boundaries, and therefore cross-border trade is common. However, rather than facilitating this trade to stimulate local
economies and investing in those economies, some governments impose tariffs and restrictions that effectively
ensure the trade remains in the informal sector, relying
on bribes at border posts where necessary. The cost to
pastoralists of these policy failures is that “legal ambiguities” generate inefficiencies in the market, which
creates opportunities for rent-seeking behavior that disrupts markets (McPeak and Little 2006). More open,
integrated, and competitive markets are required, yet
in government circles, transborder commerce is often
portrayed as illegal smuggling and consequently still remains subject to disruptive border closures and animal
confiscations (Little and Mahmoud 2005).
Cross-border trade is common in Central Asia too:
yaks and cattle are driven from Tajikistan to the urban markets of southern Kyrgyzstan; sheep from western Kyrgyzstan supply the populous Ferghana valley of
Uzbekistan; horses are trekked across the mountains
of northern Kyrgyzstan for sale in the richer communities of south Kazakhstan; cashmere goat fiber is trucked
over the borders of eastern Kazakhstan and Kyrgyzstan
to China; meat from northern Kazakhstan goes to Russia; karakul lamb pelts are sold without state permission
from Turkmenistan to Russia. Nevertheless, the true
value of livestock exports to Central Asian countries
and their populations has not been computed (Kerven
2006).
Pastoralists also serve critical roles in distributing
foodstuffs across borders and ecological niches, as in
the Himalayan regions bordering Nepal, India, Bhutan,
and China, where pastoral movements have traditionally
been integrated into regional systems of food distribution. The recent creation of community forest groups in
Nepal has led to the imposition of restrictions in access
to grazing lands in Humla District, which has disrupted
the long-established patterns of transporting commodities (Bauer 2004). The outcome of these grazing restrictions is that “eighty percent of the traders who peddled
their wares on the backs of mountain goats left the
business” (Wagle and Pathak 1997). This breakdown

in pastoral mobility and its associated food trade was
largely responsible for the famine that claimed hundreds
of lives in 1999 (Bauer 2004).
Cross-border trade is also essential to food security
in eastern Africa, where the export of livestock finances
the import of essential foodstuffs such as rice, wheat
flour, and cooking oil. When the export of animals is interrupted, food supplies dwindle and prices rise (Little
2001, Nori et al., 2006). Similarly, cross-border trade is
an essential economic service provided by pastoralists in
West Africa, in particular the north–south trade between
the arid livestock-producing areas and the humid tropical countries such as Côte d’Ivoire, Ghana, Mali, and
Benin, which was a factor in the introduction of “pastoral transhumance permits” in West Africa during the
1980s. The results of this initiative were mixed, however,
and the benefits for pastoralists of cross-border trade are
constrained by weak spatial integration, which results in
a greater proportion of the proceeds of livestock sales
accruing to nonpastoral agents (Little 2001).
Marketing and Commercialization of Pastoralism
The economic contribution of pastoralism, though significant in many countries, is almost invariably constrained by weak infrastructure, poor market access,
and, increasingly, loss of grazing land. Policy makers
in developing countries face dilemmas over whether to
invest in livestock production for export or to satisfy
domestic demand. Both may be desirable, but the policies and investments required for each may differ greatly
(Scoones and Woolmer 2006).
Local and informal market exchanges frequently
dominate the pastoralist economy, as in Morocco, where
95% of livestock transactions occur in weekly souks (rural markets), with extensive market chains and multiple
actors (Ait-Baba 2003). The proliferation of informal
markets in some countries reflects the imposition of policy and legal constraints to marketing, as in Sudan and
Ethiopia, where bureaucracy, tariffs, and government
barriers to cross-boundary livestock trade produce inefficiencies in formal livestock markets (Aklilu 2002).
Going the informal route can reduce certain costs,
but it may also reduce profits, as in Kenya, where prices
for milk in informal markets were found to be half those
of formal markets, with prices falling even more precipitously in marketplaces further from urban centers (Staal
and Jabbar 2000).
Marketing institutions in East African pastoral areas
are generally poorly developed, particularly for procuring grain from livestock sales during a crisis or for restocking after one (McPeak and Barrett 2001). In West
Asia and North Africa, where increasing affluence and
population growth are increasing the demand for livestock products, poor marketing infrastructure in the
most marginal areas—where the dependence on livestock production is greatest—leads to a loss in market
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share and a shortfall in national production (Aw-Hassan
et al., 2005).
Despite the encouraging data on the contribution
of pastoralism to national economies, pastoralists frequently do not receive commensurate benefits from trade
in livestock products. Kenyan pastoralists, for example,
receive on average around 40% of the terminal market
value price of their livestock, when a level of around
70% would normally be expected (Kibue 2006). Livestock marketing in pastoral regions is complicated by
transaction costs arising from the long distances that the
pastoralist must travel and the poor infrastructure generally found in the marketplace (Scoones 1995). Transaction costs erode the returns and discount the labor that
pastoralists invest in livestock production; if such costs
are too high, they can deter producers from participating in markets altogether (Drabenstott 1995). Indeed,
a strong correlation has been found in pastoral areas
between transaction costs and participation in markets
(McPeak 2002). The impact of transaction costs is therefore not simply a problem for the producer but also for
the livestock industry at large and the national economy
more generally.
In infrastructure-poor dryland areas, where the cost
of procuring food can be prohibitive, even the opening of one or two roads can have a profound impact
on livestock marketing. The opening of the Karakoram
highway in Pakistan greatly affected animal husbandry
in the area by facilitating importation to the region of
grain from the plains, enabling livestock producers to
use more land for producing winter fodder and to adopt
improved fodder technologies (Ehlers and Kreutzman
2000). Similarly, the completion of a tarmac road from
Mogadishu to Boosaso (Somalia) is considered a major
trigger for the developing camel milk marketing in the
region (Nori et al., 2006).
In particular, transaction costs associated with information and organization can create a power imbalance
between trader and producer, lowering returns for pastoralist producers (Ait-Baba 2003). Still, in many pastoralist societies, access to information is not enough on its
own; producers also need to develop the capacity to use
that information (McPeak and Little 2006). It is therefore important to recognize the services provided by
traders in facilitating livestock sales from pastoral areas,
and their proliferation is testimony to their usefulness. In
Tunisia, for example, traders account for 47% of all livestock sellers, whereas producers account for only a third.
These middlemen relieve producers of the high costs and
risks of traveling to markets, keeping up to date with
market information, and maintaining trade links with
buyers. Traders are often from pastoralist communities
or at least of the same ethnic group, giving them greater
access to producers. In India, for example, Raika middlemen and traders fill much of the market chain for wool
and livestock sales, enabling greater market offtake for

households whose workforce is preoccupied with rearing the stock (Singh and Köhler-Rollefson 2005).
The multiple roles of livestock should also be kept in
mind when considering the costs of marketing in pastoralist systems, since there may be a multitude of factors
that influence the decision to sell livestock or products.
Improving market access and infrastructure may improve the returns to livestock producers, but it may not
automatically lead to high sales if livestock are being
reared for other purposes, such as to trade internally for
goods and services provided within the pastoral economy (Perrier 1995). Nevertheless, there is much evidence
of increasing commoditization of pastoral livestock and
livestock products, which demands attention to marketing constraints and costs, whether for raising profits, reducing rent seeking, or increasing total economic output
of pastoral systems.

The Changing Face of Pastoralism
Commoditization
Growth in pastoral populations is fuelling the growing
supply of livestock products in the marketplace as competition over rangeland resources raises the demand for
calories in the form of grain (Desta and Coppock 2005,
Dietz et al., 2001). This population pressure is exacerbated by decreases in the total available pastureland,
which not only leads to greater market orientation but
an increasing tendency to ignore environmental consequences (Jodha 2000).
This increase in supply is complemented, or perhaps
augmented, by the unprecedented global growth in consumer demand for meat, exemplified by an increase in
demand of 70 million metric tons between the 1970s and
1990s in developing countries alone, which has profound
social, environmental, and economic implications (Delgado et al., 1999, FAO 2006b). The growing demand is
increasingly met by livestock production in developing
regions (see Chapter 2), which now produce more meat
than the industrial world does. However, global animal
production growth has so far been driven by increases in
herd size and individual productivity, which is particularly promoted by greater use of purchased feedstuffs.
Although developing-country growth has been more
marked in the meat sector, the dairy sector is also beginning to catch up with production in industrial countries.
Globally, livestock is becoming agriculture’s most
important subsector in supplying commodities to growing markets (ILRI 2006), and pastoralists living on extensive rangelands can play a major role in satisfying
this burgeoning demand, particularly for dairy products.
However, much of the current global production growth
is linked to intensification of production. (See Chapter
2.) Nevertheless, pastoralists are increasingly contributing to their national economies, in addition to satisfying
their subsistence needs. Syria’s pastoralists, for example,
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are almost self-sufficient in terms of daily food, yet they
supply the country’s urban areas with a large part of the
livestock they need. Despite this, Syria still falls 25–30%
short of its demand for animal products, and market opportunities remain to be exploited (Swaid 1997).
Syria’s experience is similar to that of the North African states, where demand for meat far outstrips supply,
with Algeria, Morocco, Tunisia, Libya, and Egypt now
all net importers of mutton (FAO 2006a). Peru is also
typical of many developing countries in that rapid urban growth is accelerating growth in demand for animal
products, which is being satisfied through imports and
is behind the policy goal of increasing offtake from the
country’s pastoral systems in the Andes (Leon-Velarde et
al., 2000). In Turkmenistan and Kazakhstan, the rising
demand for meat and dairy produce, particularly processed goods, has been driven by the rapidly growing oil
and gas industries, which have greatly increased household incomes (World Bank 2005). Such demand offers
important opportunities for the domestic livestock industries in these countries, provided they can compete
with imports.
Making production more consumer-oriented implies
major costs in terms of collection infrastructure and
skills development, particularly where dairy goods are
to be marketed. The dilemma for development planners
is whether to invest in local processing or bulk collection of raw materials. The former is beset by issues of
hygiene and technical constraints, except in cases where
traditional products are already available, while the second approach is hampered by the cost of infrastructure
(Heinz and Dugdill 2000). The preference in Afghanistan
is to promote on-farm processing of milk into cheese, yogurt, curd, butter, and ghee, which allows the profits of
value addition to be captured at the household level and
also allows producers to be involved directly in marketing, reducing the number of links in the marketing chain
(Khan and Iqbal 2000). A similar change is under way
in Peru, where Andean pastoralists are being encouraged
to expand partial or complete processing on site (LeonVelarde et al., 2000).
Increased demand for livestock produce and increased pressure to generate cash income lead to attitudinal changes regarding the use of different livestock
products. Many pastoralist societies have cultural constraints over the commercial use of dairy products, but
milk is increasingly marketed, indicating important social changes. Such attitudes were prevalent in the Pashtun areas of Afghanistan and in northwest India, for
example, where milk was produced for consumption or
for distribution to poor households and the sale of fresh
produce was considered shameful. However, some products, including butter, cheese, and qurut (dried whey), are
more readily sold than others, and there is considerable
potential to increase dairy production. Although challenging, there are profits to be made from investment in

collection, processing, and packaging of dairy products
(Halbach and Ahmad 2005).
Commercialization and the shift in emphasis to meat
production are influencing breed selection in some pastoral systems, as in Algeria, where the Ouled Djellal sheep
is becoming the predominant breed. As a result of the demands for this breed, sheep rearing is now developing in
traditionally agricultural zones (Madani et al., 2003), so
the transformation is both a consequence of change and
a driver of new changes. Meanwhile, Algeria’s Barbarine sheep population decreased by 60% between 1990
and 2000, and the D’man population dropped by 50%
in the same period (Laaziz 2005). In neighboring Morocco, flock composition is also changing, with bovine
numbers increasing in the arid zones and herd structure
shifting from mixed (i.e., ovine, caprine, and camelid)
to one species (Abdelguerfi and Laouar 2000). The increasing demand for meat raises the slaughter value of
livestock in some countries, as in Afghanistan where the
Astrakhan pelt (lamb skin) industry has lost out to the
partial shift in production toward rearing sheep for meat
(FAO 2003a).
Changes in the production system also lead to
changes in the lifestyle of pastoralists, as in the case of
Syria’s Jabbans—mobile herders who produce cheese
and who are moving from the Khanasser valley toward
the steppe, where more dairy sheep are raised (AbdelaliMartini et al., 2006). However, as Syria’s demand for
dairy products grows, so the pastoralist sector is shifting
its focus from sheep toward cow products (FAO 2003b):
in the four years leading up to 2003, yogurt supply increased by over 50% (Hilali et al., 2005).
Marketing of livestock is becoming more crucial to
pastoralist welfare and production strategies. The Somali
pastoralist economy, for example, has shifted from being centered on subsistence production to being export
oriented (UNDP 1998). While the export of livestock is
not a recent phenomenon (e.g., Somalis sent livestock to
the British army’s coaling station in Aden during the late
nineteenth and twentieth centuries), the more recent economic boom in the oil-producing Gulf countries has expanded livestock exports. Ethiopia’s Borana pastoralists
have experienced a similar change, where the growing
human population has led to an increase in commercial livestock trade, which enables pastoralists to raise
the human carrying capacity of their production system
(Desta and Coppock 2005). But simple risk-reducing
mechanisms that are taken for granted in many regions,
such as access to financial institutions for savings and
credit, are widely absent from pastoralist areas. Thus
even when markets can be made to work, there is often
little incentive to sell animals and produce other than to
satisfy immediate household needs.
Pastoralism is often an adaptation to uncertain environments, such as arid and semiarid lands where precipitation is highly variable in terms of both when and
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where it comes. In such environments communities need
insurance against the vagaries of the climate, and particularly the risk of food insecurity. In areas where markets are weak or absent, this need has customarily been
met through mechanisms for redistribution or social
exchange and has led to the establishment of elaborate
mechanisms or institutions for providing social support
(Posner 1980). The “good” that such institutions provide has been referred to as bonding social capital (Putnam 2000).
Many pastoralist communities are experiencing
change in the extent to which livestock are treated as
commodities for sale, although the effect of increased
commoditization of livestock on pastoralist social institutions is far from clear. If bonding social capital is a
constraint to trade, then increasing trade may indicate
a weakening of bonding social capital. Just as the market economics of pastoralism has been undervalued in
the past, so too has the economic value of social capital–based insurance strategies, and it is possible that increased commoditization will lead to loss of resilience
of pastoral communities as traditional mechanisms for
risk spreading are eroded. Attempts to value systems of
reciprocity have sometimes foundered on the misapprehension that they provide insurance against the loss of
individual stock. In reality, such institutions that rely on
social bonds and claims provide insurance against outright destitution of the household (Jahnke 1982) and as
such are closer to a social welfare system.
In some communities, social bonds can inhibit commoditization of livestock through the transaction costs
that they impose on livestock sales (Pryor 1977) or
through cultural norms and taboos on the sale of certain
livestock goods, such as camel milk. This is in contrast
to the facilitating effect of bridging social capital (Putnam 2000), which refers to the richness of networks and
knowledge and is enhanced through education. Bridging
social capital enhances market access and reduces transaction costs, so individuals or communities that are rich
in this capital face lower transaction costs and are better equipped to engage in commercial activities (Sadoulet
and de Janvry 1995).
In certain cases, there are strong disincentives to increased commercialization. In Botswana, for example,
smallholders rear cattle and goats primarily for milk that
is consumed in the household rather than commercially
traded, since trade yields only marginal gains. Increased
commercial involvement has not meant that herds can
be managed more profitably per head, or even that animals can be sold at a higher rate. It simply means that
purchased inputs displace domestic labor in the production process and that specialized single-commodity
production replaces the production of a diverse array
of goods for home consumption—goods that then need
to be purchased (Behnke 1987). Increasing commercialization of livestock would require greater allocation of

milk to calves, forcing households in turn to substitute
milk in the household diet—a significant and inhibitory
cost in nutritional and social terms. A similar constraint
is widely observed in South Africa, where livestock are
produced for the sake of consumption to offset the high
costs of purchasing food (Shackleton et al., 2000).
Pastoralists routinely make trade-offs between livestock and livestock products and between the use value
and commercial value of their assets. They trade off the
value of selling livestock produce against the cost of
purchasing replacement food. As commercialization increases, pastoralism is increasingly influenced by market
forces, which inevitably means that pastoral production
has to respond to market forces and to consumer preferences. To balance the demands of market orientation,
economic efficiency, and mobility, however, pastoralists
will need to develop new and appropriate technologies
and production practices. Policy support is needed to enable pastoralists to engage more effectively in markets
and to reduce the risks that come with increased commoditization. Market access for pastoralists at an international level also needs to be expanded, for example by
achieving World Trade Organization agreement to curtail subsidies to livestock producers in richer countries.
Intensification, Extensification, and Adaptation
Pastoralism is typically practiced in environments that
have low but highly variable precipitation and often in
regions of cold temperatures and high altitude. Extensive livestock systems are adapted to this environmental
variability and the short growing seasons that are common in rangelands, and mobile pastoralism is perhaps
the epitome of adaptability and management of uncertainty. Mobility is a key component in the success of
pastoral management strategies and has persisted despite attempts to sedentarize pastoralists and the failure
to invest in their system. Indeed, mobility (whether it is
of pastoralists or other mobile resource users, such as
hunter-gatherers or fisherfolk) is not tolerated in many
legal systems (Niamir-Fuller 1999).
Patterns of mobility in pastoral systems around the
world are changing in response to an array of forces, with
more mobility in some regions and less in others. An example of reduced mobility is found in Algeria, where animal movements have become limited to between 10 and
50 kilometers and where long-distance transhumance is
now only carried out by 5% of the steppe population
(Nedjraoui 2001). Increased or enhanced mobility, in
contrast, is seen in Spain, where a 1995 Act of Parliament
legitimizes the country’s 120,000 kilometers of cañadas,
or transhumance corridors, to ensure that pastoral flocks
continue their transhumance and, in so doing, continue
to preserve the country’s biodiversity (Jefatura del Estado 1995).
Yet the extent of mobility has reduced in many countries, with herders switching from truly nomadic to a
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transhumant system. In the Syrian Al Badia steppe, for
example, there are between 900,000 and 1.5 million
transhumant herders, although the number of nomadic
herders has decreased to about 10,000 (FAO 2003b). In
the Jordan Badia, barely 2% of livestock herders are still
nomadic, and many have become seminomadic and live
in permanent houses, although their stock is still moved
according to the availability of forage (Blench 1995). Indeed, some Jordanian Bedouin have taken up a variety of
seasonal and permanent employment outside the pastoral sector; for them, sheep production has become more
symbolic than actual (Abu-Rabia 1994).
In Iran, the fragmentation of traditional migratory
routes has precipitated the now routine use of trucks to
transport livestock (FAO 2004). Similarly, pastoralism
in the Al-Badia desert of Jordan and Syria is increasingly mechanized, and 80% of producers own a truck,
tractor, or car (Masri 2001). Traditionally, when water
supplies dried up in late spring the flocks were moved
to rainfed areas where water, crop residues, fallow, and
mountain grazing were available. Nowadays, trucks are
used to provide water and feed to the herds or to move
whole herds to pastures, resulting in overexploitation
of pastures where formerly the scarcity of water limited
the grazing and allowed the vegetation to recover (FAO
2003b). Increased trucking of stock among Syria’s Badia has thus come at an environmental cost, with trucks
triggering breakup of the substrate, causing soil loss and
the development of soft sand or mud that makes routes
impassable, in some cases leading to erosion zones a
kilometer wide (FAO 2003b). Likewise, in Algeria the
mechanization of water transportation and reliance on
supplemental feed has meant flocks spend too long in
given areas, disturbing the natural balance and intensifying degradation (Sidahmed et al., 2000).
Reduced mobility and increased commercialization
often go hand in hand, leading to further changes in the
production system. As herders have become less mobile
in South Tunisia, there has been a switch in the ovine
race used from the drought-resistant, fat-tailed Barbarine to thin-tailed, selective grazing Bergui or Queue Fine.
Such changes are also driven, as mentioned previously,
by changing urban demand and consumer tastes (Alary
and El Mourid 2005).
The process of intensification in many countries also
entails fencing communal pastures, which can impose
environmental costs through reduced livestock mobility
and the shift from periodic intense grazing to sustained
steady grazing. This is seen in the “ranching” systems
that were imposed for meat production in Namibia, Botswana, Kenya, and more recently China (Niamir-Fuller
1999, Zhaoli et al., 2005, Bauer 2005).
As grazing pressures increase and livestock keeping
becomes more intensive, the demand for feed supplements can increase. In Afghanistan, 18% of livestock
income is used to buy supplementary feed in “normal

years,” and some pastoralists spend up to $50 per animal on supplementary feed over the winter (FAO 2003a).
Feed expenses have become critical investments in many
pastoralist systems. With the availability of subsidized
feeds in Jordan, feed purchases have become the single
most important expenditure in almost every household
that keeps livestock (Blench 1995). As a result of the increase in purchased feed supplements, pasture now only
accounts for 5% of the feed input for small ruminants in
Egypt and 30% in Morocco compared with 70–80% in
the 1960s (Thomson 1997, MADR 2003).
The reverse of this trend toward intensification has
been seen in recent years in Tajikistan’s pastoralist sector. This sector declined during the 1990s as civil conflict
restricted access to pastures and the state/collective sector was generally disrupted. The agricultural sector more
generally declined, and land that was used for fodder
production was diverted to other uses. Although efforts
have been made to restock the country, breed improvement is no longer practiced, and the availability of or access to veterinary services is proving a challenge for the
private sector (FAO 2001b).
In parts of Central Asia, after the dissolution of the
Soviet Union and the end of central planning and subsidized irrigated agriculture, a significant number of people returned to the nomadic pastoral livelihood system
their grandparents had been forced out of in the 1930s
(Mearns 1993, Mearns and Swift 1996). In Mongolia,
for example, many people turned from failed state enterprises to individualized (family) herding in the early
1990s, although many of these “new herders” were not
skilled or committed enough to survive in herding and
left again or were driven out by bad winters at the start
of the millennium. The situation in the region is mixed,
and despite the return to pastoralism in Mongolia, in
many other Central Asian countries the opposite occurred (Mearns 1993, Potkanski 1993, Fernandez-Gimenez 2002).
Extensification of livestock systems is occurring in
parts of the United States, notably in the drier rangelands
states such as Texas. In such regions, monsoon rain patterns frequently leave ranches without water, which has
encouraged the creation of pasture sharing or “grassbanking” between producers. This drought management
tool resembles other mobile pastoralist systems in which
herds are moved over great distances in response to the
heterogeneous dispersion of water and pasture (Malpai
Borderlands Group 2007). This initiative has contributed to development of a National Grassbank Network:
“a partnership that leverages conservation practices
across multiple land ownerships based on the exchange
of forage for tangible conservation benefits.” (See www
.grassbank.net.)
In Romania, transhumance continued during communism largely because the remote mountain regions
had limited agricultural potential and were deemed
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unsuitable for collectivization. The government did
not allow international goods into Romania, so there
was a high demand for fresh produce on the open, but
controlled, markets. The great wealth that some transhumance shepherds accrued gave them leverage to negotiate with those in power. Since the revolution in 1989,
however, Romanian transhumance has been affected by
the opening of the markets to imports, the encouragement of large-scale cropping in the valleys, and development of forest enterprises (Huband et al., 2004).
In more industrialized countries, pastoralists may
benefit from direct government support. For example, European Council Regulation 1698/2005 outlines support
for protection of the environment and the countryside
through appropriate land management and emphasizes
the preservation and development of high-nature-value
farming systems (which includes mountain pastoralism)
as one of the priority areas of Rural Development (European Union 2005). Support for this is also becoming
consumer driven, with the growth in the organic agriculture movement and civil society movements such as
the Via Campesina (www.viacampesina.org) and the
Slow Food Movement (www.slowfood.com). The Terra
Madre experience shows that the appreciation of extensive livestock and pastoral animal products is on the rise
(www.terramadre2006.org). Pastoralist communities are
undergoing significant transformation, but they are also
confronted with a growing range of opportunities for
commercializing production. Understanding the drivers
of such changes will enable more appropriate policy support for the development of extensive livestock-producing regions.

New Challenges and Opportunities for
Extensive Livestock Systems
Securing Land Tenure to Promote Investment
Many pastoralist communities are experiencing significant change in land use as pressure over land increases
and in response to market and other forces. The importance of mobility in many pastoral systems creates
a challenge for securing land in many countries, since
mobility often relies on a degree of communal ownership, regulated through customary institutions that are
often not recognized in statutory law. Many countries
lack statutory protection of common property rights and
instead give priority to land privatization based on individual title, although statutory recognition of common
property arrangements is now found in countries as diverse as Scotland and Uganda (Fuys et al., 2007).
In recent years, the adoption by most developing nations of principles such as land tenure reform, decentralization, devolution, and democracy has increased some
mobile populations’ security of access to land, resources,
and services. In Bolivia, for example, where indigenous
people constitute over half the rural population, a new

land law in 1996 created the concept of community lands
of origin and enabled the restitution of large territories
in favor of the original inhabitants (Kay and Urioste
2005). The International Covenant on Economic, Social
and Cultural Rights states that indigenous populations
are particularly threatened by and vulnerable to loss of
access to their ancestral lands (FAO 2005). Nevertheless,
pastoralists and other “marginal” populations continue
to be disadvantaged because of structural impediments
and the requirement of many legal systems for strict definitions of boundaries, single systems of rights (versus
nested or multiple rights), and strict codification.
Pastoralists continue to face the loss of key rangeland
resources, which has major implications for pastoralist
systems, as in Ethiopia, where the grazing land and water access has been lost in the Afar region, disrupting the
pastoral economy (Motzfeldt 2005). Since land in Ethiopia is officially state owned, and since the government
system does not recognize pastoralists’ rights over unimproved, unsettled land, cultivators from neighboring
regions are favored, which leads to the spread of farming
and the loss of access to forests and pastures (Markakis 2004). Afar pastoralists have had little engagement
with Ethiopian politics and they lack effective representatives to raise their interests. Despite Ethiopia’s efforts
to develop ethnic federalism, and despite the presence of
a standing committee on Pastoralist Affairs in the Parliament, pastoralist politicians in the region have been unable to introduce legislation that would be of significant
benefit to their constituents (Markakis 2004).
Uganda’s Karimojong pastoralists face a similar
curtailment of their rights, with “36% of Karamoja
. . . gazetted as government land for forest and wildlife protection while the remaining 64% of the land is
designated as a controlled hunting area. Karamoja is
therefore made up of one national park and three game
reserves comprising 7,349 square kilometers, nineteen
forest resources taking up 2,307 square kilometers and
three controlled hunting areas occupying 19,922 square
kilometers. It is estimated that by 1996, 22,010 square
kilometers had been licensed to 13 private companies
who either engaged in mining of marble or gemstones, or
hold exclusive or special prospective licenses” (Uganda
Land Alliance 2000, p. 1).
The loss of key resource patches often strikes a critical blow to pastoralist systems, since these zones often
provide buffer resources that are only occasionally
tapped in times of duress; as such, the resources are declared vacant and title is given to other users. Laws that
favor settled populations often lead to the loss of pastoral land to cultivators, the removal of seasonal resources,
or blocks on transhumance routes (Toulmin 2006). In
Somalia, drought contingency plans have been compromised by the loss of wetland ecosystems that have been
put under irrigation (Adams et al., 2006). Kenya’s Turkana have been similarly disadvantaged by the loss of
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key wetland pastures owing to the damming of the River
Turkwel, leaving many of the community dependent on
food aid (Adams 1992, Hawley 2003). Not only does
the loss of resource patches compromise pastoral risk
management strategies, but as a consequence pastoralists are squeezed into smaller areas of land, which raises
their reliance on feed supplements (Dutilly-Diane et al.,
2005).
Despite the environmental and economic rationale of
pastoral mobility, the constraints on movement are manifold. Not only is there an absence of supporting legal
frameworks for mobility, such as mechanisms for regulating transhumance, but also prevailing attitudes are
stacked against mobility. Some policy makers maintain
that pastoralists need to settle in order to benefit from
services and that it is too difficult to deliver services to
mobile pastoralists. In this way, administrative exigency
can lead to the adoption of policies that curtail mobility
and instead support the sedentarization of pastoralists
(UNDP 2003).
In recent years, however, some positive developments have helped secure pastoral rights. The Senegalese
government, for example, has for the first time officially
transferred the ownership of pastoral lands to pastoral
associations in the southern Ferlo region (Ly and Niamir-Fuller 2005). Revisions of China’s national grasslands law in 2004 allowed communal control of pastures
by village-level groups (Banks et al., 2003). Other progressive policies are found in the pastoral codes in West
Africa (e.g., Mauritania’s pastoral code, which is explicit
in its support of pastoral mobility; Mali’s Law 01-004
of 27 February 2001; and Guinea’s Law 95/051, 1995),
providing a legal mechanism for the recognition of pastoral land right. Unfortunately, pastoral codes in West
Africa have been tainted by lack of consultation with
and ownership by pastoralists. And implementation has
proved to be problematic as a result of contradictory sectoral legislation (Hesse and Thébaud 2006).
Changing Land Use Regimes and Land
Use Incentives
Recent changes in land use may be the result of new land
users arriving with new production systems, as in the
case of Tanzania’s Barabaig, who have lost large areas
of land to large-scale mechanized wheat production systems (Lane 1990). But they may also indicate pastoralists
seizing opportunities, as in the case of some Masai in
Tanzania who have resorted to farming as a means to
protect their land from encroachment (Conroy 2001).
Increasing crop cultivation is witnessed on key dryland resource pockets (such as streambeds and valley
bottoms) in Kenya and Ethiopia and is becoming a key
driver of resource conflict in pastoralist areas. In areas
where cultivation is increasing, traditional systems for
resolving conflict are proving less effective and conflicts
are becoming more frequent (Yirbecho et al., 2004).

Tunisia provides an apt illustration of the competing
pressures and the consequences of privatization. Tunisia’s collective arid rangelands cover more than 1 million
hectares and receive between 50 and 150 millimeters of
rainfall per year. Until recently, the region was still exploited by nomadic and seminomadic herders practicing
seasonal transhumance, but rangeland management and
livestock production systems have changed in the face of
increased privatization of the best rangelands for arboricultural development (Nasr et al., 2000).
Other examples show that the interactions between
irrigated agriculture and pastoralism in drylands are
complex and, in some places, complementary. In Sudan,
farmers practice “preventive clearing”: when pastoralists
are absent, farmers preventively clear land in order to secure property rights, given that both nomads and farmers will normally respect the security of usufruct property
rights. Such encroachment by farmers is often backed by
formal legislation (McGahey et al., 2008). In Kenya, cultivation of the Masai Mara has increased tremendously
over the past 30 years, more than doubling every decade.
Far from reducing pastoralism, however, this has been
associated with a similarly dramatic increase in livestock
marketing and little change in the total livestock population (Norton-Griffiths et al., 2006).
It is fairly incontrovertible that irrigated agriculture
in drylands is more productive per hectare than nonirrigated land. The more relevant question in terms of
comparing the productivity of irrigated agriculture and
other uses of land in drylands is the scale of land area
that needs to be irrigated and which parts of the land
are being used to assess productivity. For example, in the
Kilimanjaro region of Kenya, conversion of the scarce
main wetland systems upon which the wider landscape
depends might constitute 2–3% of the landscape but
undermine productivity of the livestock system on most
of the remaining 97% of land area (Hatfield and Davies
2006).
More holistic valuations will help prevent economically damaging policies that encourage replacing
pastoralism with crop cultivation. This requires better
understanding of consumption values, the current and
the potential share of livestock products in foreign exchange earnings, and the value of the wide range of indirect goods and services that pastoralism provides. When
multiple uses are considered, alternative rangeland livestock systems appear highly undesirable.
Lessons in Pastoral Development
Sedentarization has been at the heart of development of
pastoral systems since the colonial times. Failure of such
schemes has led to disillusionment on the part of decision
makers, who in turn have blamed pastoralists for being
resistant to change (Andersen 1999), even while the policy has led to overgrazing and land degradation. Livestock development projects have long sought to increase
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livestock productivity (usually for export) rather than to
enhance livelihoods. Drawing on the classical ranching
model from the United States, interventions from the
1960s to the 1980s encouraged sedentarization, destocking, and water development. These interventions did
not necessarily improve livestock productivity, however,
and some were very destructive, leading to increases in
livestock populations in the immediate vicinity of water
points and environmental degradation (Sandford 1983,
Thébaud 1990).
The early 1980s saw the advent of integrated rural
development projects, which were less coercive and more
service oriented and had a nodding appreciation for local
perspectives, yet they retained an implicit sedentarization
agenda. The “blueprint” approach to pastoral development persisted, and land-use “guidelines” still tended to
be discussed with land users only after their creation.
Attempts were made to modify institutional structures
for natural resource management, and legally registered
pastoral associations emerged, with the responsibility
for managing (but not owning) defined land areas. These
new institutions had undefined relationships to customary ones, leading to ineffectiveness or further breakdown
of customary institutions (Niamir-Fuller 1999).
In the 1980s and 1990s, government programs and
development projects in Africa and parts of Asia and
Latin America experimented with new forms of pastoral
organization, such as pastoral associations, and group
ranching. Many of these experiments failed for a variety
of reasons:
• They induced a period of rapid loss of social
capital among pastoral communities, with strong
tendencies toward loss of the traditional power base,
individualization, brigandry, and an increasing gap
between the rich/powerful and the poor.
• The new forms of social organization were
underpinned intuitively by relatively alien concepts,
such as hierarchical or horizontal organizations,
modern education being more valuable than
traditional seniority, and planning/management
concepts, all of which were never explicitly identified
or overtly discussed and accepted.
• The diverse social and economic services provided
by the institutions being replaced or supplanted
were not acknowledged, and there was no effort
to provide commensurate alternatives, such as
insurance, finance, and other services (Swift et al.,
2003).
Recognition of the importance of mobility has increased
since the 1990s, and greater efforts have been made to
develop, rather than replace, pastoralism. For example,
efforts were made in Francophone West Africa to create official transhumance routes, with permits (e.g.,
ECOWAS Transhumance Certificates), supervised cross

border movements, watering points, and quarantine stations (Thébaud 2001). These routes still exist, although
infrastructure is inadequately maintained due to lack of
funding.
Since the 1990s, development assistance projects
have pursued natural resource management on a more
localized scale and have been more strongly influenced
by common property theory. Such projects have built
local-level institutions for natural resource management,
although they have been critiqued for overlooking informal local institutions and ignoring differences between
the interests of leaders and nonleaders (Toulmin et al.,
2002). The focus on the village (or groups of villages)
has not fully suited the spatial arrangements of pastoralists, and the promotion of exclusionary mechanisms in
land-tenure systems illustrates the continuing underappreciation of resource variability in dryland areas.
As mentioned earlier, customary institutions for decision making and resource allocation are integral to
pastoralism—they are key, for example, for effective resource management, coordination of mobility, and the
effective functioning of risk management mechanisms
such as social safety networks. If these institutions are
not supported, the flexibility of pastoral production systems will erode (Niamir-Fuller 1999).
As development planners have begun to acknowledge the role of traditional knowledge and customary
institutions, and as they have accommodated more participatory and empowering approaches to development,
they are opening the door for the self-organization of
pastoralists. This is complemented by the steady increase
in the total number of educated pastoralists and the improved access to democratic institutions associated, for
example, with decentralization (Lister 2004). Such processes are crucial, because in many countries pastoralists
are unaware of prevailing legal procedures and they lack
understanding of their rights and responsibilities as citizens (Bonfiglioli 1992).
There has been a clear trend over the past 40 years
from top-down planning toward grassroots consultation
with pastoralists and from the assumption that pastoralism is archaic toward recognition that pastoralism can
be compatible with development and progress. Changes
in pastoral development programming are influenced by
broader changes in the approach to development, including the shift toward rights-based programming and
empowering approaches.
Advances in Range Science and the New
Range Ecology
Beyond the social and economic issues just considered,
the status of pastoralism also impinges upon and is affected by global concerns over biodiversity and natural resource management. In this context, advances in
range science hold potential as future drivers of change.
Research has shown that standard concepts of carrying
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capacity are inappropriate in nonequilibrium environments such as the semiarid to arid rangelands and that
opportunistic pastoral systems, involving mobility and
fluctuation in herd size, are more sustainable than constant stocking rates (Behnke and Abel 1996).
A large body of literature shows that, under proper
management, livestock can be beneficial to rangeland
production, biodiversity, and subsequent moisture availability. Indeed, this is a logical conclusion given the
widely accepted concept of coevolution (in this case,
grazers and grasses) backed by characteristics such as
ground-level growth points in grasses that can withstand
almost complete “harvesting” of the plant (Behnke and
Abel 1996, Dijkman 1998, Breman and de Wit 1983,
Savory 1999). Where grazing is sustained in one place,
such as around wells and markets, degradation becomes
apparent, but it is much less evident in open rangelands
where mobility is unrestricted. High concentrations of
livestock are beneficial for breaking up the soil surface
and for gut scarification of grass seeds, but mobility
must continue to ensure that pasture is rested and that
seeds are dispersed (Savory 1999).
Grazing pressure can be timed to maximize plant
productivity and overall biodiversity and can be used to
reverse degradation. Appropriate use of enhanced livestock mobility for reclamation of degraded rangelands,
which takes into account the time as well as the number
of animals that need to be managed, has been shown to
increase soil cover, to increase infiltration (decreased losses
of water from runoff and evaporation), and subsequently
to lead to more water being available to recharge streams,
boreholes, and springs that can support livestock and
wildlife (Savory 1999). This approach is being increasingly used by ranchers across the “developed drylands”
of the United States, Australia, Canada, Mexico, and
South Africa. Results from the United States have been
impressive, with a 300% increase in the types of perennial species and an increase in beef productivity from 66
kg/ha to 171 kg/ha (Stinner at al., 1997). Such systems
of planned management—of intensive grazing combined
with mobility—have traditionally been a central part of
mobile pastoralist systems (McGahey et al., 2008).
In most of Europe pastoralism takes place in areas of
high nature value (HNV), and it is undergrazing rather
than overgrazing that leads to degradation and the loss
of pastoralism-related HNV. In the British landscape,
grassland, heath, wood pasture, floodplain, and coastal
marshes are all understood to require livestock grazing to
conserve the associated wildlife habitats. Grazing plays a
role in the maintenance of the species habitats through
preventing scrub encroachment and removing plant material without cutting and burning, thus providing area
for species mobility (English Nature 2005). European
pastoral systems—ranging from reindeer husbandry in
Norway to sheep grazing in Spain and cattle grazing in

the Swiss Alps—illustrate how large-scale grazing systems can lend themselves to biodiversity improvements
and habitat creation. There is a widespread perception
that large-scale nature conservation efforts have not
been successful and that pastoralists, through their intricate institutional and legal arrangements, can provide a
solution to conservation (Gueydon and Roder 2003).
Transhumance is in decline in some European mountain regions (Baldock et al., 1996) but in central and
southern Europe many vigorous systems remain (Mangas Navas 1992, Gómez Sal and Rodríquez-Pascual
1992). Mountain ecosystems are among the most highly
valued in Europe, not only because of their high biodiversity but also because of their aesthetic appeal and high
tourist value. In many parts of Europe there is potential
for farmers to enhance their extensive livestock systems
to optimize the HNV they protect, for example through
reopening of traditional transhumance corridors. These
farmers can target organic niche markets (meat and milk)
as well as participate in the tourist industry. There are
hopeful examples from the European Union of Romanian shepherds using modern information technologies
to leverage the mobility of pastoralism in order to reap
greater profits (Huband et al., 2004).
The traditional conservation approach, whereby a
section of land is essentially alienated from human activities, is drawing increasing criticism, particularly in
pastoral areas, as it removes key resources upon which
community members depend for their livelihood. This
has fueled community resentment and ultimately has
undermined support for wildlife conservation. Furthermore, experience is showing that wildlife populations do
not appear to thrive under this model, except in situations where the conservancy is very large, which is often
not socially and politically possible. In Kenya’s Masai
land, for example, the greatest diversity and highest
concentrations of wildlife have been observed not inside
the parks but in the neighborhood of grazing livestock,
suggesting that wildlife gain from the presence of pastoralists and their herds. The existence of both land use
forms side by side could be most beneficial for the maximization of income and food security in rangeland areas
(Norton-Griffiths et al., 2006).
Although the science of opportunism is widely understood and recognized, it has been slow to filter through
to field-level outcomes. The wildlife conservation movement has been a driving force in the misunderstanding
of rangelands management and has used its allegations
of environmental degradation to justify the confiscation
of land from pastoralists. Attitudes to conservation are
still often dominated by the logic of “fence and fine” instead of opening and enabling, although in recent years
conservationists have begun to acknowledge the important role that extensive livestock production can play in
maintaining and improving wildlife and plant diversity.
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Building Human Capital for Pastoralism
Provision of basic services in pastoral areas is urgently
needed to build the capacity of livestock-dependent
populations to adapt and diversify and thereby to take
advantage of risk-reducing opportunities. For pastoralists to enhance their production system they need to be
granted their basic rights; in particular, they require access to health, education, and security services. Clear
links have been shown between education and the capacity of rural producers to engage in markets (Strasberg
et al., 1999), and it is reasonable to suggest that decentralization, awareness-raising, and education would also
improve the adoption or development of new production
and processing technologies and could facilitate the adaptation of customary institutions to modern administrative institutions.
The mobility and dispersion of pastoralists, though
often essential to manage their natural resource base, creates difficulties in gaining access to services. Pastoralists
are often excluded from basic services because of their
geographical isolation, and the services that are provided
are frequently limited by a lack of staff and the absence
of basic infrastructure (Schelling et al., 2005).
Since the late 1980s various development efforts have
sought to deliver low-cost, appropriate technologies for
bringing services to mobile and remote populations, although such approaches are in their infancy and may not
yet achieve the quality of traditional service delivery systems (see Chapter 11). The most notable successes have
been in the provision of mobile veterinary services and
in particular the training of community animal health
workers, or “paravets” (Catley et al., 2002).
Pastoralists’ traditional knowledge systems regarding
their environment and their production system are very
rich, but such skills are not easily transferable outside the
pastoral system, and levels of literacy among pastoralists
remain low. In Kenya, the literacy rate among pastoralists is below 20%, compared with the national average
of 69%, and there are only 2.2 doctors per thousand pastoral people compared with 15 per thousand nationally
(Birch and Shuria 2001). In the Afar region of Ethiopia,
the overall adult literacy rate was 25% in 1999, but in
the rural pastoralist areas it was 8% (UNESCO 2005).
Improving education in pastoral regions is not simply a matter of making schools available and accessible.
It also involves making curricula relevant and ensuring
that teachers are sensitive to the pastoral culture and
that academic calendars are appropriate to the seasonality of pastoral production. Notable models of success in
nomadic education are found in Iran (CENESTA 2003),
Mongolia (Kratli 2000), Oman (Chatty 1996), and Kenya (UNICEF 2003). Where governments have made
efforts to reach nomads and pastoralists in innovative
ways, school completion rates have improved (Oxfam
2005).

Health services have been provided, as in East Africa,
in areas of settlement within drylands areas, sometimes
as part of an explicit program of settlement. Yet evidence
strongly suggests that there are many health benefits
to the pastoralist way of life, with, for example, lower
levels of malnutrition and lower incidence of childhood
diseases (Fratkin 1998). It is ironic that pastoralists, in
order to benefit from health services, have been encouraged to adopt a way of life that is evidently less healthy.
Success in providing more appropriate human health
services have lagged behind education and veterinary services, although efforts have been made in various countries. In Chad, collaborations between public health and
veterinary services have included joint vaccination coverage, which has allowed human health service providers
to capitalize on the better penetration of veterinarians
(Schelling et al., 2005). More remains to be done, however, in terms of providing human health services and
persuading health ministries that alternative forms of
services delivery are necessary and viable.
There are social consequences associated with improved social service delivery, notably when educated
individuals move out of the pastoral system to find
paid employment, which can lead in some cases to labor shortfalls but which also provides new sources of
income. Economic migration offers opportunities for remittances, reinvestment in the system, and importation
of innovative ideas, all of which have fueled agricultural
transformations in other societies. A recent U.S. Agency
for International Development study estimates that the
aggregate value of remittances from migrant laborers across West Africa amounts to $12 billion annually
(Orozco and Carana Corporation 2006).
Education services may not have penetrated many
pastoral areas, but a number of “ethnic pastoralists”
have gained an education and form what is often termed
a “pastoral elite.” This offers both opportunities and
constraints to pastoralism, with, for example, potential
for greater political connection and higher rates of services delivery, contrasted with a risk of appropriation
of livestock-keepers’ “rights” and resources (MacDonald and Azumi 1993, N’Gethe 1992, Mwangi in press).
With education comes an increasing recognition and
self-awareness of pastoral societies, including a growing
cadre of young pastoral professionals and pastoral associations. Simultaneously, and possibly as a result, there is
increasing global recognition of the rights of pastoralists
and growing attention to human rights–centered development (Ask 2006).
The increase in commoditization of livestock in pastoralist communities is inevitably having an impact on
attitudes within the wider pastoralist society. Increased
exposure to new ideas and practices in urban centers,
increased availability of consumer goods and productive
inputs, and educational opportunities are all influencing

Copyright © 2010 Island Press. Please do not copy or circulate.

302 | Livestock in a Changing Landscape: Drivers, Consequences, and Responses

the aspirations of pastoralists, particularly young people. For example, Ehlers and Kreutzman (2000) found
that many young people from traditional herding societies in Pakistan now consider pastoralism to be outmoded
and see education as an escape route. If the aspiration of
young pastoralists is to gain an education and thereby
avoid becoming herders, there is a risk of a widening
gap between rural pastoralists and the statutory institutions that govern their lives, increasingly run by those
who have left the pastoralist system. Yet, with increasing
access to education, it is possible to nurture a generation of formally educated pastoralists who are able to
make better-informed decisions about the adoption of
new technologies and are better equipped to deal with
markets and other institutions.
Low levels of adult literacy and poor health are
clearly factors in vulnerability (World Bank 2001), but
successful experiences in the delivery of social services
to pastoralists are beginning to influence policy and lead
to greater provision of such basic human rights (Schmidt
2003). This is long overdue, because the long-term underinvestment in service delivery in pastoral areas has
created a situation where pastoralists lag far behind
in terms of literacy and life expectancy. Such failure
can only serve to fuel the undervaluing of pastoralism,
which in turn further discourages investment, creating
a potential vicious circle and encouraging investment in
alternative systems that may be less economically and
environmentally sustainable.

The Future of Sustainable Pastoralism
The trends in pastoral development and the advances
made during the past decade make it possible to envisage a future in which pastoralism retains its integral role
in maintaining rangeland ecosystem health and biodiversity while also exploiting new economic opportunities
and serving the development needs of its practitioners.
Indeed, such outcomes are already apparent in many
industrial countries, including seven of the leading ones
that form the G8.
Despite the social and economic pressures facing pastoral populations in some regions, the sector continues
to be vibrant in many countries, with pastoralists contributing strongly to national economies regardless of
low investment in the sector. Indeed, there is a growing
tendency of governments to protect and invest in pastoralism: a testimony to both the resilience and the logic of
pastoral production systems.
As decision makers and government planners accommodate new understandings of rangeland ecosystems and
pastoralism, they are able to develop more appropriate
policies, yet policy contradictions persist within the same
governments. For example, while Tanzania’s National
Strategy for Growth and Reduction of Poverty (United
Republic of Tanzania 2005a) promotes pastoralism as a

sustainable livelihood and is supported by the Wildlife
Policy, which promotes “diversified and devolved wildlife utilization,” the country’s draft Livestock Policy is
aligned with the Tanzania Development Vision 2025 in
promoting the importation of improved breeds for increasing productivity. And the government maintains
that communal use of rangelands promotes overgrazing
(United Republic of Tanzania 2005b).
Nevertheless, the trends outlined in this chapter allow
a description of good-case scenarios for pastoralism. While
these obviously require modifications in different countries,
the principles should be applicable in most cases.
Commercialization
Pastoralism is itself changing, adapting to market forces
and demographic pressures, as well as being strongly influenced by policies that encourage sedentarization. Many
pastoralist communities are indeed settling, sometimes
devoting labor to small-scale cultivation, even though
the quality and success rate of that cultivation may be
low. In Afghanistan, many mobile pastoral households
have become semimigratory, with a diversification of
household strategies, for example, into off-range labor
and agriculture (de Weijer 2005). Yet, as experiences in
Pakistan show, with appropriate access to national markets, foodstuffs can be imported to pastoralist regions,
and low-quality cultivable drylands can be used to cultivate fodder crops to enhance rather than compete with
livestock production.
The process of commercialization will almost certainly continue, driven by both the growing demand for
livestock goods and the growing demand among pastoralists for nonpastoral goods. The process may be distorted, however, if the policy emphasis remains on meat
and livestock marketing, and policy makers need to
explore opportunities for promoting dairying and fiber
marketing in pastoral areas, as well as commercialization of nonlivestock rangelands goods and services. Such
opportunities need policy support and possibly publicsector investment, for example, in basic infrastructure,
in order to encourage private investment. The process of
commercialization will be enhanced by continued investment in service provision, most notably the provision of
educational, financial, and security services.
Investment
Investment in pastoral areas may be discouraged in some
countries by the absence of reliable data on the value
and logic of pastoralism. Pastoralism has been shown to
contribute significantly to the national economies of a
number of developing countries, yet it appears to receive
disproportionately low public investment, which makes
it that much harder to attract private investment. The nature of pastoralism—its remoteness, mobility, and diversity—presents challenges to gathering the socioeconomic
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data needed to change attitudes, particularly where governments are not predisposed to pastoralism or lack adequate resources for data collection.
Data are now being assembled that can change perceptions of the value of pastoral systems, particularly
when their indirect values are taken into account. This
is already having an impact on policy in countries such
as Kenya, which depends heavily on tourist revenue and
where the lion’s share of tourism is to visit game reserves
in the rangelands. Similar opportunities exist if the latent
value of drylands goods and services is recognized or if
the full range of direct values of pastoralism (including
milk and fiber) are taken into account.
Human Capital and Risk Management
The capacity to withstand climatic shocks is a defining
feature of pastoralism, but pressures on pastoralist systems have undermined the traditional capacities to cope
and have not been balanced by advances that compensate for these losses. The loss of pastoralists’ capacities
to manage risk dynamically has not been adequately
compensated by improved human capital (education or
health), access to financial capital (savings and credit),
or better access to markets and other infrastructure. Pastoralist areas are characterized by disproportionately
low infrastructure and service delivery that are poorly
adapted to their production system.
In recent years, successes have been achieved in
adapting services to the realities of pastoralist areas,
and infrastructure has begun to make inroads. Service
delivery has been pioneered in many cases by nongovernmental organizations and is not always protected in
government policy, but successes in the veterinary sector
in East Africa indicate a way to bring government and
civil society together to provide durable development
solutions. Financial services remain poorly available but
will be encouraged as government and the private sector
come to realize the investment potential in these areas.
This will be further advanced as education comes to be
seen as a way to enhance pastoralism rather than an escape route from the rangelands.
Mobility
Sedentarization can, in some cases, bring the benefits of
improved access to services without undermining pastoralism, as in Iran, where settlement has been shown
to raise access to markets and potentially could reduce
transaction costs through improved communication
(FAO 2004). But sedentarization of the household does
not require sedentarization of the herd, and it can be
beneficial to look at household mobility and livestock
mobility as two distinct issues. Herd mobility remains, in
most rangelands environments, essential for both rangeland ecosystem health and economic viability of the production system.

In some cases, household and herd mobility cannot
easily be dissociated, and household sedentarization may
not be a realistic option if a sizable labor force is needed
to manage the herd, for example, to process fresh milk
on site or to provide security. Technologies that could
overcome these constraints include labor-saving technologies for milk storage and processing in the field and
improved transportation of dairy products from the herd
to the household or market. These technologies are routinely used in European mountain pastoral systems, such
as those found in the Swiss Alps. With appropriate policy
support for the dairy sector, pastoralists in regions such
as sub-Saharan Africa will be able to adapt existing technologies or develop new technologies that allow them to
capitalize on the mainstay of their dairy economy.
Democratization
Pastoralists remain marginalized in many countries, but
the global wave of democratization over the past decade
has raised expectations for greater participation, social
equity, respect for human rights, and better economic
management (Lister 2004). Such democratization also
includes devolution (or decentralization) of decisionmaking authority to lower levels, trends that can help
create institutional spaces for pastoralists to negotiate
for their rights and organizations.
For pastoralists, a key aspect of this groundswell
toward decentralizing governance is the potential to be
mainstreamed into national development and economic
planning. Moreover, the emphasis on local governance
lends momentum to pastoralists’ calls for greater support
in their efforts to manage natural resources in the midst
of socioeconomic change. Pastoralism has an intrinsic
global value, and its practitioners have the right of selfdetermination—to continue to exist and to adapt.

Conclusions
This chapter has deliberately avoided sketching out
worst-case scenarios, but they can easily be imagined.
The loss of pastoralism on any significant scale will lead
to loss of high nature value, or biodiversity, in the rangelands; it will lead to economic loss on a national scale,
impoverishment of drylands communities, and social upheaval; it will represent a loss of culture and knowledge
as well as a serious violation of human rights. Even if
pastoralism survives but continues to be constrained and
undermined, land degradation and biodiversity loss will
continue in the rangelands. Pastoralists will face growing
erosion of their adaptive capacities and will become increasingly susceptible to climatic shocks; their livelihoods
will become less resilient and less reliable; and they will
face growing levels of conflict and suffering.
Yet this chapter has provided evidence that, despite
rapid socioeconomic change and in some cases long-term
underinvestment, pastoralism remains an economically
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viable and adaptive mode of production in extensive
rangelands. Pastoralism is modernizing, but the trajectory of its development is influenced by policies and
incentives that may distort the logic of the production
system. For pastoralism to be viable and sustainable, it
needs to be supported by policies that are consistent with
the logic of the production system, and it may need significant investment—at least as much as is provided for
competing land use options in the rangelands.
In order to enhance extensive livestock production, it is necessary to recognize that pastoralists have
been marginalized and that therefore investment must
be channeled into education and ongoing processes of
decentralization. Policies for rangelands must focus on
building the capacities of pastoralists through appropriate training (e.g., mobile education) and the delivery of
health and finance services as well as infrastructure development. Governments must take the lead in creating
an enabling environment and accountable institutions
that seek not to transform pastoralism but instead to enable pastoralists.
Inappropriate policies and disincentives have contributed to poverty and environmental degradation in
pastoral areas, but these trends can be reversed. Policy
makers must recognize that pastoralism is conducive to
environmental stewardship and that a degraded environment often reflects a breakdown of pastoralism, such as
the loss of mobility, constraints to resource access, or a
weakening of customary management institutions. The
final say in the future of pastoralism has to be given to
pastoralists themselves. Although they are not the only
stakeholders in this debate, they provide the only workable solution to ensuring a sustainable future for the
world’s rangelands.
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Part III

Responses
Responses to Livestock in a Changing Landscape
Henning Steinfeld

This final section provides an overview of various segments of society and how they deal with and respond to
livestock in a changing landscape. Different stakeholders have been responding to each of the six broad issues
identified in Part II (Consequences of Livestock Production). The stakeholders can be grouped into the public
sector, the corporate private sector, consumers, and civil
society. These groups represent different interests, sometimes cooperating and sometimes conflicting, and they
use different instruments in pursuit of their objectives.
The public sector response takes the form of rules
and regulations, incentive frameworks, institutional development, capacity building, research and development,
information, and awareness raising. During the livestock
revolution, the public sector has placed most emphasis
on facilitating sector economic development and paid
considerably less attention to reducing externalities. The
overuse of common pool resources, pollution from livestock waste, and emerging diseases are three issues that
reflect important market failures but do not receive a
vigorous public sector response even in many industrial
countries. The issue of smallholder exclusion, in contrast,
has received attention from the public sector, and a lot of
past and current sector protection is motivated by the
desire to keep farmers on their land and reduce competitive pressure between domestic and external producers.
The main mechanism by which the private sector
responds to changing demand and resource availability
is innovation and adaptation. In fact, most of the production increase has been achieved through productivity
advances thanks to the adoption of advanced technology. The corporate sector obviously has an interest in
expanding demand and is advertising accordingly. The
private sector, however, consists of rather distinctly different subsets of producers—small-scale and large-scale,
subsystems and market-oriented—whose objectives and
strategies are sometimes opposed.
Civil society and consumers at large form an increasingly powerful group of stakeholders, particularly
those in wealthy and middle-income groups. In fact, it
can be argued that the balance of power has progressively shifted from producers to consumers over the last

decades. Issues of concern to civil society and consumers
include human health and rights protection, animal welfare, environmental protection, the protection of local
community identities, and a general unease about large
corporations and their dealings. These issues are particularly pronounced in industrial countries but are in no
way limited to them. Issues taken up by civil society and
consumers often instigate change at the public policy
level, feeding back into the production process.
From the discussion in Part II of the many consequences of the livestock revolution, four major issues
emerge. While acknowledging the many positive contributions of livestock to economic growth and livelihoods,
this chapter pays particular attention to the issues of
concern, where more effective responses will be needed.
First, livestock production—both the modern, intensive
form and the traditional, extensive one—has a large and
varied environmental impact. Where the former is not
well managed, impacts are characterized by pollution of
soil and water from livestock waste as well as the impacts associated with concentrate feed production. In the
areas where extensive systems are under greatest pressure, problems emerge from overuse of resources and
low efficiency of use, in particular of common property
resources such as land and water. Livestock’s impact on
climate change, caused by both intensive and extensive
forms of production, is another important feature. Many
of these resource issues reflect market failures, with individuals not bearing the full costs of their actions, which
requires correction through public policies. These are being developed only slowly, failing to keep up with the
pace of economic development, and it is often through
pressure from the neighborhood and environmental
groups that such action is instigated. Chapter 16 considers the range of responses to these and other environmental issues.
Second, livestock products play a part in both underconsumption and overconsumption and the associated human health consequences. Livestock products
are among the most desired food items in most societies,
and the amount and variety of consumption typically increases with income. With exception of specialized and
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highly livestock-dependent groups like pastoralists, poor
people consume insufficiently low amounts of meat,
milk, and eggs and are often under- or malnourished. In
these situations, some governments have proposed livestock development and increased supply and introduced
such measures as school milk programs. In contrast,
people with medium or high incomes often consume excessive amounts of food, and some livestock products
have been singled out as harmful to human health when
consumed in large quantities. The importance of these
health issues is reflected in private and public standards
setting and in production differentiation. The responses
to these two opposite ends of the consumption spectrum
are addressed in Chapter 17.
Third, human and animal health issues related to
increasing human and animal densities, their close association, growing production intensities, and changing
ecologies are another growing concern. In addition, new
post-pathogen complexes are developing in association
with livestock, and novel diseases in both humans and
animals are emerging. Food safety is of growing concern.
While this seems to give rise to a certain level of general
anxiety, evidenced by consumer reaction in the case of
“food scares,” specific responses on public human and

animal health systems and from producers take time to
evolve and adjust. Chapter 18 looks at current and possible responses to these issues.
Fourth, the limited capacity of smallholders, particularly in developed and emerging economies, to participate
in livestock sector growth has been well documented.
There has been social fallout from the livestock revolution through increasing marginalization of smallholders
in the face of scale economies in monogastric systems
and heightened market barriers stemming from food
safety and quality standards. Indeed, the most common
response of smallholder producers to the livestock revolution in fast-growing economies has been to leave the
sector. Chapter 19 considers this and other responses to
the social issues raised in this volume.
Chapter 20 pulls together the lessons learned to date
in dealing with the environmental, health, and social issues of livestock in today’s changing landscape, noting
that the challenges facing the sector cannot be solved by
isolated interventions. The framework for responses of
these challenges must be a holistic approach that takes
account of the many social, economic, and ecological
settings in the livestock sector and that recognizes the social, health, and environmental consequences of change.

Copyright © 2010 Island Press. Please do not copy or circulate.

16

Responses on Environmental Issues
Henning Steinfeld, Pierre Gerber, and Carolyn Opio

Main Messages
• Livestock’s impact on the environment has been
largely negative, and neither policy nor technology
has caught up with the problem. Technical and policy
options to mitigate livestock’s impact on biodiversity loss
are largely untapped, and options to reduce emissions are
largely unexploited.
• Livestock can be part of successful landscape
management in extensive forms and can contribute
to biodiversity and water management. However, this
role has been largely limited to areas where large herbivores
have been part of the evolution of ecosystems. In Africa and
Latin America, the pressures on land are such that it will take
time and economic incentives to reverse the trends toward
land degradation. In industrial countries, while intensification
brings its share of environmental challenges, it has also freed
up pastureland for reconversion to natural habitats.
• Increasing water efficiency, water productivity, and
prevention of pollution could be greatly improved
through improved production practices and
regulatory frameworks.
• Responses could be improved in several ways,
targeted toward specific livestock systems. In
pastoral systems, improved land use rights reflecting
greater pressures on land, complemented by technical
improvements to improve the productivity of pasture,
could help livestock producers adapt to climate change.
Landowners in fragile environments of dryland areas and
the humid tropics need to be rewarded for conservation
and for providing environmental services in the form of
forest cover, rather than only being paid for productivity.
A shift toward monogastrics, when combined with
correct manure management, can reduce greenhouse
gas emissions from livestock. This may best be done by
reruralizing the periurban market chains, requiring public
investment in infrastructure but bringing the possible

benefits of retaining employment in rural areas. To address
mixed farming systems where cattle are important, research
is needed into suitable technical packages to reduce
methane emissions.
• As awareness and understanding about
environmental issues grow, it is possible to imagine
a Kyoto follow-up agreement that takes account of
the livestock–environment interaction and enhances
the possibility for policies that favor environmentally sound
livestock production and processing.

Introduction
The livestock sector depends on a variety of different
natural resources. Most important, this includes land of
different quality and in different agroecological zones,
mostly in the form of grazing land but also as arable
land for feed production. Land is further characterized
by vegetation and the biodiversity it supports. Water is
another natural resource of critical importance, as extensive livestock production is severely constrained by lack
of water in many places.
As described in earlier chapters on the consequences
of livestock production, livestock affect the global climate, water resources, and biodiversity in major ways.
To recap, expansion of pasture is a chief factor in deforestation in Latin America. The production of concentrate feed claims about one-third of total arable land and
contributes to water pollution and depletion. Pasture use
and the production of feed are associated with land degradation, habitat destruction, and greenhouse gas emissions. Livestock are an important contributor to water
pollution, particularly in areas of high animal densities.
Both extensive and intensive forms of production contribute to environmental degradation but, overall, extensive production tends to have larger environmental
impacts per unit of output.
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Extensive production is practiced by many poor producers who use natural grasslands, crop residues, and
household and other waste as low-cost feed. A large part
of the world’s pastureland is degraded, thereby releasing
greenhouse gases, negatively affecting water cycles, and
affecting vegetation and biodiversity. Pasture expansion
into forests, often conducted by smallholders, has important consequences for climate change and biodiversity. Pastoralists in particular are threatened, as they lose
access to traditional grazing areas and will be especially
affected by climate change. Extensive production is often
based on poorly fed ruminants with low productivity,
emitting significant amounts of methane.
The environmental problems of intensive production are linked to the production of concentrate feed, the
use of fossil fuel, and the disposal of animal waste. Feed
grain production usually requires intensively used arable
land and the use of fertilizer, pesticides, fossil fuel, and
other inputs, affecting the environment in diverse ways.
Since more than two-thirds of the nutrients fed to animals are excreted, animal waste is a leading factor in the
pollution of land and water resources. Animal waste also
emits methane and nitrous oxide, a particularly potent
greenhouse gas.
All these environmental issues related to livestock
have been largely ignored by policy makers.

Land
Part I documented the rapid expansion of pasture areas
in the nineteenth and twentieth centuries and the fact that
for most marginal land areas, pasture area has reached
its maximum expanse. Pasture area continues to expand
into forest area in the humid and subhumid tropics, in
particular in Latin America and to a limited extent in
Africa.
Policies throughout most of second half of the twentieth century attempted to “sedentarize” mobile livestock
production, which was regarded as a backward type of
production and lifestyle. More recently, there is increasing recognition of some of the intrinsic advantages of
pastoralism and a better understanding of their adaptation to ecosystems in “nonequilibrium.” However, as described in Chapter 15, many different factors contribute
to the gradual demise of pastoralism, including the expansion of irrigated agriculture, the de facto privatization of land, and increasing conflicts with other groups
of land users—conflicts pastoralists tend to lose. As a result, pastoralism is in decline in many areas.
Chapter 10 describes the varied environmental
impact on terrestrial ecosystems caused by extensive
livestock systems, including pastoral, ranching, and lowinput mixed farming systems. In many cases, overgrazing,
grazing in unsuitable environments, and deforestation
led to erosion and other forms of land degradation.
Chapter 10 also discusses the establishment of access
rights to grazing resources as a required key institutional

change to reverse the negative environmental impact of
livestock on land. Such a rights-based approach needs
to be complemented by technical improvements such as
reseeding and the introduction of legumes, grazing rotations, and cut-and-carry systems.
In West Asia and North Africa, overgrazing is the
most common cause of range degradation. The total
area of grazing land is reported to decline in all countries
of the region as a result of expansion of crops and desertification. Like elsewhere, land tenure and access rights
are key to sustainable management of rangelands.
In Central Asia, fundamental institutional reforms
have had a profound impact on livestock production systems since 1990. These policy changes were not uniform;
some countries rapidly privatized land, whereas others
kept rangelands and even animals under state property.
As a result, trends in grazing pressure and pasture degradation are varied; the best results have been obtained in
Kazakhstan, where livestock were distributed spatially
and where livestock mobility prevents excessive grazing
pressure.
In Australia, the introduction of extensive grazing systems and their initial success was followed by high stocking rates. Recurrent droughts led to crashes in vegetation
and stocking rates in some places. Here the challenge
lies in devising government policies for land stewardship
that combine productivity and conservation.
The Common Agricultural Policy of the European
Union (EU) has increasingly recognized the role of extensive livestock systems in sustaining environmentally
friendly and sustainable rural development. Grazing
pressures are not particularly high, but abandonment
and the collapse of traditional management practices
have led to vegetation changes, in particular shrub encroachment and spontaneous reforestation. Policies in
the EU focus less on the productive value of these marginal lands and more on landscape management and cultural heritage.

Livestock and Climate Change
The role of livestock in climate change, through affecting carbon and nitrogen cycles, is increasingly acknowledged, but very little is done to address it. (See Chapters
5 and 6.)
Carbon emissions (carbon dioxide and methane)
from livestock production can be reduced in four main
ways. First, pasture and feed crop expansion at the expense of forest can be halted or slowed mainly through
area protection, selective infrastructure development and
appropriate land titling procedures that stem speculation. This is currently facing serious obstacles as favorable prices in combination with insufficient protection
and enforcement continue to lead to widespread deforestation, which particularly in Latin America can be related to expansion of pastures and arable area for feed
crops (especially soybean). The particular problems with
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ongoing deforestation are documented for Brazil, and the
possible solutions to the deforestation issue are described
for Costa Rica in the case study volume (Ibrahim et al.,
2009). The latter shows that there is a prospect that with
growing population densities and crop cultivation intensities the “forest transition” will set in, whereby the most
productive areas continue to be cultivated or grazed, but
previously deforested land that is only marginally suitable for agricultural purposes is turned back to forest.
Second, improved management can maintain vegetation cover and enhance carbon sequestration and
storage; carefully adjusting grazing pressure to climatic
fluctuations, in particular drought events, is especially
important. (See Chapter 5.) Such measures face a series
of obstacles under current regimes. Lowering grazing
pressure may represent a significant loss of revenue in
commercial enterprises. Under communal or open access
grazing this obstacle is compounded in that restoration
benefits do not accrue to the individual, and collective action is required, which is often impeded by institutional
weaknesses. Pasture restoration is costly, particularly in
drylands, and carbon sequestration rates are low. Payment for environmental services schemes (FAO 2007)
may therefore target the conservation of existing carbon
pools, which is more cost-effective than recovering them
after they are lost. (See Chapter 5.)
Third, productivity-enhancing measures can be used
that will reduce the proportion of feed used for maintenance of an animal as opposed to that used for production. This is of particular relevance for animals of low
productivity, which are the majority of ruminants kept
in traditional livestock production systems in developing countries. High-performing animals, making use
of improved genetics, balanced feed and nutrition, and
good animal health and husbandry will all help to reduce
methane emissions per unit of output. Another way to
reduce methane emissions is to switch to monogastric
animals (poultry, pigs) as suppliers of meat rather than
ruminants (bovins, ovines). This trend is already ongoing practically everywhere—not in response to emission
problems but because of the better feed conversion and
therefore lower production costs of monogastrics.
Fourth, there is substantial potential in mitigating
methane emissions through improved manure management and anaerobic digestion to produce biogas, particularly from intensive livestock operations. Balanced
feeding, higher carbon-to-nitrogen ratios in feed, and
certain storage methods are among the measures that
can be adopted at the production stage to lower methane emissions. However, biogas production through anaerobic digestion is the most effective way of reducing
methane emissions from manure, decreasing emissions
by 50–75%. The use of biogas is currently limited by
the still lower price of alternative sources of energy, and
most biogas plants are found in remote areas or where
subisidies are being paid.

As for nitrogen, there are numerous ways to contain
its load to the environment and reduce the release of nitrous oxide into the atmosphere. Along the food chain,
these are the main technical options:
• Increasing the efficiency of nitrogen fertilization
of feed crops on arable land, or on pastures, by
improved application methods and fertilizer forms.
• Balancing feed rations to minimize the amount of
excess nitrogen and the use of enzymes and synthetic
amino acids to enhance nitrogen absorption by the
animal.
• Using anaerobic digestion (e.g., for biogas
production) of animal manure to substantially reduce
nitrous oxide emissions, in addition to methane, as
already discussed.
• Improving manure application methods on fields,
whereby the manure is rapidly incorporated
or injected into the soil, and adjusting manure
applications in time, amounts, and form to crop
physiology and climate.
For grazing animals, nitrous oxide emissions can be limited by avoiding overstocking pastures and preventing
late fall and winter grazing.
Measures such as these will not be applied, however,
if economic conditions and regulatory frameworks are
not supportive of higher nitrogen efficiency. Industrial
countries have established detailed regulatory frameworks to limit nitrogen surpluses on agricultural land,
such as the EU nitrate directive, and important improvements have been made (see, for instance, the example of
Denmark discussed by Mikkelsen et al., 2009). As these
are motivated by concerns over water and soil pollution,
and not by worries over climate change, they are discussed later in this chapter.
While livestock account for an important share of
greenhouse gas emissions in many countries, it is apparent from the country emission reports submitted to
the United Nations Framework Convention on Climate
Change (UNFCCC) (National Reports, UNFCCC) that
mitigation efforts tend to focus on other sectors. This is
probably because of the technical difficulties related to
assessing and certifying emissions from agricultural and
land use, land use change, and forestry (LULUCF) sectors. The Kyoto Protocol included the Clean Development Mechanism (CDM) for creating “certified emissions
reductions” (CERs) that can be traded on the carbon
market. The CDM is a facility for industrial countries
to reduce net carbon emissions by promoting renewable
energy, energy efficiency, or carbon sequestration projects in developing countries, receiving CERs in return.
Its purpose is to help industrial countries (Annex 1)
meet their obligations under the Kyoto Protocol while
promoting sustainable development in developing
countries. For LULUCF projects, only afforestation or
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reforestation initiatives are recognized as being permissible during the Kyoto Protocol’s first commitment period (2008–12).
A critical factor concerning CDM transactions is an
active international market for CERs, which requires
partnerships between several agents: project developers,
investors, independent auditors, national authorities in
host and recipient countries, and the international agencies that are responsible for implementation of the Kyoto
Protocol (Mendis and Openshaw 2004).
Since the protocol’s ratification in February 2005,
a considerable number of projects have been registered.
These are mostly based on predefined methodologies.
Established methodologies in the livestock sector concern only emissions from the recovery of methane (as a
renewable energy source). Scope exists for other types
of projects aimed at mitigation of livestock emissions
through intensification of production. For example, improving rumen fermentation efficiency through the use
of better-quality feed could substantially reduce emissions from the huge Indian dairy sector (Sirohi and
Michaelowa 2004). For this, credit (through, e.g., microfinance institutions), effective marketing, incentives,
and promotional campaigns are required for broad acceptance of related technologies (Sirohi and Michaelowa
2004).
Afforestation or reforestation initiatives are the only
land use change projects that are currently eligible. However, they offer great potential for mitigating livestock’s
footprint on climate change by returning marginal or degraded pastures back to forest. Other potential methods
that could significantly reduce emissions but do not yet
qualify for eligibility include forms of pasture restoration and improvement (such as silvopastoral land use),
reduced grazing, and technical improvements.
The effects of “leakage” may substantially raise the
costs of carbon sequestration (Richards 2004) and undermine the effectiveness of emission reduction schemes.
“Leakage” occurs when the effects of a program or project lead to a countervailing response beyond its boundaries. This problem arises from two basic facts. First,
land can be shifted back and forth between various forestry and agriculture uses. Second, the overall balance
of activities on land will depend on the relative prices in
the agriculture and forestry sectors. This is because individual projects and programs do little to change prices
or the resulting demand for land. For example, if forestland is preserved from harvest and conversion in one
location, the unchanged demand for agricultural land
and forest products could lead to increased forest clearing and conversion in another region. Thus the effects of
the preservation may be partially or entirely undone by
the leakage. Similarly, if agricultural land is converted to
forest stands, the underlying demand for farmland may
simply cause other forested land to be converted back to
agriculture.

The potential for incremental accumulation of organic carbon in soils is huge, and adapting extensive
livestock systems is the key to unlocking this potential.
Technical options to revert pasture degradation and sequester carbon, particularly in the soil, by building up organic matter in the ground exist, and current pastures are
probably the largest terrestrial carbon sink available.
However, the same issues described for afforestation
or reforestation activities also apply here: “leakage,” the
pursuit of multiple goals, sustained government commitment, and so forth. The benefits accrue over a period
of decades; in many cases, peak carbon uptake rates occur only after 20–40 years. Landowners who make these
investments will no doubt want to know whether the
government will still be rewarding carbon sequestration
long into the future when their activities come to fruition.
Government needs to be able to make credible commitments to provide stable incentives over long periods.
While currently not eligible under the CDM, a most
serious effort needs to be made to allow for certified
emissions reductions from rehabilitation of degraded
land and sustainable management of existing forest, be it
under the CDM or in a different framework.
In the context of poorer developing countries, smallholders are a key group in achieving both the necessary
scale and developmental as well as environmental goals.
In the absence of policy interventions and external financial support, smallholders use improved management
practices at individually optimal levels but at socially
suboptimal levels. On the basis of case studies, FAO
(2004a) concludes that substantial funds from development organizations or carbon investors will be needed if
soil carbon sequestration projects in dryland small-scale
farming systems are to become a reality.
In addition to these purely economic calculations,
there is an ethical concern. Expecting local smallholders
to adopt management practices at socially and globally
optimal levels implies that they subsidize the rest of society in their respective countries as well as global society. If sustainable agriculture, environmental restoration,
and poverty alleviation are to be targeted simultaneously
on a large scale and over a longer period, then a more
flexible and adaptive management and policy approach
is needed. It should generate possibilities to strengthen
farmers’ own strategies for dealing with uncertainty
while providing the necessary incentives.
Just as the livestock sector has large and multiple impacts on both C and N cycles, so are there multiple and
effective options for mitigation. Although little is done,
much can be done, but it requires a strong involvement
of public policy. Most of the options are not cost neutral,
and simply enhancing awareness will not lead to widespread adoption. Most mitigation options require the introduction of carbon constraints or equivalents, either in
the form of cap-and-trade systems, such as those used in
the EU, or taxation of emissions.
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For carbon, the environmental focus needs therefore
to be on addressing issues of land use change and land
degradation. Here the livestock sector offers significant
potential for C sequestration, particularly in the form of
improved pastures.
In addressing land use change, the challenge lies in
slowing and eventually halting and reversing deforestation. Vlek et al. (2004) consider that the only available
option to free up the land necessary for C sequestration
would be intensification of agricultural production on
some of the better lands—for example, by increased fertilizer inputs. They demonstrate that the increased CO2
emissions related to the extra fertilizer production would
be far outweighed by the sequestered or avoided emissions of organic C related to deforestation. Apart from
improved fertilizer use, other options for intensification
include the use of higher-yielding, better-adapted varieties and improved land and water management.
A huge potential exists for net sequestration of C in
cultivated soils. The C sink capacity of the world’s agricultural and degraded soils is 50% to 66% of the historic carbon loss from soils of 42 to 78 gigatonnes (Lal
2004). There are proven new practices that can improve
soil quality and raise soil organic C levels (e.g., conservation tillage and organic farming), which achieve yields
comparable to conventional intensive systems.
Improved grassland management is another major
area where soil C losses can be reversed, leading to net
sequestration, through the use of trees, improved pasture species, fertilization, and other measures. Because
pasture is the largest anthropogenic land use, improved
pasture management could potentially sequester more C
than any other terrestrial sink (IPCC 2000).
In the humid tropics, silvopastoral systems are one
approach to C sequestration and pasture improvement,
as shown by the Global Environment Facility and LEAD–
sponsored Central American Silvo-pastoral Project (Pagiola et al., 2004). In dryland pastures, some aspects of
dryland soils may help in C sequestration. Dry soils are
less likely to lose C than wet soils, as lack of water limits soil mineralization and therefore the flux of C to the
atmosphere. Consequently, the residence time of carbon
in dryland soils is sometimes even longer than in forest
soils. Although the rate at which C can be sequestered in
these regions is low, it may be cost-effective, particularly
taking into account all the side benefits for soil improvement and restoration (FAO 2004a).
The most efficient approach for reducing methane
emissions from livestock is by improving the productivity and efficiency of livestock production through better
nutrition, genetics, animal health, and general husbandry
practices. Greater efficiency means that a larger portion
of the energy in the animals’ feed is directed toward the
creation of useful products, so that CH4 emissions per
unit product are reduced. The trends toward high-performing animals and toward monogastrics and poultry,

in particular, are valuable in this context because they
reduce CH4 per unit of product.
A number of technologies exist to reduce CH4 release
from enteric fermentation. The basic principle is to increase the digestibility of feedstuff, either by modifying
feed or by manipulating the digestive process. Examples
of improvements in fibrous diets are the use of feed additives or supplements and the increased level of starch or
rapidly fermentable carbohydrates in the diet (so as to reduce excess hydrogen and subsequent CH4 formation).
More advanced technologies that are being studied
include reduction of hydrogen production by stimulating acetogenic bacteria, defaunation (eliminating certain
protozoa from the rumen), and vaccination (to reduce
methanogens).
CH4 emissions from anaerobic manure management
can be readily reduced with existing technologies. Such
emissions originate from intensive mixed and industrial
systems that usually have the capacity to invest in such
technologies. A first obvious option to consider is balanced feeding (increased C to N ratios). Additional measures include anaerobic digestion (producing biogas as
an extra benefit), flaring/burning (chemical oxidation,
burning), special biofilters (biological oxidation) (Melse
and van der Werf 2005, Monteny et al., 2006), composting, and aerobic treatment. It is assumed that biogas can
achieve a 50% reduction in emissions in cool climates,
and higher in warmer climates, for manures that otherwise would be stored as liquid slurry.
An important nitrogen loss mitigation pathway lies
in raising low animal N assimilation efficiency through
more balanced feeding by optimizing proteins or amino
acids to match the exact requirements. Improved feeding
practices also include phased feeding and improving the
feed conversion ratio through tailoring feed to physiological requirements. But even with these measures, manure still contains large quantities of nitrogen. The use
of an enclosed tank can nearly eliminate N loss during
storage and offers an important synergy with respect to
mitigating CH4 emissions and production of biogas; N2O
emissions from the subsequent spread of digested slurry
can also be reduced.
The key to reducing N loss resulting from the application/deposition of manure is the fine-tuning of waste
application to land with regard to environmental conditions, including timing as well as amounts and form of
application in response to crop physiology and climate.
Another technological option is the use of nitrification
inhibitors that can be added to urea or ammonium compounds (Monteny et al., 2006). Some of these substances
can potentially be used on pastures, where they act upon
urinary N, an approach being adopted in New Zealand
(Di and Cameron 2003).
In conclusion, livestock play an important role in
both the C and N cycles. The contribution to the C cycle
mainly stems from livestock’s land use and role in land
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use change, in particular deforestation and pasture degradation. Livestock’s role in the N cycle is mainly determined by their demand for concentrate feed and by
livestock waste storage and disposal. As the scope for
pasture expansion and intensification is limited, extensive livestock production is stagnating, but industrial
livestock is growing rapidly. Subsequently, there is an
ongoing shift toward a growing role of livestock in the
N cycle and a stagnating or declining role in the C cycle,
albeit from a very high level.
While important steps have been made in the recent past, the impact of livestock production on climate change is still not well understood. More detailed
analysis is required to shape policies that can effectively
mitigate environmental impact at every relevant step of
the various commodity chains and help adapt to climate
change. Research and development institutions need to
generate substantial additional knowledge, enhance professional and institutional capacity, increase awareness,
and develop, test, and replicate novel approaches.
Given the vast area livestock occupy and the strong
growth and structural changes the sector is undergoing,
animal agriculture offers great potential for high return
investments that can simultaneously achieve substantial
environmental benefits. In intensive systems, recovery of
energy and nutrients from industrial livestock production yields environmental gains while increasing financial returns to producers, once economic distortions
and information bottlenecks are removed. On the other
hand, extensive grazing systems offer the opportunity
to increase the provision of environmental services over
vast areas (e.g., carbon sequestration, water, biodiversity
conservation) while diversifying income of poor holders
through payment schemes.
The areas with high potential returns include the
following:
• Addressing pastoral systems in dryland areas,
including the adaptation to climate change, and
income diversification through the provision
of environmental services, in particular carbon
sequestration in arid rangelands, with specific
attention to drought management. Given the large
potential of certain grasslands to sequester carbon,
such payments for environmental services (PES)
could be important supplements for pastoralists and
other users/managers of extensive grasslands.
• Addressing grazing systems in the humid tropics with
a focus on mitigation and especially on the reduction
of livestock’s contribution to the deforestation
and land degradation process. This would need
to include the assessment and certification of the
carbon sequestration capacity of grazing land under
different forms of management and the reduction
of methane emissions from enteric fermentation
through different approaches, such as improved

diets, feed additives, and increased intensification of
the production.
• Addressing mixed systems in sub-Saharan Africa
and South Asia with a focus on reducing methane
emissions from dairy cows in low productivity
production. This would include an assessment of
methane emissions from enteric fermentation in
different dairy production systems and the use of
suitable technical packages for intensification and
productivity growth while significantly reducing
methane emissions per liter of milk produced.
Through relatively simple measures, methane
emissions per liter of milk can be cut by half in
traditional dairy systems. An important component
would be the development of suitable institutional
arrangements—in particular, carbon trading
schemes and CDM—to provide a changed incentive
framework.
• Addressing intensive monogastric production
worldwide with a direct focus on recovery and
recycling of energy and nutrients. Obliging largescale commercial producers to adhere to stringent
environmental regulations has created a more level
playing field where different types of producers
compete. Furthermore, pushing industrial producers
into rural areas has the advantage of creating
economic stimuli and will lead to income and
employment in forward and backward linkages. In
addition, it will improve the periurban environment,
where many poor people currently live.
• Promotion of knowledge exchange, raising
awareness, and transferring technology, particularly
in the areas of rehabilitation of degraded grazing
land for poverty reduction and the provision of
global and local environmental services (carbon
sequestration, biodiversity protection, water);
reduction of methane emissions from extensive
ruminant production and supporting CDM-like
mechanisms; and recovery and recycling of energy
and nutrients from industrial livestock production in
developing countries.

Biodiversity
Chapter 8 details the impacts that intensive and extensive forms of livestock production have on biodiversity.
The impacts are mostly negative and include biodiversity loss from forests as pasture and feed croplands
expand; emissions of greenhouse gases contributing to
climate change, which then affects biodiversity; diseases
spreading to wildlife from livestock; simplified landscape
through intensification; water pollution by nutrients,
drugs, and sediments affecting aquatic biodiversity; competition between introduced plant and native species;
and overfishing to provide fishmeal for livestock. Positive
impacts also exist, but they are limited to where moderately grazed pastures result in increased species diversity.
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The indirect impacts by way of land use change, climate
change, and pollution tend to be larger than direct ones
by way of trampling, grazing, and excretion. Chapter 8
calls for a more integrated assessment of total impacts
of livestock on biodiversity, making use of tools like life
cycle analysis.
The value of the vast majority of animal genetic resources is poorly understood. Livestock output growth in
the past century has concentrated on a very small number of breeds worldwide, frequently without due consideration to the local production environment. Exclusive
reliance on just a few livestock breeds may carry a risk
to global food systems in that the associated erosion of
existing diversity may deprive humankind of certain options that may be required in the future, in particular to
cope with unforeseen events, such as rapid climate change
or changing disease patterns. Extensive smallholder production systems harbor broad genetic diversity, due to
century-long exposure to different production environments. Certain genetic traits that these animals possess
may be required to sustain intensive production to cope
with possible future environmental and disease shocks.
Yet the response of stakeholders to livestock’s impacts
on biodiversity is problematical because the effects often
occur far away from consumers and are invisible to them
(Deutsch and Folke 2005).
As with other environmental impacts, technical options that would lessen livestock’s impact on biodiversity
are often available and have significant potential. While
sustainable intensification is key to reducing the overall
resource requirements of livestock and feed production,
related practices could improve biodiversity through a
range of measures, including the following:
• Maintaining diversity on farming landscapes by
allowing nonagricultural vegetation patches
• Adopting low tillage and conservation agriculture
approaches
• Effective pollution control in livestock production
• Appropriate rotational grazing practices, avoiding
overgrazing
• Conservation of biodiversity-rich areas like wetlands
and riparian corridors.
As noted in Chapter 8, several novel approaches have
led to higher compatibility of biodiversity and grazing
livestock. These include schemes of payment for environmental services, conservation easements, local conservancies, and public–private partnerships. These provide
an incentive and regulatory framework that lessens
livestock’s impact on biodiversity. Certification and the
labeling of livestock products are alternative or complementary strategies.
While biodiversity loss is accelerating, the societal
response to the problem has been slow and inadequate.
This is caused by a general lack of awareness of the role

of biodiversity and the failure of markets to reflect its
value and its character as a public good (Loreau and
Oteng-Yeboah 2006). It has been suggested that an intergovernmental mechanism akin to the Intergovernmental Panel on Climate Change should be established
to link the scientific community to policy making, since
the Convention on Biological Diversity is not in a position to mobilize scientific expertise to inform governments (Loreau and Oteng-Yeboah 2006).
The area of biodiversity is intrinsically more complex than other environmental concerns, and it is probably here that the gap between science and policy is
largest. However, the scientific understanding of biodiversity and its functions has greatly improved in recent
years, which is reflected in increased attention from
policy makers. The scope of biodiversity conservation
has been broadened to include protected areas and increased protection outside the designated areas based
on the fact that whole ecosystems and their services often cannot be conserved by focusing on protected areas
alone. New ways of financing biodiversity conservation
are being explored to find alternative sources of funding. These include grants or payments from the private
sector, conservation trust funds, resource extraction
fees, user fees, and debt-for-nature swaps at the governmental level.
A novel mechanism for conservation of biodiversity
is the payment for environmental services approach.
PES is based on the principle that biodiversity provides
a number of economically significant services. Payments
need to be made to those who protect biodiversity to
ensure the continued provision of these services. Access
charges and entrance fees to protected areas are also a
form of payment for environmental services—in this
case, conservation of biodiversity. They are not new, but
recent schemes allow revenues to be used outside the
protected areas and also to be returned to local communities to provide incentives for biodiversity conservation
(Le Quesne and McNally 2004).
A major challenge for new conservation approaches
lies in the fact that in most countries endangered species are considered a public good, while their habitats
are often on private land. As a private commodity, land
can be transformed and traded. Biodiversity conservation can take place on private land but this relies on the
owner’s willingness and the land’s opportunity cost. The
opportunity cost of biodiversity conservation is difficult
to estimate, since the value of biodiversity depends on
biological resources and ecosystem services.
Biological resources are not fully identified (the total
number of species on Earth is still unknown), and information on population numbers and risk status is still
missing. However, some progress has been made in the
valuation of ecosystem services. According to Boyd et al.
(1999) the cost of conserving habitat should be valued
as the difference between the value of land in its highest
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and best private use and its value when used in ways
compatible with conservation.
To deal with the issue of ownership, new approaches
have been tried with relatively good success (Boyd et al.,
1999). Although most of these innovative approaches
have been tried in forestry and at the community level,
they can also be applied to livestock production.
• The purchase of full property interests involves the
transfer of land from an owner who might develop
the land to a conservator who will not. In order
to purchase the property, the conservator must at
least be able to pay the property owner the value of
the land in private ownership. This value is the net
present value of the land in whatever future use may
be made of it, which is its opportunity cost.
• Conservation easements are a contractual agreement
between a landowner and a conservator. In exchange
for payment (or as a donation that can be tax
deductible), landowners agree to extinguish their
rights to future land development. This agreement is
monitored and enforced by the conservator, which
may be a private conservation organization or
governmental entity.
• Another way to keep land out of development is for
the government to give tax credits or other subsidies
equal to the difference in value between developed
and undeveloped uses. For instance, if developed
land earns $100 more per acre than it does in lowintensity farming, a tax credit of $100 per acre
compensates the property owner for not developing
the land. The subsidy is a cost borne by taxpayers.
• Tradable development rights imply a restriction on
the amount of land that can be developed in a given
area. Suppose, for instance, that the government
seeks to restrict development by 50% in an area. It
can do so by awarding individual landowners the
right to develop only 50% of their acreage. These
development rights can then be traded. Tradable
development rights impose costs on the landowners
who have their development rights restricted. The
aggregate opportunity cost is, as always, the value
of development that is foregone in order to achieve
the conservation goal. Though rights will be traded,
the initial restriction of development opportunities
imposes a cost on landowners.
Livestock production is often structured along the urban
to rural gradient, with industrial production systems in
the periurban areas, feed crops and mixed farming in rural areas, and extensive systems in the interface with wild
habitats. This distribution, common in most countries,
often places ruminant production in direct confrontation
with wildlife and habitats.
In industrial countries this interface is characterized
mostly by wealthy or resource-rich farmers operating

under legislation for environmental protection, which
is mostly enforced. In developing countries, however,
the interface is characterized by a wide range of actors,
stretching from resource-rich farmers to subsistence livestock holdings and herders. Even where legislation for
environmental protection exists, it is often poorly enforced, if at all. It is not surprising, then, that the major impact of livestock production is on habitat change.
Land use changes modify habitats extensively and are an
important driver of biodiversity losses.
The current state of thinking prefers landscapefocused conservation over site-focused conservation,
particularly as an option to retain biodiversity in humandominated landscapes (Tabarelli and Gascon 2005).
Based on biodiversity conservation in corridors, the fundamental nature of landscape-focused conservation is to
engage both conservation needs and economic development by finding mutually beneficial interventions that
might not necessarily occur within the buffer zones of
protected areas. This might include new protected areas
to safeguard watersheds, landscape management that
adds value to tourism, and the use of tradable development rights and easements to promote development
compatible with the movement of species between protected areas (Sanderson et al., 2003).
The integration of livestock production into landscape management poses many challenges for all policy
and decision makers and requires a truly holistic approach. The major challenges from the conservation
point of view would be as follows:
• To maintain the resilience of the ecosystem by
predicting, monitoring, and managing gradually
changing variables affecting resilience such as land
use, nutrient stocks, soil properties, and biomass
of long-term persistent species (including livestock)
rather than merely controlling fluctuations (Sheffer
et al., 2001).
• To sustain the functionality of the ecosystem and
its capacity to sustain the processes required for
maintaining itself, developing, and responding
dynamically to constantly occurring environmental
changes (Ibisch et al., 2005). This includes the
capacity of the ecosystem to provide environmental
services.
• To foster conservation efforts for taxa or species
outside the protected areas and to include forms of
livestock development (land use and management
practices) that are compatible with the requirements
of such taxa or species.
To fully integrate livestock into landscape management,
it is necessary to recognize the multiple functions of
livestock at the landscape level. Apart from production
objectives, livestock production can have environmental
objectives (carbon sequestration, watershed protection)
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and social and cultural objectives (recreation, aesthetics,
and natural heritage) that should also be recognized in
order to achieve sustainable production. Livestock production has been proposed as a landscape management
tool mostly for natural pasture habitats (Bernués et al.,
2005, Gibon 2005, Hadjigeorgiou et al., 2005), as it can
constitute a cost-effective instrument to modulate the dynamics of vegetation to maintain landscapes in protected
areas and to prevent forest fires (Bernués et al., 2005).
For an effective integration of livestock production
into landscape management, radical changes should
take place in management practices and land uses at the
farm level. Recent research is focusing on new practices
in managing grasslands in order to address the relationships between grassland production and nonproduction
functions. Research topics include the following:

would be accompanied by payments for environmental
services (biodiversity protection, carbon sequestration,
and water quality) and a rationing system for common
property resources (e.g., grazing fees).
Policies are needed to guide the current opportunistic process of livestock development at the landscape
level for preservation of biodiversity. One main issue for
the formulation of policies is that at the landscape level,
property boundaries do not correspond with ecological
boundaries. The number of landowners and the mixed
set of ownership types (public and private) ensure that
individual owners’ decisions have an effect on the decisions of neighboring landowners (Perrings and TouzaMontero 2004). Enforcement, auditing, and monitoring
mechanisms and decision support tools should be embedded into the policy framework.

• How management affects short- and long-term
changes in grassland species composition and
production—aiming to discover the impact of
reduced fertilizer application on animal nutrition and
N balance and/or the possibility of sustaining speciesrich vegetation.
• The role of pasture vegetation, management
practices, and grazing behavior on natural vegetation
and faunal diversity, in both marginal and intensive
livestock production areas, in relation to biodiversity
conservation.
• The spatial organization and dynamics of plant–
animal grazing interactions at a variety of scales—
with a view to optimizing the management of grazed
landscapes so as to balance diversity, heterogeneity,
and agricultural performance.
• The production and feeding value of species-rich
grasslands—with a view to their integration in
livestock production (Gibon 2005).

Water
Chapters 7 and 9 assess the large and complex interactions of both extensive and intensive livestock production with hydrological cycles, affecting both quality and
availability of water. Water required for plant growth
for animal feed in the form of roughage or pasture and
concentrate feed has been identified as the dominant
freshwater resource challenge in the livestock sector. At
the same time, water pollution from intensive production units, particularly where their density exceeds the
absorptive capacity of the surrounding land, has been
identified as a main environmental pressure, with implications for human health.
Chapter 7 points out that feed production affects
water flows by way of blue water withdrawal, land cover
change, and altered water partitioning and suggests an
analytical framework for assessing the effects of hydrological changes due to livestock production. The authors
reckon that livestock’s total share of global hydrological
flows amounts to 10%. In their assessment, they highlight the need to expand the blue water focus toward
integrated water resource management that incorporates
green water and land use.
Chapter 9, focusing on impacts of rapidly growing intensive livestock production systems, identifies pollution
and eutrophication of surface waters, groundwater, and
coastal marine ecosystems. Such pollution not only involves major nutrient overloading, such as with nitrogen
and phosphorus, but also gaseous emissions and heavy
metal accumulation, all affecting human health and biodiversity as well as contributing to climate change.
Responses to these issues have been scarce and are
largely limited to addressing the water pollution problem in industrial countries and, to a more limited extent,
emerging economies. Improving water use efficiency is a
critical objective as water resources become scarcer. The
fundamental role of prices is to help allocate resources
among competing uses, users, and time periods (Ward
and Michelsen 2002) and to encourage efficient use by

However, the most important topic in relation to biodiversity conservation will be the issue of intensification
because of its effect on habitat change. Intensification
and extensification will need to be managed at the landscape level according to socioeconomic and environmental conditions. The optimal approach will probably be a
mixture of intensification on land area, extensive grazing, and setting aside land for conservation structured
along the gradient: farm–communal area–buffer zone–
protected area.
The driving factors that should be addressed at the
landscape level are degradation and shrinkage of common land, high livestock densities, lack of common
property management, and inequity in the distribution
of watershed benefits. Intensification of livestock production can contribute to biodiversity conservation at
the watershed level. This would include pasture development; multipurpose trees for fodder, fuel, or timber; and
improvement of the genetic capacity of local breeds. It
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users. In practice, water for agriculture is in many cases
provided free (representing a 100% subsidy). Even in
countries where pricing systems have been instituted,
water remains greatly underpriced (Norton 2003). In
setting water prices, effluent charges, and incentives for
pollution control, it is important to estimate the full cost
of water used in a particular sector. Prices should signal the true scarcity to users of water and the cost of
providing the service; they should provide incentives for
more efficient water use and provide service providers
and investors with information on the real demand for
any needed extension of water services.
Through measures such as pollution charges and water pricing to encourage conservation and improved efficiency, pricing can serve as a means to ensure that actors
internalize the environmental externalities that may arise
from agricultural activities (Small and Carruthers 1991,
Johansson 2000, Bosworth et al., 2002). Adequate pricing can significantly reduce water withdrawals and consumption by agriculture, industry, and households.
The fact that operation and maintenance costs are
not recovered, or not fully recovered, amounts to a
subsidy for the crop and livestock sectors. Countries’
experiences with cost recovery have been mixed. In a
comparative study of 22 countries (Dinar and Subramanian 1997), irrigation operation and maintenance cost
recovery in developing countries were found to range
from a low of 20–30% in India and Pakistan (where the
state remains heavily involved in the operation of irrigation systems) to a high of about 75% in Madagascar
(where the role of the government is much reduced in
favor of water users’ associations who have been given
responsibility for managing the irrigation systems). In
members of the Organization for Economic Cooperation and Development (OECD), the recovery of costs is
much higher, with the majority of countries obtaining
full cost recovery for operation and maintenance cost.
Countries like Australia, France, Japan, Spain, and the
Netherlands also recover full supply costs from users
(OECD 1999). In the United States, state laws limit the
charges that irrigation districts can impose on farmers
to no more than their cost. Consequently, water prices
are set to cover only the costs of delivery and maintenance (Wahl 1997).
Subsidies can take several forms, including the public provision of water for agriculture at no or low prices
and subsidization of irrigation equipment or of energy
for pumping groundwater. The removal of these subsidies is of prime importance in order to encourage efficient water use.
With water pollution, the establishment of water
quality standards and control measures is central. While
the use of uniform standards may simplify enforcement,
smaller farms or enterprises may be unable to afford the
cost of meeting the regulatory requirements or the waste

treatment and relocation costs (FAO 1999). Hence standards can be defined locally or regionally, taking into
account environmental and economic viewpoints, as the
marginal costs for technical adjustments may vary.
Regulatory mechanisms to control pollution can
take a variety of forms:
• Definition of minimum discharge and application
standards in order to reduce emissions and effluents
to acceptable levels.
• Specification of equipment to be used (effluent
treatment) to meet the minimum standards.
• Issuance of permits for the discharge of pollutants,
which can also be traded. Tradable permits rely
on payment per unit of pollution or the use of
credits for reducing pollution. In that case market
mechanisms are used to allocate pollution rights
once an acceptable overall level of pollution has been
established.
• Specification of maximum industrial activity. For
example, in livestock production systems limits may
be placed on the number of livestock per hectare
(FAO 1999).
A set of criteria is used to monitor the impacts of livestock production systems on water quality and to set
water quality standards for specific water bodies. Parameters to be monitored to evaluate the impacts of livestock
production systems include sediment level; presence of
nutrients (nitrogen, phosphorus and organic carbons);
water temperature; dissolved oxygen level; pH level; pesticide levels; presence of heavy metals and drug residues;
and levels of biological contaminants. The close monitoring of these parameters is a key element in evaluating
compliance of production systems with defined standards and codes of practices. The European Commission
proposes EU-wide emission controls and environmental
quality standards for the substances and measures, its
objective being the ultimate cessation, within 20 years,
of emission of substances identified as hazardous (Kallis
and Butler 2001). Monitoring is costly and may represent a financial burden, especially in countries with limited monitoring capacities.
With regard to pollution from intensive livestock
production, Chapter 9 points out that most of the nutrients contained in animal waste are indeed wasted, as
only a fraction is recycled for crop production, causing great environmental pressures, particularly where
production units are geographically concentrated. The
chapter also provides different options that have different pollution abatement potential and different costs.
“Industrial production parks” with high-tech manure
processing, already practiced in some places like the
Netherlands and China, may solve most environmental
issues but are knowledge- and capital-intensive. Spatial

Copyright © 2010 Island Press. Please do not copy or circulate.

Responses on Environmental Issues | 321

zoning and related licensing, manure application regulation, or manure quota schemes are well suited to increase the rate of nutrient recycling through cropping
but are demanding in institutional capacity. Most European countries and other OECD countries have adopted
such policies. Emerging countries, particularly those in
East Asia but also in Latin America, have yet to develop
related schemes and are currently faced with unparalleled livestock densities and pollution in some locations, particularly close to consumption centers and feed
markets.
Practices that pollute water resources are taxed in
some places. In Belgium, for example, wastewater from
livestock production is either assimilated into domestic
wastewater and taxed as such or spread over agricultural
land, where it is subject to a special industrial tax (OECD
1999). The EU water policy framework includes a principle of “no direct discharge” to ground water (Kallis
and Butler 2001). The EU Nitrates Directive is a good
example of regulation for nonpoint source pollution.
Nonpoint source pollution is less easy to regulate.
Codes of environmental practices and their enforcement
are key elements in ensuring that agricultural activities
that generate nonpoint source pollution would need
prior authorization or registration based on binding
rules (Kallis and Butler 2001).
Extraction levels of groundwater resources are often
regulated, especially in industrial countries. Abstraction charges, particularly within OECD countries, aim
to control overexploitation of groundwater resources.
Countries where such charges are applied include Belgium, Bulgaria, Hungary, the Netherlands (Roth 2001),
and Jordan (Chohin-Kuper et al., 2003).
Practices that lead to the provision of environmental
services, such as improved water quantity and quality,
can be encouraged through payments to the providers. In
a watershed context, upstream actors can be considered
service providers if their actions result in improved water
quality or quantity, for which they are compensated by
downstream users. PES schemes require a market where
the beneficiaries of these services (downstream water users) buy them from upstream providers. Obviously, this
needs to be based on established cause–effect relations
between the upstream land use and the downstream water resource conditions (FAO 2004b).
PES schemes related to water services are usually of
local importance at the watershed level, with users and
providers geographically close to each other. This facilitates their implementation, compared with other types
of environmental services with more remote or abstract
linkages such as carbon sequestration or biodiversity
protection, because of reduced transaction costs and
easy information flow among the economic agents (FAO
2004b). Concluding remarks and lessons learned are
made in Chapter 20.
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Responses on Human Nutrition Issues
Carolyn Opio and Henning Steinfeld

Main Messages
• Food insecurity is a major problem in low-income
countries, and targeted interventions need to
separately address emergency situations and
livestock sector development. Livestock products
provide high-value protein and other nutrients in emergency
situations, and livestock remain a support to livelihoods in
many food-insecure situations in developing countries.
• Livestock products or the absence of them play a
major role in the double burden of undernutrition
and overnutrition in emerging economies. Targeted
nutrition programs can help alleviate the underprovision of
protein and other nutrients through, for example, school
milk programs and supplementary feeding programs.
Much more effort is required to raise awareness and inform
the emerging middle class in developing countries about
healthy nutrition to counter the emerging food culture that
can lead to obesity.
• Overweight and obesity, and related
noncommunicable diseases, are an increasing
problem in industrial countries. These need to
be addressed through awareness and educational
programs and, if appropriate, be supported through price
disincentives.
• Food safety is generally becoming a shared concern
in all countries in response to increasing foodborne
illnesses and food scares (both perceived and real).
Livestock and livestock products are of particular concern
because of the perishable nature of many products, the
potential for disease and parasites to spread from animals
to humans, and the impact of animal products on human
nutrition. Low-income countries are faced with trade-offs
between food security and food safety issues—and food
safety is often compromised in an effort to meet basic
daily food requirements. In industrial countries, consumer

concerns are driving regulatory changes orientated toward
addressing food safety across the entire food chain,
emphasizing shared responsibility between government,
industry, and consumers.

Introduction
Contrary to popular perception, human malnutrition is
not only a consequence of inadequate food. Poor diet
quality and poor eating habits are increasingly the main
causes of malnutrition around the world. Diets can be
poor in terms of what they do not contain—minerals and
vitamins, for example, or sufficient fruits and vegetables
or animal products. They may also be substandard in
the sense that they contain too many elements that are
harmful when taken in excess, such as saturated fats and
sugar (IFPRI 2004a).
Nutrition has generally over the last decades improved in most regions of the developing world. FAO
estimates for 2003–05 showed that all four developing
regions were making progress in reducing the prevalence
of hunger. With the recent upsurge in food prices, however, progress has been reversed in all regions, resulting
in increased hunger prevalence for the entire developing
world (FAO 2008).
The face of malnutrition varies between countries
and regions. In some areas it is characterized by undernutrition and in others by overnutrition. And in an
increasing number of countries it is characterized by
both—commonly known as the double burden of malnutrition. The coexistence of underweight and overweight
in close proximity is common in countries experiencing
rapid changes in diet.
Livestock products are important sources of nutrients. They benefit infants and children, promoting
steady growth in the early years of life. Animal products
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also improve the dietary availability of micronutrients in
general. Eating meat, for instance, provides many valuable nutrients, such as bioavailable iron and vitamins,
not found in plant foods (WHO 2003a; Chapter 12).
However, these benefits begin to decline rapidly as intake levels rise above a certain threshold. As noted in
Chapter 12, increased consumption of red meats tends
to increase the risk of colon cancer, while increased intake of saturated fats and cholesterol from meat, dairy
products, and eggs increases the risk of suffering from
chronic noncommunicable diseases such as cardiovascular diseases (SCN 2005).
Food safety is another important dimension of health.
Consumers are increasingly concerned about issues such
as the microbiological and chemical safety of foods,
emerging zoonotic diseases and prions, new processing
techniques, and the application of biotechnology in relation to the use of genetically modified foods in the human food chain. Food safety is receiving more attention
due to several global trends that affect the food system:
increasing movement of people, animals, and products
across borders, rapid urbanization, changes in production processes, and the emergence of new pathogens.
Concurrently, the chain of responsibility has become
longer and more complex as have the food supply chains
to deliver the products to the consumers. Although food
safety issues affect all countries, they vary in nature and
scale according to the level of economic development.
Over the past few years, several high-profile food
safety issues have been linked with livestock products.
The bovine spongiform encephalopathy (BSE) crisis, outbreaks of salmonella and E. coli O157: H7, and dioxin
contamination of animal feedstuffs in Europe as well as
the avian influenza crisis in Asia have heightened public
concerns over the safety of foods of animal origin. The
recent food scares such as the melamine-contaminated
milk crisis in China are an indication of the potential
foodborne risks and the systemic weaknesses of the
global food system.
This chapter highlights how stakeholders have responded to these various challenges of nutrition. It also
addresses questions such as why nutritional problems
continue to persist and why little progress has been made
in addressing the issues despite the various efforts made
at several levels of intervention. The chapter concludes
with specific options for dealing with these issues.

Undernutrition and Food Insecurity
Over the last four decades, global agricultural productivity has risen sharply, with food supply improving significantly to meet the food requirements of the world’s
population. Yet despite the abundance of food, the absolute numbers of hungry people have increased, the vast
majority of whom live in developing countries. FAO estimated the number of undernourished people worldwide
at 923 million in 2007. And FAO estimates that recent

rising prices have driven an additional 41 million people
in Asia and 24 million in sub-Saharan Africa below the
hunger threshold (FAO 2008). Furthermore, the global
toll of people affected by micronutrient deficiencies, often also referred to as “hidden hunger,” is estimated to
exceed 2 billion.
Progress and gains in reducing food insecurity and
undernutrition have not been even across geographic
regions and countries. Regions like sub-Saharan Africa
and South Asia are no better off today than they were
decades ago. In the Near East and North Africa, food
insecurity is persistent (although relatively low) and actually rising both in absolute numbers and in prevalence.
Latin America, on the other hand, has seen a reduction
in the number of undernourished from 59 million in
1990–92 to 52 million in 2001–03. In transition countries, socioeconomic reforms have increased food insecurity because the growth in poverty during the transition
increased the number of people who cannot afford an
adequate and healthy diet (Ralston 2000).
A wide range of players in both private and public sectors have taken numerous steps to address these
problems. Many of the interventions have focused on
improving food availability at the household or national
level, with a few focusing on longer-term solutions such
as social safety net programs, supplementary programs,
or nutrition surveillance.
Food aid remains the chief instrument for ensuring
the basic nutritional needs of people affected by humanitarian crisis (FAO 2006a). Food aid is commonly
of three types: program, project, or emergency (humanitarian). Program aid is generally untargeted distribution
sold on recipient-country markets to raise revenue used
to support development interventions. Project food aid
is targeted at clearly defined beneficiary groups often
through supplementary feeding programs or food-forwork schemes. Humanitarian assistance is directed at
unanticipated human-made and natural disasters (Barrett 2002b).
A large proportion of food aid is directed at sub-Saharan Africa (IATP 2005a), the only world region where
food production increases have lagged behind population
growth. The share of all food aid going to these countries
since 1990 has gone from one-fifth to one-half.
In 2007, of the total food aid 86% (5.1 million tons)
consisted of cereals and 14% (0.85 million tons) of noncereals. Of the latter, 0.4% consisted of animal source
foods (dairy products were 0.3% and meat and fish were
0.1%) (WFP INTERFAIS 2007).
Food aid has also been instrumental in enhancing
local production of livestock products. Food aid in the
form of dairy products (dried skimmed milk powder and
butter oil) has been used for the development of the local dairy sector and to complement the low and fluctuating domestic supply levels. Related projects were based
on the monetization of dairy food aid, with the use of
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the proceeds to finance dairy development. Skimmedmilk powder to sub-Saharan Africa provided under the
U.S. Department of Agriculture (USDA) program has
been used this way. The European Union (EU) also supported dairy aid developmental projects in Bangladesh
and Tanzania.
The Operation Flood program in India has shown
how food aid (in the form of milk powder and butter
oil) can be an effective investment in the development
of the dairy sector. Operation Flood, launched in 1970,
continued in three phases into the 1990s and is widely
cited as a successful model of dairy development initially
supported by direct dairy aid. This became the model in
which food aid committed on a multiyear basis was sold
to a publicly owned dairy industry cooperative structure
(OECD 2005).
Food aid still plays an important role in addressing food security even in countries at an intermediate
stage of development. And although food aid shipments
to these countries have gone down over the past three
decades, they have been used to supplement nutritional
food gaps. During the 1990s, the United States and EU
donated food aid to a number of transition economies,
including Albania, Armenia, Azerbaijan, Georgia, Kyrgyzstan, Moldova, Russia, and Tajikistan (ERS-USDA
2004). The Russian Federation received food aid in the
form of meat and dairy products (FAO 2003b).
Although food aid can play a crucial role in reducing
hunger, it does not offer long-term solutions to the problems of food insecurity and undernutrition and it may
even exacerbate nutrition problems (Oxfam 2006). In
humanitarian infant and child feeding programs, the use
and distribution of milk powder has been heavily criticized because it can act as a disincentive to breastfeeding, perpetuating the likelihood of malnutrition (WHO
2000). It may compromise the immune system of infants,
making them susceptible to infectious diseases and, later,
to chronic noncommunicable diseases. Provision of food
aid with appropriate micronutrient content has also been
a long-standing concern surrounding food aid. Far more
people suffer from micronutrient deficiencies (e.g., of
iron, iodine, and vitamins A or D) that affect health than
from calorie undernutrition (Barrett 2002a), and very
often food aid has failed to contribute much to needed
nutritional variety. The use and distribution of nonfat
dried skimmed milk rather than whole milk powder during humanitarian operations has been criticized because
of its low fat and iron content, which infants need.
In order to meet the growing nutritional demand for
livestock products, countries, particularly in sub-Saharan
Africa, have had to rely heavily on imports to bridge the
gap between domestic production and demand. Most of
the consumption gains in the region have been achieved
through imports, with production experiencing slower
growth than other developing regions. Despite the opportunity provided by growing demand for livestock

products, domestic production in sub-Saharan Africa
has not grown enough to meet these demands. (See
Chapter 2.) The rapidly growing demand for livestock
products in this region is reflected in the rapidly declining net trade balance for livestock products, as imports
continue to outpace exports in order to meet demand
and nutritional requirements.
In transition economies, the most immediate impact
of economic reform was a sharp decline in production,
particularly of livestock products, and a rise in imports
of meat products. In Russia, livestock production declined more significantly in order to maintain relatively
high levels of meat consumption; significant amounts
of meat, particularly poultry meat, had to be imported.
About half of the chicken and 30% of the meat consumed in the Russian Federation is imported. Similarly,
Uzbekistan imports 30% of its meat and 25% of its milk
(Wehrheim and Wiesmann 2006).
Imports of livestock products can have mixed impacts on human nutrition and health. On the one hand,
importing animal products is a means of bridging the
food gap during shortfalls and makes important contributions to food security, but on the other, it can also
perpetuate nutrition inequalities and have negative impacts on local production, employment, and livelihoods.
Governments in low-income countries have often given
priority to supplying urban consumers with cheap subsidized livestock products, yet the vast majority of the
undernourished and food-insecure live in the rural areas. Poverty statistics as well as national income trends
in low-income countries indicate that food insecurity is
mainly related to access to food. An FAO assessment
of the impacts of import surges on sub-Saharan Africa
found that imported livestock products were primarily
sold in the urban areas (Sharma et al., 2005).
Together with other equally important factors such
as export subsidies, reductions in tariffs, domestic
market liberalization, and market shocks in importing
countries, imports of livestock products have in certain
instances contributed to the depression of local production, as local producers cannot compete with cheap imports. In sub-Saharan Africa, surges in livestock imports
are disrupting local markets and having negative impacts
on prices, production, livelihoods, and food security
(Sharma et al., 2005). The product characteristics of
imported chicken, usually frozen, low priced dark meat,
make it difficult for local broiler operations producing
fresh and highly perishable whole chickens that have a
higher cost of production, to compete. Box 17.1 summarizes findings from a study on the impact of poultry
imports in several sub-Saharan African countries.
In contrast to sub-Saharan Africa’s reliance on
imports to fill the food gap, some low-income countries have embarked on programs to improve domestic
production and consumption of animal source foods.
Viet Nam, for example, has successfully implemented
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Box 17.1. Impacts of Poultry Imports on Several
African Countries

Box 17.2. Programs to Improve the Production and
Consumption of Livestock Products in Viet Nam

An FAO analysis on the impact of poultry imports indicates
that rising poultry imports in several African countries have
coincided with structural difficulties for local broiler industries,
reducing capacity utilization and forcing operations to close.

In 1995 the government of Viet Nam ratified the National Plan
of Action for Nutrition with the aim of improving the nutritional status of the Vietnamese people. Prior to this, much
of the protein was supplied by rice; consumption of animal
source foods was negligible. One component of the program
focused on increasing the production and consumption of the
main animal source foods—pork and poultry—by investing in
breeding, strengthening of veterinary services, and feed technology and processing.
National surveys indicate a vast improvement in the population’s dietary intake and a reduction in nutritional deficiencies. Per capita consumption of meats increased from 24.4
to 51.0 g/person/day during the period 1987–2000. Egg and
milk consumption increased from 2.9 to 10.3 g/person/day
over the same period. Child malnutrition (underweight) has
also remarkably dropped from 51.5% in 1985 to 44.5% in
1995 to 33.1% in 2000, while the prevalence of stunting fell
from 56.7% to 36.5% in 2000.

Country

Poultry Import
Trends

Impacts

Ghana

Imports grew from
4,000 tonnes in
1998 to 124,000
tonnes in 2004

Local poultry enterprises
operation at low
capacities; capacity
utilization only 25% for
hatcheries, 42% for feed
mills, 25% for processing
plants; stagnant
production

Cameroon

Between 1999
and 2004, imports
increased by almost
300%

Loss of rural jobs; lower
domestic production;
declining retail poultry
prices

Côte d’Ivoire

Imports expanded
sixfold between
1998 and 2004

Production decreased by
7% in 2002 and by 49%
in 2004, in comparison
to 2001

Senegal

Imports increased
from 1% of
consumption in
2000 to over 20%
by 2002

Producers leaving
industry or converting
operations to laying hen
production; declining
retail prices; 70%
of broiler operations
reported to have closed

Tanzania

Imports rose 81fold between 1997
and 2002

Lower capacity utilization
and employment losses
in the industry

Source: FAO 2006b.

national programs aimed at improving food intake and
the nutritional status of the Vietnamese people by boosting domestic production of animal source foods such as
meat and milk. (See Box 17.2.)
Nongovernmental organizations (NGOs) and international organizations (UN agencies) have also taken
steps to address food insecurity and nutritional deficiencies in low-income countries through programs aimed at
increasing the production and consumption of livestock
products at the household level. These programs are often implemented through training on animal husbandry
and breeding and are complemented with the provision of veterinary services and improved feed. NGOs
like Heifer International, Farm Africa, VEDCO, Helen
Keller International (HKI), and Oxfam have taken leading roles in propagating local livestock projects with the
aim of improving human nutrition.

Source: Hop et al., 2003.

In Bangladesh, Cambodia, and Nepal, HKI has promoted production of animal foods at the household level
to address micronutrient deficiencies. The program promotes household egg production through the introduction of improved poultry breeds and improved veterinary
services, along with adequate housing and feed. It also
provides access to better varieties of grass to improve
milk production (HKI 2003). Program impacts include
increased egg and chicken liver consumption among
poor households.
Many of these programs target female-headed
households through the donation of animals such as
cows, goats, and microlivestock not only to provide milk
and meat, but also to serve as a source of income when
excess milk is sold. In Kenya, the U.S. Agency for International Development (USAID), in partnership with
other organizations, is funding a Dairy Development
Project that aims to build a strong private, commercially
oriented dairy sector, provide better quality and less expensive products to markets, and improve the health of
Kenya’s population. The program focuses on promoting increased consumption of milk and dairy products
through promotional campaigns (Ferris-Morris 2003).
Social safety net programs to support vulnerable
groups can play a fundamental role in reducing food
insecurity and prevent people from sliding into chronic
poverty in the wake of crisis. The objective of such programs is to reduce the impact of transitional crisis on
vulnerable people. The enhancement of resilience to repeated shocks requires that income and assets be protected. In circumstances where there is a shortfall of
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food, transferring food can prevent recipients from having to sell off their productive assets such as livestock
in order to feed themselves. A wide range of safety net
instruments has been used, particularly by NGOs and
multilateral organizations (such as Oxfam and the World
Food Programme [WFP]), including food-for-work or
cash-for-work schemes (which may be conditional or
unconditional) and subsidies for goods or services (Barrett 2006). Box 17.3 illustrates how safety net programs
have been used to intervene early and prevent malnutrition and hunger-related deaths.
During a food crisis, international organizations like
UNICEF have adopted a similar approach to address undernutrition in children and supplement their diets with
milk. In Niger, in the midst of the 2005 food and nutrition crisis, UNICEF supported a women-led goat project
to help vulnerable families in rural areas avoid the effects
of the crisis.
Food supplementary programs such as school feeding programs, mother–child feeding programs, and food
fortification programs to address malnutrition and micronutrient deficiencies are a common approach used by
a wide range of actors—from governments to international agencies, NGOs, and the food industry in both
development and emergency situations. Supplementary
nutritional programs are most effective when targeted at
high-risk individuals and have been used to address food
security requirements of children, pregnant women, and
people in emergency situations in low- and middle-income countries.
Mother–child supplementary feeding programs are
used to tackle problems related to an intergenerational
cycle of undernourishment. Several countries have designed programs targeted at maintaining adequate diets
for mothers and their infants. Experience in many middle-income countries show that supplementary feeding
using conditional transfers has gotten poor people to use
nutrition services. Large-scale, long-term mother–child
nutrition intervention programs have been implemented
in Thailand (Basic Minimum Needs Poverty Alleviation
program), India (Integrated Child Development Services),
Mexico (Programa de Educación, salud y Alimentación–
Progresa), and Chile (National Complementary Food
Program, or PNAC). (See Box 17.4.) These programs
are usually combined with a nutrition and health education component and/or a health component. Many other
countries have implemented similar programs, including
economies in transition in Central Asia and Russia.
Large-scale school feeding programs are another
kind of supplementary feeding intervention oriented toward the reduction of malnutrition. Feeding statistics
from the WFP Global School Feeding campaign currently implemented in low-income countries confirm this
upward trend. In 1999 WFP school feeding activities for
children reached 11.9 million children in 52 countries;
by 2005, this figure reached 21.7 million children in 74

Box 17.3. Livelihood Support—Linking Relief and
Development
At the peak of the emergency in the Sahel, Oxfam was able
to help people avoid falling deeper into debt by paying a
normal price for weak animals, which were then slaughtered
and used to feed the most vulnerable members of society.
This plan was accompanied by a “cash-for-work” program
that supported people in northern Mali and southern Niger
in exchange for working on community projects. Over 8,000
weak animals were bought and slaughtered, 960 hectares
of pasture were replanted, and 30 dams were rehabilitated.
Once the peak of the crisis had passed, Oxfam continued to
support the same communities through animal and feed fairs,
providing hundreds of farmers and herders with options for
rebuilding their livelihood.
Source: Oxfam 2006.

Box 17.4. Impacts of the Mother–Child
Supplementary Feeding Programs in Thailand
and Chile
The national Basic Minimum Needs Poverty Alleviation program in Thailand incorporated a maternal and child nutrient
component that consisted of growth monitoring and nutrition
education. The program provided coupons to mothers of underweight preschool children to exchange for milk and eggs.
It virtually eliminated severe malnutrition over a decade, with
significant reductions in underweight in preschool children
from a prevalence rate of 50% in 1982 to 14% in 1996.
Chile is often presented as a paradigm of success of supplementary feeding programs. The Chilean National Complementary Food Program (PNAC, from the Spanish) has the
main objectives of promoting growth and development in
children from conception through 6 years of age by providing food supplements to the mother during pregnancy and
lactation and to the child from birth to the age of 6; promoting
breastfeeding; preventing low birth weight related to maternal
malnutrition; and preventing infant–childhood malnutrition.
Chile’s PNAC provided fortified food supplements to about
1.2 million children and 200 pregnant and nursing mothers.
Of the total amount of supplements, 65% consisted of milk
and milk substitutes, 9% milk–cereal blend, and about 26%
rice. Hertrampf et al. (1998) reported that the food program
in Chile reduced the prevalence of anemia in children aged
12–18 months from 27.3% to 8.8%.
Source: Kain et al., 1994.
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beneficiary countries (WFP 2009). Animal source foods
such as milk are a main component of school feeding
programs. These have been implemented in several developing countries such as China, Indonesia, Philippines,
India, Thailand, Peru, Mexico, and Brazil. The Chinese
government-sponsored School Milk Program, which
started in 2000, involves the supply of milk to selected
schools at discounted prices with the aim of encouraging milk consumption. By the end of 2005, the program
had expanded to more than 10,000 schools supplying
over 2.4 million students—a 26% increase since 2004
(Euromonitor International 2005). In Thailand, the government continues to support free milk to all government supported preschool centers and to underweight
preschoolers in communities and public primary schools
(Smitasiri and Chotiboriboon 2003). The Thai school
milk program reaches about 70% of students between
the ages of 3 and 12.
Public–private collaborative efforts have become
common. In a collaborative effort, Tetra Pak and a local
milk industry and NGO, with support from USAID and
the Indonesian government, have supported school milk
programs in Indonesia. The milk program reaches about
12% of primary school students between the ages of 6
and 12. The national Iranian School Milk Committee in
cooperation with Tetra Pak is running one of the largest
school feeding programs in the world. In the school year
2004/05, 8 million children received milk three times a
week (Tetra Pak 2006). Similar programs are run in a
variety of countries.
Trade-offs in targeting are particularly relevant in
the case of food supplementary programs. Various studies on the targeting efficiency of these programs have
highlighted the substantial trade-offs involved. Evidence
from several middle-income countries, particularly in
Latin America, demonstrates this. An FAO survey with
data from 19 Latin American countries found that over
20% of the population—approximately 83 million people—received some level of food assistance benefits from
nutrition-related programs. In contrast, the number of
malnourished in the study countries was estimated at 10
million—that is, 12% of the beneficiaries (Uauy et al.,
2001).
Even in the face of the rapid changes in nutrition,
several middle-income countries have maintained nutritional programs addressing the problems of diet deficits.
As a result, though malnutrition has been on the decline
in these countries and obesity on the increase, the original programs have continued to deliver huge amounts
of food to beneficiaries who are not malnourished. One
consequence is that these programs have served to fuel
the overweight-obesity epidemic. A study conducted on
the impact of the preschool National Nursery Schools
Council Program in Chile found that there was a threefold
increase in obesity in children receiving supplementary
feeding (Uauy et al., 2001). Furthermore, supplementary

feeding programs such as school feeding usually target
children above the age of 3 and therefore often come too
late, given that the damage to human growth, brain development, and human capital caused by malnutrition
is greatest—and largely irreversible—during gestation
and the first two years of life (Cleaver et al., 2006). In
low-income countries where school enrollment does not
include the entire population of school-aged children,
school feeding may exclude the most vulnerable.
Fortification—the addition of nutrients to commonly eaten foods—is used to combat micronutrient
malnutrition and is increasingly recognized as an effective medium- and long-term approach to improve
the micronutrient status of large populations. Milk and
dairy products are common food vehicles in this regard.
Today, the business sector is taking the lead in supplying
fortified milk and in supporting supplementary feeding
programs in low-income countries. For example, Tetra
Pak, in partnership with governments, has been involved
in providing fortified milk to schoolchildren in Bangladesh (IFPRI 2004b), Nigeria, and Pakistan (World Bank
2007). In Bangladesh, a joint venture between Grameen
Bank and Danone corporation has also facilitated the
development of low-cost fortified yogurt for sale to rural communities. In support of fortification programs,
Argentina, Brazil, Guatemala, Honduras, Malaysia,
Mexico, Chile, Venezuela, and the Philippines have established mandatory fortification of milk with vitamins
A and D. Public–private partnerships such as the new
Global Alliance for Improved Nutrition have supported
the provision of fortified food to address the problem of
micronutrient deficiency (WHO 2003b).
At the national level, large-scale multisectoral programs have been implemented to address the problems of
hunger and undernourishment. Brazil’s unique Projecto
Fome Zero (Zero Hunger project) is one of the most recent and commonly cited programs that integrates structural policies (such as income distribution, production
increase, employment generation, agrarian reform, and
emergency interventions, among others) aimed at addressing the causes of hunger with policies to increase
access to food (Takagi et al., 2006). The project has been
instrumental in improving the nutrition status of vulnerable groups in Brazil either through the food card program that targets poor regions with the aim of ensuring
access to a daily food intake or through the innovative
food purchase program that encourages family farming
through the purchase of small farmers’ production. Livestock commodities that benefited from the food purchase
program include milk, meat, and cheese.
Food-specific subsidies, whether in the form of general subsidies, ration cards, or quotas, have been used
to increase consumption of animal source foods, with
positive effects on health and nutrition of undernourished populations. China is an example of how subsidies
can influence consumption patterns: in the early 1990s
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the government instituted programs aimed at improving
the nutritional status of the population. Foods like meat
and eggs were subsidized, and the proportion consumed
as part of the diets increased as a result (D’Arcy et al.,
2006). In the 1970s and 1980s, the campaign to raise
livestock production in the USSR was supported by sizable subsidies to producers for livestock products, particularly beef and pork (FAO 2003b). By 1990, Russian
food and agricultural subsidies, primarily for livestock
products, reached 11.8% of gross domestic product
(GDP) (Dinar and Subramanian 1997). The result of this
support was that consumption in central and eastern Europe and the Commonwealth of Independent States was
much higher than income levels would suggest.
In many developing countries, food subsidy programs
are a major part of nutritional programs. The aim is to
improve the accessibility of food to vulnerable sections of
the population by ensuring food price stability and lowering price levels. They have been commonly used in several countries and regions: Latin America, South Africa,
the Middle East, and North Africa. In Mexico, milk subsidy programs (a subsidy of about 70%) have been used
to target poor and low-income neighborhoods in urban
areas. In 1997, the LICONSA milk program distributed
11% of total domestic milk consumption, benefiting over
2 million children in rural areas and 3.4 million children
in urban areas (ERS-USDA 2000). Although food subsidy policies in the Middle East and North Africa have
been scaled backed, they still remain widespread. For
the most part, milk has been the most commonly subsidized animal source food in that region. However, other
products like eggs and meat have also been included in
the subsidy programs; for example, Egypt imports meat
from Sudan, which is sold at less than half the price of
locally produced meat (FAO 2006c).
In summary, while substantial progress has been
made in addressing undernourishment, the continued
persistence of malnutrition—particularly in low-income
countries—is an indication that the responses used so far
are inadequate to achieve food security. Food insecurity
is often perceived as a problem of inadequate food supply
and production; as a result, emphasis has been placed on
increasing national food supplies. This has been clearly
demonstrated in South Asia, where, although national
food availability and per capita income are higher relative to other low-income developing countries in other
regions, undernutrition and micronutrient deficiency remain endemic.

Overnutrition and Diet-Related Diseases
In several countries, human diet, activity patterns, and
nutritional status have undergone a sequence of major
shifts, with animal source foods playing a major role in
the changes. Popkin (1994) characterized these changes
as the “nutrition transition,” which has been associated
with increased consumption of superior grains, higher fat

and sugar foods, animal products, and processed foods.
People are shifting from consuming traditional diets
based on coarse cereals and vegetables to energy-dense
diets richer in saturated fat, added sugar, dairy, and animal products (IFPRI 2001).
As a result, overweight and obesity are rapidly growing in all regions, affecting children and adults alike.
Globally, there are over a billion people overweight,
with at least 300 million of them categorized as obese.
These problems are now so common in some developing
countries that they are dominating more traditional public health concerns such as undernutrition (SCN 2000).
Differences between socioeconomic groups are blurring, and there is a diminishing or reversal of the differences between income groups and the urban–rural
populations. In the more affluent middle-income countries, obesity tends to be associated with lower socioeconomic status. The reverse is true in low-income countries,
where obesity is more common in people of higher socioeconomic status and those living in urban areas.
The reasons for the alarming rate at which obesity
and diet-related diseases are spreading are manifold.
Behavioral factors, including dietary intake, physical
activity, and sedentary lifestyles, have been important
contributors. Intakes of total fat, animal products, and
sugar are increasing just when the consumption of cereals, fruits, and vegetables is declining (World Bank
2006). In addition to genetic predisposition and lifestyle,
increasing consumption of energy-dense foods has been
a major contributing factor to the obesity epidemic. Another causal factor that has received little attention is the
economic environment in which obese and overweight
people live and the link between income and diet quality,
food choices, and obesity.
Responses to overnutrition and diet-related disease
range from the use of regulatory and market instruments
to communication and awareness, engaging the international community, governments, and the food industry.
In Latin America, some governments have made
significant efforts to restructure existing nutrition programs. In Brazil and Chile, the school feeding programs
that were originally conceived to curb undernutrition are
currently being restructured into obesity prevention ones.
New legislation in Brazil mandates that at least 70% of
the program’s annual budget (of about $500 million)
must be spent on fresh fruits and vegetables, with minimal inclusion of processed foods (Jacoby 2004, Coitinho
et al., 2002). Chile is presently adapting its preschool
food supplementary program (National Nursery Schools
Council Program) by lowering the sugar and saturated
fat content of the rations and providing skimmed milk
and fresh fruit and vegetables (Uauy et al., 2001).
As the prevalence of overweight, obesity, and nutrition-related chronic diseases and their associated
economic costs of treatment increase, governments
have taken to preventive measures such as monitoring,
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nutrition education, and consumer awareness to address
nutrition-related chronic diseases and obesity. Most
Latin American countries are now aiming to strengthen
consumer options through better and simpler labeling
of food and through campaigns that provide the best
options based upon available resources—stressing the
benefits of eating a traditional diet that is high in plant
sources and fruits and low in fat and meats. Countries
like Chile, China, Cuba, Iran, India, Morocco, South Africa, South Korea, and Thailand have large-scale monitoring systems that assess the prevalence of overweight,
obesity, and nutrition-related chronic diseases. Similarly,
nutrition education, particularly in schools, coupled
with physical activity programs is being implemented
by countries such as Brazil, China, Malaysia, Mexico,
South Africa, and South Korea.
Countries such as Brazil, Thailand, and Singapore
use mass media campaigns to address the problem of
overnutrition. As part of the Regional Strategy and Plan
of Action on an Integrated Approach to the Prevention
and Control of Chronic Diseases, Including Diet, Physical Activity, and Health, the Pan American Health Organization launched a campaign whose objectives are to
create awareness and to prompt action to tackle the current epidemics of obesity and chronic disease. In its initial stage (2006–08), the campaign is focusing its efforts
on Chile, Colombia, Costa Rica, México, and Venezuela. In Brazil, the use of mass media campaigns directed
at obesity has been hailed as one of the important causal
factors in the decline in obesity, especially among urban
Brazilian women in the upper 75% of the income level,
with the incidence of obesity reducing by over 28% from
1989 to 1997 (Monteiro et al., 2002).
Countries in the Pacific islands have taken drastic
measures to deal with problems of overweight and obesity. The government of Fiji, concerned about the high
fat content of low-quality sheep meat (mutton flaps) and
turkey tails and the health consequences of importing
such products, imposed an import ban on mutton flaps
and instituted a ban on the sale (whether imported or
locally produced) of these high-fat foods (Curtis 2004,
Nugent and Knaul 2006, WHO–Western Pacific Region
2003a). Following this lead, the Tongan authorities have
banned imports of mutton flaps. In 2007, the Samoan
government also banned the import of turkey tail meat
from the United States in support of health preventive
measures to the rapidly expanding problem of obesity
and diet-related noncommunicable diseases.
National governments have put in place regulatory
frameworks ranging from broad food-based dietary
guidelines and national nutritional plans to specifically
address the problems of under- and overnutrition. Foodbased dietary guidelines aim to promote general nutritional well being as well as to prevent and control both
ends of the malnutrition spectrum. The guidelines generally recommend the consumption of livestock products

in moderate amounts, with an emphasis placed on the
consumption of fat-free or low-fat dairy products and
lean meats (FAO 2009). Industrial countries have developed national food-based dietary guidelines that promote healthy eating. Generally, these advocate replacing
saturated fats (animal fats) with unsaturated vegetable
oils or soft margarines, replacing fatty meat and meat
products with lean meats or white meats, and using milk
and dairy products that are low in fat.
Recommended nutrient intake is essential in establishing specific targets or benchmarks against which dietary intake can be assessed and monitored (WHO 2004).
WHO and FAO have developed international standards
that countries can adopt. Industrial countries have established national recommended nutrient intake for their
populations based on these international standards.
Industrial countries have also responded to risk factors for overnutrition through the development of policy
framework documents. The European Union has over
the past few years developed a series of instruments with
the objective of addressing problems of overnutrition.
Table 17.1 summarizes the main policy instruments, target groups, and issues addressed.
Many countries recognize the growing problem of
obesity as a priority in their national strategies. Some
EU countries have developed population-wide national
plans of action or public health strategies dealing with
obesity and related risk factors while others specifically
target children either through action plans or through
regulations/guidelines on marketing of food to children.
Others have developed separate documents to promote
physical activity.
Product promotional campaigns have been used to
encourage consumers to switch from full-fat livestock
products to low-fat products. The “1% or Less” campaign in the United States is an example of this. The
campaign is a health-education program that aims to
reduce the total and saturated fat consumption of communities by encouraging adults and children over 2 years
of age to switch from drinking whole or 2% milk to 1%
or fat-free (skim) milk.
Industrial countries have also used nutrition intervention programs to address noncommunicable diseases,
which are a major health burden in these countries.
Analyses of major public health programs, such as those
in Finland and Norway, have shown that the substantial
fall in coronary heart disease rates is predominantly explained by a 15% fall in average serum cholesterol levels as the consumption of milk fat—in milk, butter, and
milk products—drops (WHO 2004). Finland provides
an excellent example of sustained improvements in cardiovascular disease mortality (Box 17.5).
Other countries have successfully experimented with
policies to prevent chronic diseases, such as Poland,
which achieved a 6–10% annual reduction in cardiovascular disease deaths in the 1990s by removing price
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Table 17.1. EU regional policy instruments addressing overnutrition.

Action framework

Target group

Priority areas

Platform on diet, physical activity, and health (2005)

• Stakeholders (private and
public) forum/platform

• Obesity
• Noncommunicable diseases

European strategy for the prevention and control
of noncommunicable diseases (2006)

• High-risk individuals

• Noncommunicable diseases

Blueprint for action on the promotion of
breastfeeding in Europe (2004)

• Mothers
• Community
• Health and social systems

• Obesity
• Infections

European strategy for child and adolescent
health and development (2005)

• School-age children

• Obesity

European network for the promotion of healthenhancing physical activity

• Community
• School-age children

• Obesity
• Cardiovascular diseases
• Diabetes

Source: WHO 2004, 2007.

subsidies from butter and increasing the availability of
cheaper vegetable oils (CSIS 2006).
Market-driven responses are increasingly emerging
from the food industry in response to mounting pressure
from consumers to produce more nutritious foods and to
market them more responsibly. Industry responses range
from the development of healthy products and the reduction in portion sizes to consumer awareness campaigns
and support for physical activity.
Box 17.5. Nutrition Intervention in Finland—The North
Karelia Project
In the early 1970s, in response to a worryingly high mortality
rate from coronary heart disease, the Finnish government, in
collaboration with WHO, set up an intervention at the community level in North Karelia that aimed to improve the population’s blood pressure and cholesterol levels by reducing
saturated fat intake, increasing fruit and vegetable consumption, and reducing salt intake. Following successful results,
the measures were implemented nationwide.
The changes in the North Karelian and Finnish diets have
been quite remarkable. In the late 1970s, about 60% of Finns
reported using mostly butter; by 1998, the proportion was
only 5%. This contributed significantly to the decrease in
saturated fat intake. In 1978, 40% of the men and 35% of the
women used fatty milk; in 1998, the respective proportions
were only 9% and 4%. Low-fat milk became the standard
milk used in schools as early as the 1970s.
The dietary changes have been associated with a high decline in cholesterol levels, which decreased by 18% between
1972 and 1997 in North Karelia. Mortality rates of ischemic
heart disease decreased by 73% in North Karelia and by 65%
in the whole country from 1971 to 1995.
Source: North East Public Health Observatory 2005, Puska 2002.

Research conducted by Ethical Investment Research
Services (EIRIS 2006) documents that food manufacturers are developing new, calorie-reduced products or are
improving existing ones by lowering fat and sugar levels. Food companies like McDonald’s have introduced
lower-fat dairy options (Lewin et al., 2006). Reducing
the size of single-portion products also appears to be a
standard way of meeting health concerns, although it is
not yet practiced widely.
In order to reduce fat intake, countries have used
standards to set limits on the amount of fat in livestock
products. USDA has “standards of identity” that limit
the fat content of certain processed meats such as ground
beef, hot dogs, and pork sausages. Carcass classification
in the EU has played an important role in the gradual improvement of meat carcass quality by promoting leaner
meat production to meet consumer demand. The EU has
encouraged the meat industry to use carcass classification grid systems, whereby carcasses are graded by their
conformation and their lean meat content (European
Commission 2003).
Nutrition labeling is also a potential measure in the
overall strategy to combat overnutrition and the associated diet-related noncommunicable diseases. Clear,
concise, and simple labeling is one way of ensuring that
consumers have the necessary information and tools to
make informed decisions regarding food choices for improved health. Many countries have regulations requiring some form of nutrition labeling. Overall, countries
can be characterized as having one of the following types
of regulatory environments: mandatory nutrition labeling on prepackaged foods (Brazil, the United States, and
Australia); voluntary nutrition labeling that becomes
mandatory when a nutrition claim is made (the EU) or
for certain foods with special dietary uses (India, Pakistan, and China); or no regulations on nutrition labeling
(WHO 2004).
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Though this is likely to change in the future, nutrition labeling in the EU is currently not compulsory on
food packaging; it only becomes compulsory if a nutrition
claim such as “low fat” or “reduces cholesterol” is made
on the product label or in an advertising message. In the
United States, the requirement for nutrition labeling has
stimulated the food industry to reduce the amount of fat
in a wide range of products (Schäfer et al., 2006).
In countries like Finland and Poland replacement
of products containing saturated fats has been achieved
through the creation of markets for healthy products.
Generally, there is a move toward the consumption of
less fatty livestock products to leaner or low-fat products. In Finland, soft margarines and butter–oil mixtures
as well as low-fat spreads have replaced butter—originally the traditional source of fat in the Finnish diet
(Puska 2002).
Notwithstanding the efforts made to counter the
obesity epidemic, the problem of obesity and diet-related
disease is increasing at a faster pace throughout the
world. So the question is, Why is the epidemic spreading
faster than expected?
While developing countries are only beginning to
grapple with the problems of overnutrition, industrial
countries have focused on interventions aimed at enhancing consumer awareness, on promoting physical
activity and changes in lifestyle, and on developing legislation targeting obesity—all valid entry points if obesity
is to be addressed. These actions have also been aimed at
reducing the demand for certain types of food. But the
broader public health issues raised by agricultural and
food policy, the impacts of the globalization of the food
system, the role of advertising and information asymmetry, and the link between income and dietary choices
have been overlooked by policy makers.
Agricultural policy as well as improvements in agricultural productivity have been key factors in the rising dietary energy supplies in high-income countries. As
such, directly or indirectly, these policies have contributed to the obesity epidemic. Agricultural policies in industrial countries have profound and complex effects on
food supply as well as on demand through production
incentives that stimulate oversupply of certain foods, fueling the obesity epidemic. Food surpluses have induced
marketing measures aimed at increasing consumption,
and this has led to excessive domestic consumption with
negative health effects (WHO 2007).
The EU’s Common Agricultural Policy (CAP) is an
example of a policy that conflicts with public health policies. Despite reform of the CAP, the livestock sector in
the EU still remains heavily supported—support that has
stimulated overproduction. (See Box 17.6.)
Despite the continued support to farmers, the EU
is increasingly aiming at improving the quality of the
product and encouraging more environmentally sustainable farming practices (European Commission 2003).

Box 17.6. EU Subsidies to the Livestock Sector
Within the European Union’s CAP, there are a number of different forms of support for the farming sector. A large part of
the support is for crops, including fodder crops, but a good
deal also goes specifically to animal products. This has been
achieved in a variety of ways, many of which are counterproductive to achieving good public health.
Two main types of support in the EU’s agriculture budget
benefit producers of animal products. In part, what is called
direct support is paid out to farmers who have a certain kind
of animal or who produce a certain type of animal product.
Additionally, there is a kind of support that is referred to as
intervention, which involves the EU going in and assuring
demand for farm products in different ways. Interventions include the EU providing financial aid for the export of a given
product to countries outside the EU. The EU also buys up
and stores the surplus of a given product at a guaranteed
price, called the intervention price, so that the producers are
guaranteed income for the product they produce. The EU also
provides support for marketing of different animal products so
that their sales will increase. In the EU budget for the financial
year 2007, interventions and direct support to the livestock
sector amounted to 3.5 billion euros.
Source: EU 2007, Holm and Jokkala 2008.

Furthermore, in 2007 the EU Council, in an attempt to
reduce childhood obesity, adopted a package of measures
that will introduce a flat-rate subsidy (Euro 18.15/100 kg)
for the European school milk scheme. This means that for
the first time skim milk distribution will have the same
financial support as full-fat milk (EPHA 2007, EU 2007).
The pricing of production input commodities is another factor that has circuitously influenced public health
in industrial countries. U.S. farm policy is a good case in
point: it has been increasingly directed toward driving
down the price of a few farm commodities, such as corn
and soybeans. By keeping these costs artificially low, U.S.
farm policy provides an indirect subsidy to grain-fed livestock and therefore encourages production of cheap livestock products. Furthermore, by enabling the production
of low-cost feed grains, agricultural policies create unfair
advantage to grain-fed as opposed to grass-fed livestock.
The latter have been shown to be higher than grain-fed
beef in health-promoting nutrients, omega-3 fatty acids,
and cancer-fighting conjugated linoleic acid (IATP 2006).
High-grain diets are also said to increase the fat content
of livestock. Agricultural policy in industrial countries,
by supporting intensive livestock production, also facilitates the increased use of hormones, antibiotics, and so
on that may pose numerous health risks.
The globalization of the food system has altered
the quantity, type, and cost of food, generating food
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inequalities across various income groups by making
healthy foods accessible to only the richer sections of society. Globalization processes operating throughout the
food supply chain therefore have different impacts on
the different forms of malnutrition. Globalization may
introduce opportunities to address undernutrition by
cheapening food, but in so doing it may also introduce
risks for overnutrition. (See Box 17.7.)
Promotion campaigns have been used to increase
the consumption of livestock products, particularly in
the United States. The beef, pork, dairy, and egg industries, with administrative assistance from USDA, have
facilitated the promotion of foods that are inconsistent
with its own dietary guidelines (e.g., “Pork—the other
white meat,” “Beef gives strength,” and “Got Milk?”).
The U.S. National Dairy Council has spent $200 million
since 2003 promoting the idea that milk can help people
lose weight. The U.S. mandatory Check-off Program,
which enforces the collection of more than $600 million annually from producers, is used to fund advertising campaigns aimed at increasing consumption of these
commodities. The largest food commodity check-off programs are for meat and dairy products (Wilde 2006).
There is also an imbalance in information between
the food industry and consumers, which has resulted in
unmatched consumption of energy-dense foods. Most
consumers are unaware of the quantities of added fats
and sugars in processed foods. And while nutrition labeling addresses this problem, there is the concern that labeling is of benefit to mainly consumers who are in many
cases already better educated about nutrition, and it is
obviously of limited value in areas where literacy is weak
(Hawkes 2006, Haddad 2003).
The voluntary food industry efforts to help tackle
the obesity epidemic have been called into question by
a recent analysis of the commitments made by 25 of the
largest food companies. The report showed that the majority of the 25 had made general statements about diet
and health but that less than half had made any policy
commitments, with little implementation, and that only
4 had stated support for a voluntary code on advertising to children (Lang et al., 2006). Schäfer et al. (2006)
argue that the major problem with involving the food
industry in partnerships aimed at reducing obesity is the
potential for serious conflicts of interest, especially when
their products are recognized as some of the leading
causes of overweight and obesity.
Lewin et al. (2006), in a study on the supposed
changes in marketing of foods to children in the United
States by McDonald’s, found that for every positive
step taken by the food company, countermeasures were
also put in place that could weaken efforts to promote
healthy eating. For example, although the company has
introduced healthier foods such as salads and low-fat
dairy options, it also introduced new food items such
as chicken salads high in calories (450–660g) and fat

Box 17.7. International Trade in Cheap High-Fat
Foods: A Need for Regulation?
Evans et al. (2001) researched the preferences and frequency
of consumption of different foods in the small south Pacific
island country of Tonga. They concluded that despite people’s awareness of the nutritional value of available foods and
despite their preference for more nutritious traditional food,
economic forces have induced a shift toward consumption of
cheap imported meats such as high-fat mutton flaps (sheep
bellies). Cost and availability considerations lead to unhealthy
food choices that contribute to the high incidence of obesity
and diet-related chronic diseases. This problem was considered serious enough in Fiji to lead the government to ban the
sale of mutton flaps. The Western Pacific Regional Office for
the World Health Organization has produced a manual on
how domestic laws can be used to regulate the availability of
such foods that contribute to obesity.
Ghana has used a regulatory approach that involves setting a composition standard that prescribes a fat content level
for meat and poultry products. Poultry imports must have a
fat content of less than 15%; beef, less than 25%; and pork,
less than 35%. These regulations have effectively halted U.S.
exports to Ghana of turkey tails, which typically contain at
least 30% fat.
Source: Evans et al., 2001; WHO-Western Pacific Region 2003a,
2003b; SCN 2004.

(11–29g). McDonald’s pricing strategies were also found
to promote less healthy options and the use of the “one
dollar” menu to sell food that was less healthy.
While the problem of overnutrition has risen to the
top of the public agenda in several countries, little attention has been paid to the subtle link between diet,
economics of food choices, and people’s socioeconomic
status. Several recent studies suggest that there is a link
between obesity and poverty (Drewnowski and Spector 2004, Drewnowski 2004, Monteiro et al., 2004,
Tanumihardjo et al., 2007). Intuitively it would seem
that obesity and poverty could not be linked, but obesity has been found to be more prevalent in the lower
economic strata in industrial countries. In the United
States, the highest rates of obesity and diabetes tend to
cluster among the groups with the highest poverty rates
(Drewnowski and Darmon 2005). A similar pattern
can be found in Europe, with obesity common among
socially deprived communities, characterized by lower
income and education (WHO 2007). This trend is beginning to emerge in middle-income countries. A recent
review by Monteiro and others (2004) of the incidence
concluded that at as GNP increases in developing countries, the burden of obesity tends to shift toward groups
of lower socioeconomic status. Research on mechanisms
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that link social economic status to obesity is still lacking in the developing world, and the subject certainly deserves more attention.
Income directly affects obesity through its effects on
expenditure and consumption of energy-dense foods.
Drewnowski and Spector (2004) argue that limited economic resources may shift dietary choices toward cheap,
energy-dense, convenient, and highly palatable diets that
provide maximum calories for the least volume and lowest cost. In addition, people in the lower economic strata
have to work long hours and often do not have the time
to prepare healthful meals or the knowledge about what
such a meal consists of.
So far, the policy response to problems of overnutrition has not been bold enough and has focused on single
factors or called on individual responsibility through
educational campaigns. Coupled with this is the argument of the right of individual “free choice,” which is
often advanced in industrial countries. In several industrial countries, nutritional habits are seen as a matter of
individual choice and hence government intervention is
not warranted.
But the obesity pandemic cannot be halted simply by merely encouraging individuals to reduce their
risk factors and adopt healthier lifestyles. There is a
need to address the whole environment that subsidizes
and promotes obesity using a multisectoral approach.
High-income countries still tend to focus on consumer
behavior—with a reluctance to tackle the more structural drivers of change. Implementing policies that address the root causes of overnutrition implies balancing a
multitude of conflicting interests and confronting several
forces and institutions—a path that governments are often unwilling to embark on. Policies that are closer to
the consumer, such as labeling, marketing regulations,
and restrictions, although worthwhile, are subject to being undermined as they affect the incentives of both the
upstream and downstream sectors along the agrifood
chain: such as the production sector and the processing,
marketing, and retail sectors.

Food Safety
Food safety is becoming a dominant theme worldwide
as the incidence of foodborne illness increases. This is in
part a reflection of the prevalence of foodborne illnesses
worldwide and in part consumer concerns about the
safety and quality of the food they consume, particularly
in industrial countries. Food safety has therefore become
a clear objective of governments in many areas, as indicated by the emergence of new standards and methods of
regulation, new institutions, and increased investments
in the field.
Although foodborne diseases are prevalent in both
developing and developed countries in many ways, there
is a stark difference between these nations. Consumer attitudes toward risk as well as the food safety risk levels,

priorities, and approaches to safety and quality vary significantly. Countries have responded in different ways
to the growing concern of food safety: some have approached the problem from the perspective of domestic
consumer welfare while others, those with a strong export orientation, have responded for fear of losing export markets.
Food systems in developing countries are not always
as well organized and developed as in the industrialized
world. Moreover, problems of growing populations, urbanization, limited resources to deal with this issue, and
lower or poorly enforced regulatory standards imply that
food systems in developing countries will continue to
adversely affect the quality and safety of food supplies.
People in developing countries are therefore exposed to
a wide range of potential food quality and safety risks
(FAO 1999).
Food safety concerns in developing countries typically include the inappropriate use of agricultural chemicals; use of untreated wastewater or manure on crops;
the absence of food inspection, including of slaughtering and processing facilities such as those for meat; poor
hygiene; the lack of appropriate infrastructure, such as
cold chains; and the lack of appropriate information on
food safety (FAO 2001). In many low-income developing countries, many livestock products are marketed
through informal markets. For example, informal milk
markets account for nearly 90% of milk sales in Kenya
(Omore et al., 2002).
Developing countries are also being challenged to
improve food safety for their growing affluent middle
class. As economies develop, food processing and preparation tend to shift outside the household, supermarkets
increasingly dominate urban food retailing, and consumer food safety demands begin to drive improvements
in food safety. The Chinese government has established
“green food” certification for a wide range of products,
including beef. This was in response to food safety concerns raised by affluent urban consumers who are willing
to pay a premium price. A survey revealed that affluent
consumers are prepared to pay premiums of 20–30% for
“green foods.” At the production level, the certificate
prohibits use of growth promoters, imposes withholding
periods for some veterinary products, and sets national
standards to be met on the use of feed additives and antibiotics (IFPRI 2003).
For developing countries, particularly emerging
economies, food safety issues in addition have important
implications for export opportunities to countries with
low risk tolerance and stringent food safety standards.
Food safety concerns in industrial countries have led to
the application of strict food standards and regulations,
such as the use of microbiological and chemical risk assessment techniques and the integration of food safety
and food production policies to develop risk-based,
farm-to-table approaches to control foodborne hazards
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(WHO 2004). Increased food trade also means that
chemical contaminants, toxic materials, pesticides, veterinary drugs, and other agrochemicals are under constant
surveillance to ensure food safety along the entire food
chain. For example, the EU has established regulations
that establish procedures for setting maximum residue
limits of veterinary medicinal products in foodstuffs of
animal origin. Other examples include the regulation of
the use of hormones in meat production in the EU.
In order to benefit from trade, developing countries
usually have to adopt importing-country standards, as
failure to meet international food safety standards can
result in significant financial losses (FAO 2003a). The
requirements set in place by industrial countries have
in effect transferred regulatory responsibility to other
countries—often a prerequisite that has to be met if entry into industrial-country markets is to be assured. A
public- and private-sector initiative in Brazil aimed at
reducing mycotoxins in animal feed is an example of an
intervention that aims at enhancing food safety geared at
meeting standards in importing countries (IFPRI 2003).
Similarly, Argentina and Uruguay have implemented
traceability systems that indicate whether the animals
have been exposed to foot-and-mouth disease. Both
countries promote their grass-fed beef production as a
“healthier” system, which, combined with bans against
feeding meat and bone meal to cattle, reduces bovine
spongiform encephalopathy (BSE) concerns among importers. Export markets are important to both countries,
and their beef industries are increasingly shaped by the
demands of foreign buyers. Argentina and Uruguay implemented mandatory national animal identification systems after having less formal systems in place for several
years. These programs now make it possible to track animals from birth to slaughter (McConnell and Mathews
2008).
There have been an increasing number of national
and international initiatives to implement the application
of food safety management systems in order to ensure
food safety and safeguard international trade of animal
products. Examples include the official World Organization for Animal Health standards on Terrestrial Animal
Health Code, which sets out the recommended health
standards for international trade in animals and animal
products. And regions such as the EU have adopted a
new Animal Health Strategy that addresses not only animal health issues but also issues inextricably linked to
animal health, such as public health and food safety (European Commission 2007).
In industrial countries there has been a more general shift in how food safety issues are managed, with
increasingly shared responsibilities between different
stakeholders—governments, food industry, and consumers—characterized by a continuous modification
of existing regulatory framework to address the everincreasing risks. Industrial countries have responded to

the immense public concern regarding food safety by
broadening the scope of and tightening standards and
regulations across the food chain. Regulation can take
various forms—from prohibition, where certain products or processes are banned (e.g., compulsory removal
of the spinal cord from beef and sheep carcasses or a ban
on the use of meat and bone meal as feed) to prescriptive measures that describe in detail procedures for dealing with recognized problems (e.g., a mandatory hazard
analysis and critical control point [HACCP] system for
all levels of the food chain) and information regulations
such as certification, labeling, and traceability.
Certification, consisting of different standards and
regulations relating to food safety, generally aims at
providing consumers with better information about the
characteristics and quality of food products. In industrial countries, regulatory systems increasingly require
that safety assurance actions be taken along the whole
food supply chain. Certification schemes can range from
traceability to labeling (such as mandatory country-oforigin labeling standards for beef, lamb, and pork in Japan, the United States, New Zealand, and Australia) and
quality marks and product branding (such as the U.K.
quality standard marks for pork, sausages, bacon, and
ham that help consumers distinguish between imported
and British products).
Countries may require documentation tracing a food
product back through the supply chain to its source or
forward through the chain to the consumer. For example,
the EU requires mandatory traceability for genetically
modified feed in the entire food chain—from farmers
through processors up to retailers and restaurants. Similarly, the 2002 Japanese law relating to BSE countermeasures requires mandatory trace-back for cattle from
feedlot to the packaging plant.
Surveillance for foodborne diseases is an increasingly
high priority issue on the public health agenda in many
countries. Such systems help eliminate the burden of
foodborne diseases, assess the relative impact on health
and economies, evaluate disease prevention and control
programs, and allow for rapid detection and response to
outbreaks. Examples of foodborne surveillance systems
include the EU Antibiotic Resistance Surveillance system,
the U.S. National Antimicrobial Resistance Monitoring
system, and the Danish Zoonosis center, which has a
range of surveillance programs for animal feed, poultry,
pigs, and cattle.
During the last several decades, risk assessment, risk
management, and risk communication have been formalized and incorporated into a process known as risk
analysis. This new approach enables information on
hazards in food to be linked directly to data on the risk
to human health, a step that was not considered in the
past. By providing a science-based approach to improving food safety decision-making processes, risk analysis
contributes to a reduction in the incidence of foodborne
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disease and to continuous improvements in food safety
(FAO and WHO 2005). FAO and WHO have been at the
forefront of the development of risk-based approaches
for the management of public health hazards.
Other tools used by governments in industrial countries to monitor food safety include product bans, recalls,
or rejections. In order to address food safety risks, countries have banned the use of products such as meat and
bone meal (following the BSE crisis) and imports of livestock and livestock products in the event of disease outbreaks (e.g., the mad cow crisis, foot-and-mouth disease,
and avian influenza). In December 1985, for example,
the EU—referring to consumer concerns—announced
that as of January 1988 all imports of meat raised using hormones would be banned. In March 1988, the EU
decided not to use hormones within the EU itself. And
in January 1989, the EU began enforcing a total ban on
imports of meat raised with growth hormones (Animal
Health and Production Compendium).
Food authorities in several industrial countries are
already using market forces as a tool by informing consumers of the results of inspections in individual food
establishments, with the primary purpose of influencing food safety through “naming and shaming” (WHO
2004). For example, in the United Kingdom the inspection results from all slaughterhouses and meat processors
are published according to a special classification system.
The realities of food safety have brought about a
new paradigm in stakeholder responsibility characterized by a shift of responsibility away from official public
control food systems and toward systems established by
producers and food processors. Traditionally, there existed clear-cut distinctions on the roles of the public and
private sectors regarding food safety and quality. With
increasing food scares and consumer demands for safe
food, these differences are being dismantled as co-regulation approaches are used.
Today, the private sector is taking a leading role in
incorporating consumer concerns regarding health, quality, and safety by setting voluntary standards that spell
out various technical specifications governing quality
and safety. Private-sector food labeling practices, product quality standards, and buyer requirements to meet
specific food safety standards as a condition for doing
business have proliferated.
Traceability is another tool used by the food industry
in industrial countries to enforce food safety. Food suppliers in a position to provide traceability information
are more likely to draw interest from supermarkets and
consumers and to gain competitive advantage. Traceability also permits brand protection and fraud detection. An
Irish supermarket that uses DNA testing to trace meat
to the animal of origin rather than to the herd or farm
is an example of initiative taken by the food industry.
Similarly, in the Netherlands a veal processor is responding to consumer preferences for trace-back information

on an Internet site. Traceability schemes are relevant not
only for safety and quality but also for essential product
differentiation.
Vertical food industry alliances are becoming an important means of assuring food safety and quality. Vertical supply chain alliances between producers, processors,
and retailers to enable credible assurances of food safety
and quality have emerged as a private-sector response to
food safety concerns and changing regulatory environments (Hobbs et al., 2002). Tracesafe, a farmer-owned
company in southwest England that operates a unique
cattle traceability and quality assurance system, is one
example of this. The Tracesafe Cattle Management System is a network of breeders and finishers that allows the
history of individual meat cuts to be traced back to the
animal of origin. The beef is targeted at specialist retail
outlets and high-quality restaurants, where consumers
are willing to pay a premium for the assurance of guaranteed traceability. All grain is supplied from a network
of mills contracted to provide specially prepared rations.
Independent auditing of breeding and finishing units is
carried out under the ISO 9002 accreditation requirements. Complete details of an animal’s life, including
parentage, medication, feeding, and any movements, are
documented (Fearne 1999).
The food industry has shifted away from the traditional focus on end product testing (quality control)
and toward quality assurance systems that manage food
safety along the entire supply chain, from “farm to
fork.” Examples of systems operating worldwide include
the Codex Alimentarius, Good Agricultural Practice, the
ISO series, and HACCP (Animal Health and Production
Compendium).
Farming and food processing have been plagued by
several food scares, which have given rise to increasing
demands from consumers for organic products. Consumers are worried not only about diseases such as BSE
and avian influenza but also about other pathogens, hormones, and chemical residues that might be present in
food. In addition, with the rapidly increasing rate of obesity, consumers are now focusing on the nutritive value
of organic foods. Australia has the largest surface area
devoted to organic farming (approximately 10 million
hectares), mostly represented by pastures, with milk and
meat being important commodities. Europe and North
America have, respectively, approximately 5.5 million
and 1.5 million hectares of land under organic management (Thilmany 2006).
USDA has developed guidelines for healthier meat
and dairy consumption—the Eat Well Guide that encourages consumers to buy organic livestock products
from animals raised without the use of antibiotics, hormones, genetic engineering, and so forth. (IATP 2005b).
In the United States, demand for organic livestock has increased nearly 161% since 1992. Organic poultry sales,
for example, have quadrupled since 2003, with annual
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growth rates projected to be between 23% and 28% by
2010. This increased demand for organic meat can be attributed to the heightened consumer concerns related to
food safety issues (ERS-USDA 2006).
Among developing countries, the largest organic sectors are reported in Argentina and Brazil, which mainly
supply external markets, particularly in Europe (FAO
2002). Uruguay’s grass-fed production system is internationally recognized as an independently certified source
of natural beef. The “Certified Natural Meat Program
of Uruguay” maintains consumer confidence and differentiates Uruguayan meat through certified compliance
with international protocols for animal production and
industrial practices (McConnell and Mathews 2008).
Food regulation is usually based on domestic standards and regulations. Superimposed on these, however,
is the need for governments to operate within an international framework and rules. The international framework on food safety has developed significantly through
the enhanced role of certain international organizations,
such as the Codex Alimentarius, under the WHO and
FAO, and the World Trade Organization’s Agreement
on the Application of Sanitary and Phytosanitary Measures. Countries are encouraged to adopt international
standards, such as those agreed to by the Commission
of the Codex Alimentarius, an international expert body
dealing with food safety issue. The main problem for
poor countries is the cost of compliance. Several key
international organizations offer technical assistance to
developing-country governments faced with compliance
problems. For example, FAO has proposed a food safety
and quality fund to provide grants to the least developed
countries to strengthen their systems (FAO 2001).
In developing countries, the lack of technical and
institutional capacity to control and ensure compliance
with international standards essentially compromises
food safety. Inadequate technical infrastructure—in terms
of food laboratories, human and financial resources, national legislative and regulatory frameworks, enforcement
capacity, management, and coordination—weakens their
ability to confront these challenges. Such systemic weaknesses not only threaten public health but also may reduce
trade access to global food markets. Umali-Deininger and
Sur (2007) have also cited the role of cultural issues, such
as religious beliefs, that may further constrain the adoption of appropriate food safety measures. In India, the sacred value attached to cattle puts limits on disease control
to address food safety and public health, such as culling
to prevent disease spread. In addition, improving food
safety in informal supply chains characteristic of developing economies raises questions at both the technical and
organizational levels.
The complexity of food safety makes the right policy
response difficult to identify, especially where there is
limited evidence on the magnitude of the problem. What
is certain, however, is that food safety issues will continue

to plague food systems in various countries in varying
degrees. In developing countries, government interventions to ensure food safety in low-income developing
countries should be geared toward providing information and education, as well as infrastructure and training, particularly in low-income countries where informal
food markets are predominant. While the risks can be
minimized, it is prudent to argue that society cannot expect zero risk when it comes to food safety—implying
that policy makers together with scientists and the food
industry will have to make efforts to define what an acceptable level of risk may be.

Addressing Nutrition Problems: What Needs to
Be Done?
The insufficient gains in reducing food insecurity and
undernutrition coupled with the emergence of new dietrelated diseases calls for a reform of the current policy
regime designed to address overall malnutrition. The
complexity and speed of change of nutritional problems
today in the context of the rapidly changing global food
systems pose important challenges for policy makers.
The coexistence of underweight and overweight people
in countries throughout the world has widened the scope
of nutrition problems. Although these problems often occur in the same society, the common approach has been
to deal with them independently. Because of the rapidly
changing nature of nutrition-related problems, with
countries moving along a continuum from undernutrition to overnutrition, intervention strategies have tended
to evolve in a rather haphazard way.
Few countries have launched multisectoral initiatives
on the double burden of malnutrition. In several middleincome countries, efforts to eradicate undernutrition have
sometimes resulted in an increase in the prevalence of obesity. It is therefore important that public health programs
simultaneously address both underweight and overweight.
China is one of the few countries that has established a
multisectoral approach that addresses both sides of the
nutrition problem (ESCAP 2005). (See Box 17.8.)
While nutritional problems faced by both developing and industrial countries are distinct, evidence shows
that the progression of nutritional status in all countries
follows a similar course. Today there is an overlap of
health issues, many of which are interrelated and span
both categories of countries.
There are several valid justifications for policy reform
specifically designed to address the problem of malnutrition:
• Scale and pace of malnutrition problems: The pace of
change of nutrition problems is accelerating and the
challenges are daunting. There are new dimensions to
the problem of malnutrition. The epidemic of obesity
and noncommunicable diseases is spreading at a fast
rate from industrial to developing countries, with the
poorest sections in both groups of countries affected
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Box 17.8. China’s National Plan of Action for Nutrition
Since the 1990s there has been a coordinated effort between
the government of China and experts in multiple sectors to
address problems related to nutrition. In 1997 the Chinese
authorities elaborated a National Plan of Action for Nutrition
aimed at alleviating hunger and nutritional deficiencies by securing adequate food supplies; by reducing the incidence of
energy-protein malnutrition; and by preventing, controlling,
and eliminating micronutrient deficiencies. At the same time
the plan aimed to improve the general nutritional status of
people and prevent diet-related noncommunicable diseases
through proper guidance on food consumption behavior,
improvements of dietary patterns, and promotion of healthy
lifestyles.
The plan provides for a comprehensive and integrated set
of policies and interventions that go beyond the health sector.
It strengthens intersectoral cooperation and sets targets for
agriculture and processed food production. It addresses adjustments to the agriculture structure (e.g., to increase poultry
and fishery production as well as vegetable, fruit, and soybean production).
Source: ESCAP 2005, Zhai et al., 2002.

most. Many poor countries are beginning to suffer
from the double burden of undernutrition and obesity.
• Meeting the Millennium Developments Goals
on poverty and hunger: Persistent malnutrition
is contributing to the failure of the international
community to meet the first Goal—halving poverty
and hunger. Unless policies and priorities are
changed, many countries, particularly those in subSaharan Africa and South Asia, where hunger is
prevalent, will not be able to achieve the Millennium
Development Goals.
• High economic and social costs: Malnutrition
imposes high economic and social costs.
Undernutrition, obesity, and diet-related diseases
have reached worrying proportions, intensifying in
low-income countries, and the trend indicates that
the epidemic has yet to reach its peak. Costs related
to malnutrition will be a major burden for future
generations.
Policy has a potential role in diminishing problems associated with malnutrition. In general, policy interventions can be categorized into those that either enhance
or reduce the production and consumption of certain
foods. Interventions may also be targeted at particular
stakeholders, such as vulnerable groups, consumers, and
the food industry. Table 17.2 gives a general overview of
various policy options that can be applied to different
nutrition problems.

Given the multifaceted nature of malnutrition there
are likely to be trade-offs, implying that policy makers
will have to make informed decisions. A single intervention can have different outcomes for people at risk from
undernutrition than for those at risk from overnutrition,
for urban compared with rural populations, or for the
poor relative to the rich.
Diets in middle-income developing and industrial
countries are changing or have changed—with livestock
products being implicated as central to these changes.
On the other hand, diets in low-income countries have
not improved much. The importance of livestock products to human diets poses a number of policy challenges,
and therefore any policy that aims to increase or decrease
the consumption of livestock products requires a careful
assessment of the likely impacts on nutritional status of
diverse groups within society.
For example, addressing the problem of overweight
and obesity in emerging economies should be pursued
without losing focus on the urgency of curtailing undernutrition. Food consumption deficits in many of these
countries are still widespread, so discouraging the consumption of certain foods such as livestock products will
deprive these groups of important micronutrients in livestock products. In addition, certain categories of individuals such as infants and children still need to consume
some foods that might be discouraged for others, such as
full-fat dairy products. The challenge will therefore be
to ensure improved diet quality through consumption of
micronutrient-rich livestock products while discouraging
excess intake of saturated fats.
Likewise, policies that encourage the consumption
of livestock products in low-income countries may fuel
additional nutritional problems. The situations in Latin
America, where hunger-oriented programs that ignored
issues of overnutrition have in fact led to increased obesity, are examples of this.
Conversely, increasing the price of livestock products to reduce consumption of saturated fats may also
affect low-income and vulnerable consumers, whose diets largely consist of cheap, high-energy, dense foods rich
in saturated fats and sugars. A tax on animal fats may
enhance the production and consumption of low-fat animal products, but the excess fat might be returned to the
food chain indirectly or exported. A case in point is poultry meat, where industrial countries tend to consume the
lean parts while exporting the fatty parts—thereby shifting the burden of disease to other countries in the form
of cheap imports. A closer review of how pricing policies are affecting dietary patterns and an identification
of how food policies could be reoriented to encourage
consumption of healthier foods or discourage excessive
consumption should be undertaken. Governments usually use direct and indirect methods to influence food
prices, from direct subsidies that lower the purchase
price to subsidies on inputs into the production process.
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Table 17.2. Matrix of policy options to combat malnutrition classified by nutritional status.

Nutritional status

Policy goal

Policy intervention

Impact

Food insecurity
and undernourishment

• Increase
availability

• Improvements in food
production and productivity
• Investment in agricultural
technology

• Increased agricultural income
• = ↑ purchasing power
= ↑ household food demand
• Increase in household food supplies from
own production
• Increased access to food, higher yields, and
reduced cost of food

• Increase
accessibility

• Promotion of income
generation activities and
employment creation
• Fiscal and food price policy
to increase the purchasing
power of the consumer

• Increased cash income
• = ↑ purchasing power
= ↑ household food demand and supplies
• Increased incomes facilitates diet
diversification

• Improve
micronutrient
status

• Dietary diversification
through production
and consumption of
micronutrient rich-foods
(e.g., livestock products)

• Improved nutrition and health status

• Increase
awareness
of nutritional
requirements

• Nutrition and health
education

• Improved utilization of food
• Improved feeding practices and promotion
of healthy diets
• Promotes diet diversification

• Alter consumer
preferences and
choices

• Information campaigns,
awareness and nutrition
education

• Ability of consumer to make informed and
healthy decisions regarding food choices
• Compels food industry to initiate change
and invest in healthy products

• Regulation of food
industry

• Mandatory food labeling
• Advertising and marketing
regulations
• Policy changes that promote • Promotes production and consumption of
healthy foods
better-quality diets and
• Standards limit access to unhealthy foods
products
• Decreases inequality in accessing healthier
• Pricing policies
foods that are generally more costly
• Food and nutrition standards

Overnutrition

• Affect availability
and accessibility

It is therefore important to understand how such polices
affect nutrition, food choices, and health.
Encouraging the production and consumption of
healthier but more costly foods such as lean meats, fish,
fresh vegetables, and fruits may contribute to food inequalities. It is therefore important to assess the range of nutrients and foods that can be affected by such policy changes.
Policy makers must be concerned about the impact of pricing policies on protein intake of poorer consumers.
Specific Responses Options on Food Insecurity
and Undernutrition
The sole focus on food insecurity in low-income developing countries is no longer a sufficient response—policy

makers need to move beyond hunger to issues such as
micronutrient deficiencies, diet quality, and health. Addressing food insecurity and undernutrition also requires
much more than just the provision of food (whether
from domestic supply, imports, or food aid). It calls for a
holistic and multidisciplinary approach.
The multiple causes of malnutrition necessitate the
adoption of a life cycle approach to address malnutrition—integrated rather than distinct intervention programs and policies that tackle the problem. This needs
to recognize the role of globalization, trade, food production and marketing, pricing, education, urbanization,
and so on. Such an approach also acknowledges the important role of different stakeholders such as consumer,
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civil society, government, and industry in promoting nutrition. It is now a well-established fact that the foundations of malnutrition are laid in early childhood and
before birth. There is increasing evidence to support the
Baker hypothesis that chronic conditions such as cardiovascular disease, type 2 diabetes, and hypertension later
in life may be associated with maternal and fetal undernutrition rather than dietary and lifestyle changes alone
(FAO 2006c).
To improve food security, it is essential to promote
policies that accelerate agricultural growth through increased investment. Particularly in sub-Saharan Africa—
where foreign exchange availability is limited, which in
turn limits food imports—increasing local production by
focusing on investment in the agricultural sector would
translate into a gradual increase in food supplies. Higher
agricultural production can improve food security by
increasing food supply for consumers, increasing rural
incomes, and contributing to economic growth. Based
on FAO’s projections, total livestock production in subSaharan Africa will have to grow at an average annual
rate of 4.2% by 2015 in order to meet the needs of the
growing population, improve nutrition, and progressively eliminate food imports.
Significant improvements in agricultural performances, however, require innovative technologies to
increase productivity. A priority action is therefore to facilitate technology transfer. But technological innovation
has limited impact if not accompanied by enabling policies and an institutional framework to facilitate policy
implementation. Improving access to inputs and services
and developing infrastructure for transporting, processing, and marketing livestock and livestock products not
only improves productivity but also encourages private
investment in the sector.
It is well established that the diets of those in lowerincome groups tend to be less diversified and of a lower
overall quality than those of higher-income groups. Income growth can therefore help improve both demand
and nutritional outcomes. As the incomes of the poor
increase, generally they will purchase more and better food. Brazil’s national program Fome Zero, which
uses structural policies such as income distribution and
income generation to eradicate hunger, is a successful
model that low-income countries can adapt. However,
it should also be noted that improvements in income
do not necessarily translate into improved nutrition—
especially if the income is spent on less nutritious foods.
There is a tendency for low-income consumers to shift to
cheap, energy-dense foods as their incomes increase.
Still, poverty is the most binding constraint to improving food security in low-income countries. Policies
that therefore improve people’s access to food by reducing poverty are likely to have the greatest gains in food
security improvements. Low-income countries can draw
from several poverty reduction interventions that have

had positive impacts on nutritional status. Programs
implemented in middle-income countries such as Mexico,
Brazil, and Thailand have incorporated nutrition components and have registered successes in improved nutrition.
An obvious and straightforward step to combat malnutrition would seem to be raising awareness regarding
nutrition and diets through information and nutrition
education. The nutrition situation is exacerbated by
a lack of nutritional information and knowledge, not
only among consumers but also across a wide range of
decision makers. Added to this are undesirable dietary
habits and nutrition-related practices, attitudes, perceptions, and sociocultural influences that adversely affect
nutritional status. Particularly in low-income countries,
increased awareness and nutrition education regarding
the health benefits of consuming livestock products, especially meat, would certainly go a long way in addressing several nutrition problems such as underweight and
micronutrient deficiencies and consequently result in dietary diversification.
Improving the quality of diets in low-income countries represents a major challenge. Increasing the variety
of food, such as foods of animal origin, is important in
enhancing dietary quality and reducing micronutrient
deficiencies. The conventional approach to hunger has
stressed increased supply of cereals as opposed to other
foods. This explains why undernutrition and micronutrient deficiency are still widespread in South Asia despite
the increase in food availability. Policies that focus on
diet quality are therefore important for addressing problems across the whole nutritional spectrum.
Specific Response Options on Overnutrition
The problems of overweight, obesity, and diet-related
noncommunicable diseases and the ways to tackle them
are much less well understood and more complex than
the traditional interventions for undernutrition. Recent
research suggests that overweight and obesity often have
earlier roots. Malnourished children are likely to become
obese later in life, and there is a growing body of evidence
that suggests that maternal food deprivation or low birth
weight may program a child to be more prone to adulthood obesity and noncommunicable diseases (WHO and
World Bank 2002, World Bank 2006, WHO 2007).
The simplistic and classical approach to overnutrition that has tended to characterize the perceptions of
policy makers—in which overnutrition is considered to
be prevalent among populations with sufficient food—
is no longer valid and is indeed a poor guide to policy.
The paradox that countries face today is that poverty
not only causes food insecurity but may also predispose
individuals to become obese and to develop chronic diseases. Altering the food environment has been a major
policy response to the obesity epidemic in many countries, with little emphasis being placed on the economic
environment of obese persons.
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Informing consumers is one of the least contentious
policy measures and can be achieved through nutritional
labeling and nutrition education. Information regarding
nutrition is particularly relevant to countries experiencing
the double burden of malnutrition. Nutrition education
is important in promoting better nutrition and feeding
practices. Many consumers are unaware of the consequences of unhealthy diets; others may be ill informed
about the benefits of consuming some foods as opposed
to others. And poor dietary habits may be a consequence
of improper dietary guidelines and recommendations.
Nutritional labeling of foods imposes costs on the food
industry and can induce producers to introduce healthier
versions such as low-fat foods. It also allows consumers
to make food choices based on valid information.
The need to regulate the food industry and foreign
domestic investment, particularly in middle-income developing countries, is greatest. These nations, especially
emerging economies, offer potentially huge new markets
for multinational food companies given the changing
incomes, increasing urbanization, and hence increasing
demand for food and changes in food preferences with
a shift toward more westernized diets. Food processing
and marketing policy changes are therefore crucial in determining patterns of food consumption, rather than policies centered on individual responsibility for consumer
choice, and it is at this stage that governments should
intervene to ensure a supply of healthy products.
Pricing strategies can influence purchasing behavior, an indication that fiscal intervention is a plausible
component of policy to respond to overnutrition. Market interventions may consist of either taxation or subsidization to encourage or discourage consumption of
certain foods, and this may be necessary to correct the
market failures related to obesity. A longitudinal study
of food prices and consumption patterns in China found
that increases in the price of animal protein foods were
associated with decreased consumption of those foods
(Guo et al., 1999). The study also found that increasing
the price of pork would affect the diet quality of poor
consumers. It may not result in the desired effect of reducing fat intake and may in fact reduce the accessibility
to important nutrients such as iron or calcium, which
are not available in high densities in nonanimal-source
foods. Thus governments may have to subsidize low-fat
livestock products—lean meats and poultry meats—in
order to increase their availability and accessibility to
all consumers. Helping low-income consumers obtain
high-quality diets at an affordable cost may be the key
strategy for curbing the obesity epidemic among disadvantaged populations.
It is often difficult to encourage consumers to change
their eating habits toward healthier foods, especially
when unhealthy foods are easier to find, convenient,
tastier, and cheaper. Both Norway and Finland have successfully reversed high-fat, energy-dense diets in their

populations, resulting in significant decreases in serum
cholesterol levels and deaths from coronary heart disease
(Chopra and Puoane 2003). From 1985 to 2000 the real
price of fresh fruits ad vegetables went up almost 40%
in the United States, while the real price of livestock
commodities such as red meats and poultry declined by
about 4% and 5%, respectively (IATP 2006). Economic
measures that facilitate healthier food choice and restrict
consumption of unhealthy foods—such as increasing the
prices of high-density products and reducing the price of
healthier products—should be contemplated, taking into
consideration their effects on low-income groups.
A wide range of policies can directly affect dietary
choice. Particularly absent from policy recommendations targeting obesity in industrial countries is how
agricultural policies relate to health and obesity. It will
be difficult for these countries to reduce consumption of
certain food categories deemed unhealthy, such as livestock products, if agricultural policies encourage excess
production of these products and subsidize their use.
Current policy incentives for increased production of
cheap livestock products should be revised in favor of
support for production of healthier foods, such as lowfat milk products and lean meats or pasture-produced
meats. Because animal fat promotes heart disease, policies that lower fat content in livestock products would
be beneficial. The fat content in milk can be reduced in
several ways, such as the use of breeds that produce milk
with lower fat, altering feed to lower total fat content
of milk, or lowering the saturated fat and increasing the
unsaturated fat content.
Consumer pressure is, and will continue to provide,
incentive for producers and the food industry to alter
production processes in order to provide products that
are safe and healthy. In this regard, consumers need to be
empowered with information and an effective regulatory
framework so they can influence food production and
processing. For example, mandatory food labels can give
consumers the opportunity to influence how foods are
produced, by exerting their consumer choice.

Conclusions
Malnutrition continues to be one of the most serious
problems facing both rich and poor countries. Similarly,
food safety risks across the entire food chain are increasingly affecting diverse socioeconomic groups in different
ways. That the problem of malnutrition is not entirely
clear-cut is obvious. And as this chapter has demonstrated, problems related to malnutrition are much more
difficult than they appear due to the complex interplay
and interactions that shape and influence human diets. It
is also true that while nutritional problems are converging across countries, there are important differences in
the causal pathways, implying that extrapolation from
the experiences in industrial countries to developing
countries may not be an appropriate response.
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Nutrition trade-offs associated with policies that
act as an incentive or disincentive to the production or
consumption of livestock products present a challenge
to policy makers, particularly in developing countries.
Thus nutrition policy will need to carefully consider the
likely nutrition impacts of various options. Comprehending these trade-offs as well as evaluating the likely
losers and winners is central to addressing the current
nutrition challenge.
There is growing evidence that a combination of
policy approaches is a prerequisite for addressing malnutrition. Policies that integrate various aspects of health,
food production, processing, and marketing as well as
nutrition education and awareness will be fundamental
to achieving this goal. The identification of multidimensional policies that help address the problems of undernutrition and overnutrition simultaneously are crucial,
given the possible nutrition trade-offs associated with efforts to overcome one or the other. To date, no existing
programs are expressly designed to address these combined problems. The challenge for policy makers will be
how to integrate all the efforts that target these problems
individually into a coherent prevention strategy capable
of changing the unhealthy aspects of the environment
and reversing current trends.
Similarly, strategies to implement these policies are
required at all levels: local, national, regional, and global.
Different actors and diverse sectors need to be brought
together in order to achieve synergies in results, avoid
duplication, and save on the already scarce resources as
well as raise the profile of nutrition on the policy agenda.
More attention needs to be placed on how policies in
diverse sectors affect nutrition, food safety, and human
health. These efforts must, however, be coupled with
appropriate and effective institutional arrangements
at various levels. Most important, in order to improve
responses to nutritional problems a coherent research
agenda is needed to better understand the dynamics of
malnutrition.
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Responses on Emerging Livestock Diseases
Anni McLeod, Nick Honhold, and Henning Steinfeld

Main Messages
• New livestock diseases are emerging and spreading
and old diseases are moving to new locations, driven
by changes in production and marketing systems,
human demographics, and environmental pressures.
The diseases themselves and the measures used to control
them have considerable economic and social costs and are
in turn leading to changes in the structure and management
of the livestock sector. Animal health systems are straining
to meet the challenges placed on them.
• Responding to emerging and changing diseases
requires improved capabilities in several areas:
anticipating and understanding problems so that prevention
and control measures can be well planned; taking
preventive action to minimize risks and impacts of diseases,
including biosecurity measures in farms and markets and
restructuring of market chains; and responding quickly
and effectively to disease threats when they occur so that
surprises do not become crises, as well as recovering from
animal health emergencies when they have been contained.
• Existing response systems suffer from weaknesses in
several important areas:
– The state has retreated from animal health, withdrawing
funding and failing to update regulations.
– There is a large dichotomy between countries in the
global export network, whose systems are relatively
well funded and where regulations and approaches
to prevention and control are harmonized, and poorer
countries, where investment and regulation are
inconsistent. Each system has its own problems and
each causes problems for the other.
– There is also a growing dichotomy between rich and
poor livestock keepers, with the latter being excluded
from markets and lacking access to the services that
might help them with markets. Investment tends to be
skewed toward the richer parts of the livestock sector.

• An improved response would acknowledge that
emerging animal diseases are not susceptible
to simple, technology-driven solutions. It would
bring more transparency into surveillance and disease
intelligence, engage a wider range of disciplines, increase
investments in minimizing risks and impact, and improve
the speed of response by a number of measures, especially
by developing more robust advance plans and building up
surge capacity.

Introduction
The intensification of farm animal production, housing conditions, and the management and handling of
animals, together with broader demographic trends
such as urbanization and the movement of people and
animals, have all contributed to creating an environment in which livestock disease is a constant challenge
(see Chapter 11 and Chapter 2). This chapter focuses
on the responses to two categories of livestock disease
that are causing a great deal of concern and economic
damage: emerging diseases and those that are changing their location. Recent experience has shown that
even the best-prepared animal health system can be
taken by surprise—and that the global animal health
system is by no means universally well prepared.
Livestock diseases emerge or change their distribution for reasons related to biology, production and marketing systems, and trade patterns. As described in earlier
chapters, globalization, urbanization, and intensification
of systems (particularly monogastrics) have been particularly important. Diseases are able to spread widely and
to become persistent when animal health systems (public
and private) lack the capacity to accommodate changes
and respond rapidly and effectively—and sometimes
when even good capacity is overwhelmed by a new set
of circumstances. In the longer term, there is potential
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for both globalization and urbanization to contribute to
improved animal health, since the wish to stabilize trade
necessitates international regulations and private-sector
agreements on good practice, but this potential has yet
to be realized.
In spite of the efforts that have been made by governments, the international community, and the private
sector to contain livestock diseases, they continue to be
a problem. As discussed in Chapter 11, three striking examples in the past 10 years of diseases completely new to
livestock production or emerging in a new form are bovine spongiform encephalopathy (BSE) in cattle, highly
pathogenic avian influenza (HPAI) H5N1 in poultry, and
Nipah virus in pigs. A recent example of a known disease
being spread to new livestock populations is bluetongue,
a disease of sheep and cattle transmitted by Culicoides
midges. Rift Valley fever is another disease that appears
to be changing location. Known diseases that periodically reinfect livestock populations in which they had
been eradicated include foot-and-mouth disease (FMD)
in ruminants and contagious bovine pleuropneumonia
(CBPP) in cattle.
The capacity of animal health systems to respond
to these diseases is critical in limiting their spread and
persistence and hence improving the productivity of livestock. Systems must be able to deal with the human and
institutional dimensions of disease spread as well as the
technical challenges. There are three opportunities to
respond to a disease that is emerging or changing location. The ideal time is when the disease agent first enters
the livestock population. A swift and effective response
at this point causes minimum economic and social disruption; however, it is hard to achieve, requiring a very
strong response capability and an element of luck. The
next possibility is to contain the disease as it is spreading through the livestock population. This tends to be
much more expensive and disruptive, as demonstrated,
for example, in the eradication of FMD in the United
Kingdom in 2001; the disease was eradicated but only
with considerable direct damage to livestock owners and
collateral damage to tourism. If both opportunities are
missed, the disease becomes established and persists in
the population, the state known as “endemic.” Eradicating an endemic disease is a long, slow process. The way
in which the initial response is handled has an important
impact on the persistence of the disease. Nipah virus was
eradicated in Malaysia, for example, but arguably the
response would have been faster if it had been treated as
a serious problem from the start.
In some cases, eradication would require actions that
could be environmentally damaging or are impractical to
implement under prevailing conditions; this is often the
case for disease carried by vectors like ticks and midges.
Diseases that should be controllable can persist when animal health systems are unprepared, so that the disease
is not recognized, reported, and dealt with quickly. This

is particularly likely to happen with vectorborne diseases
like bluetongue, where eradication of the disease agent
can only be assured by eradicating the vector or keeping
it away from infected livestock over a prolonged period.
The only viable option may be to vaccinate all animals at
risk so that although the disease agent remains in the environment for many years, livestock are protected from
getting clinical disease.

Current Responses
Responses to livestock disease threats are the actions
taken to prevent or control diseases or to reduce the
damage from livestock disease. Good response systems
are built on underlying capabilities in animal health systems, supported by factors in the wider political economy
(Rushton et al., 2006). To reduce the problem and cost of
emerging diseases, four types of response capability are
needed. They must all be working well and supporting
each other if an animal health system is to be effective:
• The capability to anticipate and understand problems
so that prevention and control measures can be well
planned for an effective response that minimizes
economic and social damage
• The capability to take preventive action to minimize
risks and impacts of diseases
• The capability to respond quickly and effectively to
disease threats when they occur so that surprises do
not become crises
• The capability to recover from animal health
emergencies.
Anticipating and Understanding Disease Threats
The capability to anticipate and understand livestock
disease threats has three elements: predicting problems
that may occur, finding problems quickly and reporting
them when they do occur, and analyzing the source and
spread of disease so that an appropriate response can be
made:
• Predicting problems that may occur allows steps
to be taken to prevent them and to plan an
effective response that minimizes economic and
social damage. Prediction may involve qualitative
assessments by experts or mathematical modeling,
and it requires data together with multidisciplinary
expertise and technology to bring together a wide
range of variables and understand what they might
imply for possible disease trends and shocks.
• No matter how effective the prediction system is, it
will never anticipate or prevent every problem, so
it is even more important to have the capability to
find new disease problems as soon as they do occur
and before they spread too far. This means a very
effective frontline system for seeing and reporting
disease.
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• Finally, when a problem is identified it is essential
to be able to analyze the nature of the problem
accurately and quickly so that the most appropriate
control strategies can be put into place. This requires
a strong epidemiological capability to make the best
technical diagnosis of the problem, together with a
capacity for social and economic analysis to assess
the likely impact of proposed control measures on
different stakeholder groups and suggest how the
costs might best be shared.
• The ability to communicate is important throughout
these processes, in order to learn from stakeholders
what they know and what concerns them and to
provide information about risks and threats to
anyone who may need to take action.
Predicting and finding problems is accomplished by activities with labels like “horizon scanning,” “disease
intelligence,” and “surveillance.” Analyzing problems
comes under the heading of “risk analysis,” which is well
established as a methodology (OIE 2003).
• Horizon scanning is mostly about prediction, and it
encompasses the looking-forward exercises carried
out by governments, the international community,
and large private companies that involve a wide
range of parameters, a long time horizon, and a
number of scenarios to explore what the future
might hold and what this might imply for their
policies and strategies. Horizon scanning related
to disease control might examine the impact of a
major global trend such as climate change (FAO
2008), the possible development scenarios for the
global livestock sector (Freeman et al., 2006), or the
factors in the economic and social environment that
could affect disease risk. The U.K. Department of
the Environment, Food and Rural Affairs defines it
as “the systematic examination of potential threats,
opportunities and likely future developments which
are at the margins of current thinking and planning”
(DEFRA 2008).
• Surveillance systems look for disease when it occurs
and provide information about suspected and actual
outbreaks. They are the first line of defense in
understanding disease.
• Disease intelligence is the term used to cover
activities that “boost awareness of disease threats
and developments that may otherwise remain
unknown” (FAO EMPRES 2002). In this it
overlaps with both of the previous activities in that
it includes looking for disease, using information
from government surveillance systems and other less
official sources, as well as analyzing existing disease
problems and making predictions of new ones. It
tends to be narrower in scope than horizon scanning
and focuses mainly on factors with an immediate

link to disease threats. The EMPRES watch bulletins
put out by the United Nations Food and Agriculture
Organization (FAO) are an example of international
disease intelligence.
Sources of Information

Horizon scanning, surveillance, disease intelligence, risk
analysis—all of these activities need data and information. There are a great many animal health databases
of varying quality and accessibility held by national
governments, private companies, and international
organizations.
All national governments have some kind of animal
health information system to store national disease data.
Countries that consider international trade a priority
invest most and have the best developed systems, while
those that are poor and have very dispersed or diverse
livestock systems have the least capacity. The way that
data are collected and verified and the extent to which
decentralized systems are able to transfer data between
locations and transform it into useful information affect
the value of what is available. Information technology is
making systems faster and cheaper, but the critical human element that encourages people to report has received less attention (Dung et al., 2006). The best disease
information of all comes from livestock keepers who
see their animals regularly, but little of this information
finds its way into official systems. Also, many systems
do not record negative findings, even though negative information is a good indicator that a system is active and
functioning.
Large companies also have their own disease intelligence networks, and well-run commercial farms have
herd recording systems that record clinical signs and analyze productivity to indicate when there may be problems. However, these records are private and may not be
accessible.
Internationally, several official systems exist, such as
the World Animal Health Information Database (WAHID) of the World Organisation for Animal Health
(OIE); the Global Early Warning and Response System for Major Animal Diseases, including Zoonoses
(GLEWS) collaboration between FAO, OIE, and the
World Health Organization; the OFFLU laboratory network (the joint OIE-FAO network of experts on influenza); and the FAO Emergency Prevention System for
Transboundary Animal and Plant Pests and Diseases
(EMPRES). WAHID stores and makes public information about official outbreak reports; its main function is
to collect information from many countries so that disease alerts are widely publicized. The quality of the data
is only as good as what countries have available and are
prepared to report. The GLEWS information system has
a database of official case reports and unofficial information from a variety of sources and is shared between
international agencies, with limited access to the most
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sensitive information. The OFFLU laboratory network
allows international reference centers to share information and the workload of testing samples for avian influenza. EMPRES uses disease tracking and modeling to
attempt to predict problems. In addition, the informal
Promed system is an electronic mailing list where individuals send in reports. A certain amount of peer review
goes into the system, and it is widely used.
Communication

Communication is an essential tool for anticipating and
understanding emerging disease threats. Surveillance systems rely on individuals and companies communicating
with governments when they see something suspicious,
yet people are unwilling to report a suspicion of disease
if they fear the consequences of doing so, believe that
there will be no response, or have no easy way to make a
report. In industrial countries and those emerging economies that trade on the world market there may be an
initial reluctance to report a suspected new disease until
it has been confirmed as a problem, in order not to create
panic among consumers or trading partners. There may
be social reasons for not wanting to interrupt a market at
a critical time such as a major religious festival. The OIE
regularly expresses concern to its members about late or
insufficient reports of outbreaks.
In disease intelligence and horizon scanning, communication between organizations and disciplines is needed
to validate information and relate disease problems to
changes in economies, social systems, and ecologies.
Communication is also necessary to inform people
who make their living in the livestock sector as well as
the wider public about the nature of disease risks. This
is important for any emerging disease but particularly
critical (and sensitive) for zoonotic diseases, which may
pose a direct danger to people. In the first stages of a
new zoonotic disease threat, consumers are understandably concerned about the threat to their health; many
will severely reduce their consumption of products from
the species of animal affected, creating a market shock
that may cause more economic damage than the disease,
while the poorest consumers may take advantage of low
prices and consume potentially unsafe food. The market
shock effects have been very marked for HPAI and BSE,
manifested as sharp demand drops in some countries
and instability in international markets (Morgan 2006).
FMD, by contrast, causes market instability because of
trade bans but does not lead to market shocks from consumer panic.
Information asymmetries add to the problem when
individuals are unable to obtain or interpret information
adequately to make informed choices or when one party
has access to private information that is not shared. Consumer response and the size of market shock are partly
dictated by access to alternative products and food habits and partly by confidence in the food safety system.

The media often exaggerate response, for instance, to
zoonotic disease, although in some cases, such as Turkey’s response to HPAI, it may be harnessed to provide
in-depth information to allow consumers to make a
more informed choice.
Existing Capacity to Anticipate and
Understand Diseases

There are few examples of consistently good systems for
understanding disease threats, and none in developing
countries. While a great deal is known, recorded, and
stored in different places, overall the systems are not well
“joined up,” and there are significant gaps both in data
and in the analytical expertise applied to it. The most
developed systems have dedicated epidemiological or information units staffed with experienced analysts who
are consulted by planners and policy makers. Many of
the poorer countries have tried to establish these units,
but they have failed because of lack of data, lack of interest in their findings, or lack of trained staff to give
continuity.
It is also difficult to measure success because a successful outcome often means that something does not
happen, while any failures are highly visible. A system
may work very well most of the time and occasionally
fail very badly. The U.K. government provides just one
example of this. It has a generally strong capability for
understanding disease problems. It has a comprehensive
horizon-scanning program that looks at human demographics, trade patterns, and other factors that can influence the level of disease threat long and short term and
has certainly averted many problems or reduced their
impact. It also has a good capability for spotting disease
problems, as was demonstrated by the rapid discovery
of FMD in 2007, and it is capable of very rapid problem
diagnosis, as in the case of BSE.
Yet flaws in the system were revealed by the FMD
outbreak of 2001. The introduction of FMD into Europe
was expected, and countries had been urged in 2000 by
the European Commission for the Control of FMD to
reappraise their FMD control strategies. But at the time
the expert consensus was that the most likely route of introduction was through southeast Europe (FAO EMPRES
2002). In fact, FMD was found in northwest Europe, specifically the United Kingdom, with the most likely source
being illegally imported meat. The outbreak was detected
approximately three weeks after the initial infection, and
by the time a national movement ban was introduced 74
cases were incubating. The subsequent control plan was
driven by an inaccurate database of animal locations and
movements, which resulted in an unnecessarily extensive
culling program (Taylor et al., 2004).
Another less dramatic example comes from Malaysia, a country with a good record of livestock disease
control in recent years. The Nipah virus outbreak in 1999
was controlled quite quickly once it was taken seriously,
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but it took some time to come onto the national radar,
for reasons that appear to have been more sociopolitical
than technical (Vu 2009).
In contrast to these two examples, from countries
where understanding of disease problems is usually quite
good, national animal health information systems in most
developing countries are patchy and poorly funded. Even
when a computer system is in place to store and analyze
data, if the front-line surveillance is not well resourced
and well run, disease intelligence suffers badly. This lack
of capacity has contributed to diseases spreading and
becoming endemic. All the countries that currently have
endemic HPAI had a combination of complex production systems and an initially slow response. Several of the
areas where CBPP is spreading have large populations of
pastoralist cattle whose owners have limited confidence
in animal health services and are more likely to treat the
disease than to report it.
Understanding of global disease problems is especially challenging, particularly where there is considerable scientific disagreement or uncertainty or where high
present costs of prevention are balanced against possible
problems at some uncertain future date. HPAI was identified as a risk to people in the late 1990s, and the outbreaks in Hong Kong in 1996 and 1997 were a fairly clear
warning signal, but the threat was not understood by the
global animal health community, and little was done by
countries in the region to prepare for the disease. Following the 2003–04 wave of outbreaks in Southeast Asia
and heavy losses from poultry deaths and culling, high
levels of investment and effort were made by Thailand,
Viet Nam, and China, and the international community
provided a very large amount of emergency finance. By
then, though, the disease was spreading worldwide.
Anticipating emerging diseases or finding a new disease quickly enough to deal with it effectively increases
the chances of mounting a rapid response and controlling it with minimum damage. The best response of all
takes place in a well-prepared livestock sector that has
taken preventive action, as described in the next section.
Minimizing Risks and Impacts
Three measures that can minimize the risk of emerging
and changing diseases are preventive vaccination, biosecurity, and restructuring the livestock sector. Each has
some potential to reduce the impact of diseases by preventing outbreaks or reducing their spread, but they require different levels of investment and effort and have
different impacts for different stakeholders. What is notable about all of them, compared with other activities
discussed here, is that they require considerable privatesector commitment.
Preventive Vaccination

Preventive vaccination done by livestock owners to protect their animals is perhaps the simplest measure that

can be applied when it is done under the right conditions. Vaccination is widely used by commercial producers against endemic diseases, and in industrial countries
preventive vaccination has become more important as
the use of antibiotics has been increasingly regulated in
pigs and poultry (Glisson 2008). For emerging diseases,
however, vaccines are not always available, and if the
country is currently disease free or concerned about export, vaccination may be banned. For example, at the
time of writing, preventive vaccination against HPAI
was used in large commercial flocks in Indonesia and
Viet Nam, where flock owners paid for the vaccine, but
it was banned in Europe (except with permission) and
Thailand. FMD vaccination is forbidden for routine use
in countries that belong to the Organization for Economic Cooperation and Development (OECD) because
those using vaccination are considered to have a different
health status for trade purposes than countries free of
disease and not vaccinating.
Biosecurity

Biosecurity is perhaps the most important weapon available to protect livestock populations against emerging
and changing diseases, although it is not infallible and
must be supported by other actions.
Biosecurity measures can be put into place for a single
production unit, a market, a compartment,13 a geographical zone, or a country. While the practical details vary
greatly with the population being protected, the general
principles are the same: segregation, which means keeping healthy populations separate from those that might
endanger them, together with cleaning and if necessary
disinfection of any objects that might carry disease into
or out of a population (FAO et al., 2008a).
Regardless of the scale and scope of a biosecurity
program, it always requires a plan, investment in infrastructure or equipment, changes in behavior, and incentives and penalties to encourage compliance. If it works
well, it will reduce the number of times that disease enters
the population and will increase the chance of containing any outbreaks with minimum economic damage and
social disruption. It has a preventive effect equivalent to
making the disease agent walk through treacle. Biosecurity does, however, require investment and changes of
management practice, and they can have the effect of excluding small-scale producers and traders from markets
if made mandatory.
Biosecurity is taken very seriously by industrialcountry governments with strong, healthy livestock
1. A compartment is defined in OIE’s Terrestrial Animal
Health Code as “an animal subpopulation contained in one or
more establishments under a common biosecurity management
system with a distinct health status with respect to a specific
disease or specific diseases for which required surveillance, control and biosecurity measures have been applied for the purpose
of international trade.” See www.oie.int/eng/normes/mcode/
en_chapitre_1.4.4.htm#rubrique_compartimentation.

Copyright © 2010 Island Press. Please do not copy or circulate.

350 | Livestock in a Changing Landscape: Drivers, Consequences, and Responses

sectors and also by large companies, both of which have
strong economic incentives to reduce the impact of disease outbreaks.
In OECD countries there is a strong driver toward
biosecurity in government regulations on food safety,
which relate to both endemic and exotic diseases. For
diseases like salmonellosis and bacteria like E. coli,
which are always present to some extent in animals but
which cause illness in humans who eat contaminated
products, the approach is to gradually reduce risk to acceptable levels by testing the final product. Farms found
to be affected above acceptable levels are cut off from
markets or have their prices reduced. These diseases can
no longer be controlled by the routine application of antibiotics, so there is a strong market incentive for farmers
to apply biosecurity. Slaughterhouses are also subject to
rigorous hygiene checks and are required to apply the
hazard analysis and critical control point system.
Biosecurity against exotic diseases in OECD countries relies heavily on national border controls, backed up
by measures on farms and in transport and slaughter facilities. Diseases that have severe consequences for trade,
whether they endanger human health or not, are subject
to strict control measures (culling and movement restrictions) when outbreaks occur. This might be expected
to create incentives for farmers to apply biosecurity in
order to reduce risk. The reality is that good managers
do, but others do not. Their behavior may be explained
by the fact that regardless of the measures taken by an
individual farm, if an outbreak of a notifiable disease occurs in a neighboring farm, their animals may still be
culled and their movements will certainly be restricted.
Targeted culling restricted to dangerous contacts might
increase the incentive for farmers to make their own
farms biosecure, although there is no hard evidence to
support this supposition. There is tentative evidence to
suggest that biosecurity measures can protect farms from
infection even during an outbreak, though it has not
been widely publicized. The likelihood that farmers will
voluntarily apply biosecurity measures depends on their
perception of disease risk and their ability to affect it. In
the FMD outbreak in the United Kingdom, many farmers saw disease as something affected as much by others
(the government and the public) as by their own preventive biosecurity measures (Gunn et al., 2008).
The extent to which biosecurity measures can be applied successfully depends a great deal on the structure of
the industry for a particular species. It is easier to implement and monitor biosecurity measures in a sector with
small numbers of units organized into integrated market
chains, as the whole chain can be monitored. It is also
relatively simple in commercial pig and poultry systems,
where the animals can be kept in small areas and mostly
indoors for their entire life. It is much more difficult in
extensive livestock systems.

For the most successful companies, continuous investment in segregation and cleaning is a normal part
of business, and they will upgrade their systems as often as needed to keep up with, or even ahead of, market
requirements. Those with valuable breeding stock, in
particular, apply very strict biosecurity rules. The biosecurity plans of world-class companies can be regarded
as the gold standard.
Denmark, for example, has programs to control
salmonellosis in broilers, pigs, and layers of table eggs
that rely on cooperation between the government and
the livestock industry (Bager and Halgaard 2002) and
are funded almost entirely by the industry (Wegener et
al., 2003). Control in pigs is driven by meat juice testing
at abattoirs, with each tested farm given a quality standard that determines how the pigs are slaughtered and
the prices that their owners receive. It is possible to do
this because pig production is tied into regulated market
chains where individual carcasses can be identified from
the farm to the end of the slaughter line.
The poultry sectors in industrial countries, consisting mostly of industrialized and highly vertically integrated value chains, have also found it relatively much
easier to protect themselves against HPAI outbreaks (although not against indirect trade impacts). By contrast,
in countries like Egypt, Indonesia, Nigeria, Viet Nam,
and China, where large-scale and small-scale systems
intertwine in complex market chains, there is great difficulty in applying adequate biosecurity at enough points
along market chains to break disease transmission. In
small poultry flocks, biosecurity measures are less likely
to be applied and less affordable, and they have received
less attention and support than large commercial units
(FAO et al., 2008a).
Biosecurity is a very different concept in extensive
systems. Here, animals cannot be shut up to keep them
away from infectious agents, but they may be segregated
by distance or by movement. Almost all extensive grazing systems, whether nomadic on public grazing lands or
ranching on large private ranges, use movement as a way
of sustaining food supplies and reducing disease threat.
Disease is controlled by keeping herds separate, keeping
new animals away from existing ones for a quarantine
period, and moving animals around. These bisoecurity
measures break down when systems are put under pressure from reduced grazing land or drought, or when animals are brought together for vaccination campaigns or
sale.
Restructuring

The most extreme approach to preventing disease risk is
“restructuring” the livestock sector. A simple definition
of restructuring is “deliberate action with government
involvement to change the shape of market chains.” This
may imply the following:

Copyright © 2010 Island Press. Please do not copy or circulate.

Responses on Livestock Disease Issues | 351

• Functional concentration, resulting in fewer but
larger production, slaughter, and retail units
• Geographic concentration or relocation of premises
• Integration of market chains, with control in the
hands of large companies
• Direct or indirect action for relocating or “zoning”
(McLeod 2007).
The important consequences of restructuring include the
following:
• Premises are often moved from a place where they
are considered to create an animal or human health
risk
• Chains of different types, which may create risk for
each other, are separated
• People change their function and relation with others
in the market chain
• Contractual relationships often become more rigid.
Restructuring can be driven by economic realities, and
these have played a large part in the changing shape of
the Chinese poultry sector (Bingsheng and Yijun 2007).
It may also occur when regulations are changed that
make it difficult for certain types of operation to continue. When swill feeding of pigs was regulated and
eventually banned in the United Kingdom to reduce the
risk of classical swine fever, it made backyard pig keeping uneconomical. The pig sector became functionally
concentrated when backyard herds vanished, it become
geographically concentrated because larger commercial
units tend to be located in arable areas near feed sources,
and it has also become more integrated, with many producers operating under contract.
Restructuring may also be driven by zoning regulations; for example in Jakarta, Indonesia’s capital, poultry keeping was banned within 25 meters of a residence
by a governor’s decree issued in early 2007 (ICASEPS
2008). Since most of the flocks kept in city limits were
very small, this regulation is contributing to functional
and geographic concentration of the sector.
Restructuring combined with good biosecurity and
the provision of animal health services changes the nature of emerging disease control, because it means that
disease intelligence and initial response activities must
deal with fewer premises, but each individual larger
premise may pose greater risks of spread and be logistically more difficult to deal with if it becomes infected.
If done without adequate preparation in places where
livestock are making an important contribution to the
livelihoods of the poor, restructuring can cause livelihood distress (ICASEPS 2008). It usually requires investment in basic infrastructure by the government and
in upgrading of premises by their owners, and it can be
expensive. Egypt, Indonesia, Nigeria, Viet Nam, and

China are exploring the possibility of restructuring their
poultry market chains to improve biosecurity and make
disease prevention and control measures easier, but this
carries the risk of excluding small-scale producers from
the market—a possible trade-off between the food safety
and the food security of poor households.
Responding Quickly to Disease Threats
Regardless of the efforts made to anticipate and understand animal health problems, diseases still emerge and
change their location. Even the best prepared countries
and industries must be ready for surprises. This means
that they must be able to see and verify a problem and
admit that they have one, as discussed in the previous
section. They must have strong contingency and operational plans in place, supported by legislation. They must
be able to mobilize finances, people, and equipment to
move very quickly if an outbreak needs to be controlled.
And they must have a recovery plan to follow the emergency action.
Contingency Planning

Contingency planning for emerging and changing livestock diseases is a government-led activity, and any emergency response activities are coordinated, managed, and
mostly funded by government agencies. Well-organized
animal health systems have contingency plans in places
for the major known diseases, based on objective risk
assessment and backed up by policies and legislation.
For example, detailed information on contingency and
operational planning can be found on the Animal Health
Australia Web site.
Canada has, at the time of writing, a list of 32 reportable livestock diseases under the Health of Animals
Act that is published on the Food Inspection Agency
Web site. Animal owners, veterinarians, and laboratories
are required to immediately report suspect cases, triggering control measures (Canadian Food Inspection Agency
2008). An even longer list of notifiable diseases must be
reported but do not trigger emergency action in Canada.
The Health of Animals Act covers quarantining of premises; restrictions on import, export, and sale of animals;
disposal of carcasses; culling and compensation; setting
up of control areas with restricted movement; and the
rights and responsibilities of individuals and government
agencies for various actions that may be required to control outbreaks. When a new disease is identified as a serious threat, it is added to the list of reportable diseases
and is then covered by the Act.
In countries where the livestock sector is industrialized, it has influence over government disease control
strategies as well as private business contingency plans.
In Australia, for example, the animal health emergency
plan details how risks and responsibilities are shared between the government and the private sector.
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Contingency plans lay out broad structures and
control methods. There is also a need for detailed operational plans (sometimes known as standard operating procedures), which lay out in detail how various key
operations are to be carried out, particularly in the field
(e.g., Ausvetplan 2008, DEFRA 2007). Some countries
do not have comprehensive animal health contingency
plans, or if they have plans these are not backed up by
legislation or operational plans.
The avian influenza emergency has highlighted this
deficiency. Between 2003 and 2007, national contingency plans for HPAI control were prepared in all the
most-affected countries and several other developing
countries, but by December 2007 legislation and regulations were still lagging behind needs (UNSIC and World
Bank 2007). Some of the existing contingency plans are
accompanied by full operational plans but many are not,
some include compensation and some do not, and most
could not be fully funded from national resources. By
contrast, industrial countries had plans in place quickly
and funding to back them, drawing on previous experience and existing plans for other diseases.
Contingency plans should be developed before they
are needed. One reason for this is that plans tend to be
better if they are not produced in a hurry. Good contingency plans require good livestock sector data, which
may not be immediately available, and they may require
models, which need time and field data to be validated.
Preparation in advance also leaves time to test plans
with simulation exercises, train staff, and ensure that resources will be available when needed. Well-organized
veterinary services routinely follow these practices; however, the contingency plans for HPAI were developed in
many countries after the first outbreak, and simulation
exercises have been initiated only quite recently and not
in all countries at risk.
Another reason for advance planning is that it is
generally acknowledged that stakeholders should be
consulted about policies and plans. In industrial countries, this is often a requirement. Elsewhere, it may not
be required, but there is still an increasing awareness
that it should be done. In India, for example, the state of
Madyha Pradesh is considering an electronic consultation on the next livestock development plan, so that even
remote communities can be aware of what is proposed.
Some responses in HPAI-affected countries have been
hastily implemented with little consultation, and this has
resulted in poor implementation and probably unnecessary loss of livelihoods (Geerlings et al., 2007, ICASEPS
2008).
In recently decentralized systems or those that are
poorly funded or where the central and decentralized
parts of the system do not work well together, there are
particular challenges in recognizing and dealing with
emerging diseases. The decentralized parts of the system

may not have a capacity to deal with an emerging problem, and several layers of reporting and action may be
required to mount a sufficient response. There is likely
to be a central contingency plan but no local operational
plan or funding to back it. For example, Indonesia and
Viet Nam, which have decentralized systems, experienced problems with compensation in HPAI control. In
Viet Nam, the costs were shared between the center and
the provinces. Some provinces elected to pay only a very
small amount, resulting in different rates being paid in
different places for the same type of culled birds (Tuan
2007). This is being resolved through policy revision. In
Indonesia, funds were made available at the central level
for compensation but they were hard to get at the local
level, and many farmers whose birds were culled did not
receive compensation (Vadjnal and Hartono 2006).
The international community supports contingency
planning through guidelines and technical support missions. The World Animal Health Organisation’s Performance of Veterinary Services (PVS) tool helps countries
evaluate the performance of their veterinary services.
FAO’s Good Emergency Practices toolkit provides guidelines for emergency contingency plans and recommends
that animal health emergencies should be recognized in
national disaster planning to facilitate rapid mobilization of resources. Guidelines for operations planning
are under development. Animal health standards defined
through the OIE and laid out in its Terrestrial Animal
Health Code are recognized in World Trade Organization trade disputes. They include the standards required
for certain laboratory tests and the steps by which a
country, zone (geographical area), or compartment can
be internationally recognized to be free of particular diseases. Codex Alimentarius performs a similar function
for food safety standards, providing reference guidelines
toward high standards.
Private standards for food safety imposed by global
retail chains can be even stricter than those proposed by
Codex, with the aim of creating food chains with close to
zero risk of consumer illness or market disruption. The
concept of private–public partnerships for sharing risks,
responsibilities, and benefits has been popular for a long
time, although mostly in national initiatives. Initiatives
that encourage collaboration between large industry
players and producers in developing countries include
the Sustainable Agriculture Initiative platform and Safe
Supply of Affordable Food Everywhere.
Assuming that contingency and operational plans
are in place, a successful response to a new disease outbreak depends on speed of the initial response; good
knowledge of both the disease and the livestock sector,
so that the initial response is an appropriate one; and
well-defined trigger points to determine when the disease
has spread too widely to be eradicated quickly, which
will require additional and longer-term measures.
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Initial Response

Under ideal conditions it is possible to stamp out a new
outbreak rapidly by means of culling and movement control. Ideal conditions would include a well-organized and
well-resourced veterinary service, good knowledge of the
location and movement of animals, the ability to trace
back disease outbreaks to their source, and a disease
that is not spread by insect vectors or wind. Since these
conditions rarely apply, even stamping-out exercises that
are ultimately successful in controlling outbreaks can be
protracted, expensive, and highly socially disruptive. Examples include FMD in the United Kingdom (National
Audit Office 2002), CBPP in Botswana (Mullins et al.,
1999), and classical swine fever (CSF) and HPAI in the
Netherlands (Meuwissen et al., 1999, Geerlings 2006).
The impact on different stakeholders may also be very
different. A prospective analysis of CSF control in Viet
Nam, for example, suggested that movement control
would affect producers very badly but traders very little
(McLeod et al., 2003).
Other examples with happier economic outcomes
include the most recent FMD outbreak in the United
Kingdom and an FMD outbreak in Uruguay that was
controlled partly by use of vaccination (Leslie et al.,
1997). It is interesting that both Thailand and Viet Nam,
having failed to control HPAI by widespread stampingout methods, have chosen to change their strategies;
Thailand has combined limited culling with detailed surveillance, while Viet Nam introduced wide-scale vaccination. The control of bluetongue in the United Kingdom
was based on movement control rather than culling, and
vaccination was introduced as soon as a suitable vaccine
was available in sufficient quantities.
Governments with poorly resourced animal health
systems face many problems in mounting an initial response. Their response tends to be late and limited, allowing diseases to spread and, if conditions permit, to become
endemic. As well as facing severe limitations in mobilizing resources, many face problems of large distances and
insufficient infrastructure. In many developing countries
there is chronic underprovision of information and basic
animal health services to the poor, increasing the possibility that a disease may emerge, cause damage, and
spread through a large part of the population before it is
detected. The fact that many reports are not acted on is
also a disincentive to reporting and so finding the disease.
While the first response to an emerging disease should
be managed by the government veterinary service, it is
often carried out by private sector animal health practitioners. These include former members of the veterinary
services filling public-sector gaps, together with paravets
who may be fully private, partly supported by local
government, or partly supported by nongovernmental organizations (NGOs). Some paravets are very well
trained, while others are not; they are not always clearly

identified, and their clients have no objective reference
on their competence. In many countries paraprofessionals have no clear position in the animal health system. All
these factors weaken the emergency response systems.
Buying Time

For a limited number of diseases with a really effective
vaccine already available, vaccination can be the main
measure to contain an outbreak. For others, vaccination
can still be a useful measure to buy time when stamping out is likely to be become ineffective in halting the
spread of an outbreak or widespread culling is too economically damaging. Vaccination was used as one of the
control measures for the FMD outbreak in the Netherlands in 2001 when it became evident that the veterinary service had insufficient human resources to handle
wide-scale culling (Bourma et al., 2003). It works well
in the right conditions, which would include an effective
delivery system and an easily applied vaccine that confers long-term immunity (McLeod and Rushton 2007).
However, even when capital costs are low because the
delivery chain is already in place, the recurrent costs can
be high, and there may be a delay in producing a vaccine for an emerging disease. For diseases like FMD and
HPAI, in which the virus mutates quite frequently, the
vaccine strain must be monitored and updated.
The highest costs and lowest coverage occur where
the vaccine must be injected rather than given orally and
needs to be delivered through a cold chain, as is the case
with both FMD and HPAI. For maximum protection,
HPAI vaccine must also be injected twice, adding to its
cost. Both China and Viet Nam introduced widespread
vaccination against HPAI after an initially rapid spread
of disease and heavy losses from death and culling and
have continued to use it preventively in the face of continued disease threat. Viet Nam is trying to move to a
more targeted strategy with a defined exit plan, but it is
now experiencing new outbreaks, many of which are reported to have been in unvaccinated ducks. The animal
health system is also experiencing “vaccination fatigue,”
as much of its human and financial resources have been
taken up with campaigns. Indonesia also uses vaccination in part of its poultry flock, but it has experienced
problems in keeping track of changes in the virus and
updating vaccine strains accordingly.
Vaccination was an important and eventually successful part of the program that eradicated rinderpest from
Africa. Initially, mass vaccination campaigns were used
with very high delivery costs that failed to reach animals
in more remote areas. In 1993 the strategy was changed
to targeted vaccination using community-based approaches and a thermostable formulation of the vaccine
(Roeder 2005), making it easier to deliver vaccination
even to remote communities. It took several widespread
campaigns and over 20 years to achieve eradication.
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Understanding the Livestock Sector

Knowledge of the livestock sector is critical for effective response to disease threats. Outbreaks of FMD in
the United Kingdom in 2001 and Algeria in 1999 highlighted the importance of understanding the way that
animal movements spread the disease. As previously described, the U.K. outbreak spread very fast through complex chains of interrelated markets and long-distance
movements through market chains to final destinations
because traders came from far away to buy sheep. The
one in Algeria was limited in spread, partly because it
occurred during Islamic festivals. While there was a great
deal of animal movement at the time, there was also a
great deal of slaughter, and animals were not returning
from markets to farms (FAO EMPRES 2002).
HPAI spread has also been heavily influenced by
factors in the production and marketing system. There
appears to have been a very strong correspondence between the presence of dual-crop rice systems and herded
ducks and the persistence of HPAI (Gilbert et al., 2007).
In Viet Nam, there has also been a temporal pattern
to outbreaks, with the heaviest reported incidence corresponding closely (although not entirely) to increased
production and movement before the Tet festival. Almost
every country that has experienced HPAI found gaps in
information about the location of medium- and smallsized poultry premises and the way the market chains
worked. Some are now registering farms more comprehensively or mapping poultry market chains in order to
be better prepared in the future (Siagian et al., 2006).
Recovery
All but the smallest disease outbreaks have medium- to
long-term impacts on people within the livestock sector,
and sometimes on those outside. This is why plans for
recovery and damage limitation should be part of the response planning for emergency diseases. In Canada, for
example, the province of Ontario has a plan to minimize
economic damage to the pig and cattle industries should
there be a border closure between Canada and any of its
main trading partners (Ontario Ministry of Agriculture
Food and Rural Affairs 2008).
However, there are numerous examples where this
has not been done, perhaps because the length or spread
of an outbreak was much greater than expected. In Viet
Nam, for example, after the first wave of HPAI outbreaks many small commercial producers did not restock
for many months (ACI 2006). In the Netherlands, some
companies went out of business after HPAI (Geerlings
2006). A CBPP outbreak in Bostwana took much longer
than expected to contain and resulted in the domestic
market being flooded with animals bred for export, to
the detriment of local producers (Mullins et al., 1999).
It is not easy to organize a successful recovery program. Most of the available options focus on livestock
owners and not on others in the market chain who suffer

losses, and even options for livestock owners have their
challenges. Compensation applies only to direct losses
from culling and is not available to all livestock keepers; in Indonesia, at the time of writing, only smallholders were eligible for HPAI compensation, while in
Egypt only farms above a certain size could apply. Private livestock insurance is available in only a few places
and often tied to good management. Restocking programs are difficult to implement successfully, not least
because of the problems of finding sufficiently large
numbers of suitable, healthy animals without distorting
local markets. Microcredit schemes of the kind offered
by some NGOs and the Grameen Bank may be another option, available to smallholders but not the very
poorest.
Response and recovery plans have a greater chance
of being successful if they are applied to a livestock sector that is already taking some measures to prevent disease and minimize both risk and impact. By defining the
conditions under which a disease may become a problem, it may be possible to invest in measures to remove
those conditions and protect livestock populations.

Toward an Ideal Response
As this chapter has indicated, the capacity of animal
health systems to anticipate new livestock disease problems, prevent them, or respond to them when they occur
varies a great deal from place to place. There is certainly
room for improvement—room to learn from past experience and build on existing capacity, to create systems that
are stronger and more capable of dealing with today’s
pressures. In order to propose improvements we first
highlight strengths and weaknesses in existing systems.
Systemic Weaknesses and Failures
Retreat of the State

Animal health systems work best when they are sustainably funded from a combination of private and public
finance and when both public and private sectors pay
attention to policy and regulation. If one part breaks
down, the system as a whole is weakened.
The countries suffering chronic problems with livestock diseases—those where emerging diseases become
persistent—suffer from a combination of limited publicsector funding, limited public-sector attention to regulations, and a private sector that is not commercially or
institutionally robust enough to contribute much to the
animal health system. It is not one of these factors alone
but all of them together that create the conditions for
diseases to spread and persist.
A typical pattern can be seen in countries that have
been encouraged to introduce a structural adjustment
program while their economies are also weak, so that
investment in the public sector has been severely and too
quickly curtailed but has not been replaced by private-
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sector growth and investment because of a lack of domestic capacity. Limited operational funds have made
it hard for state veterinary services to carry out either
preventive or response activities. Animal and public
health regulations have been allowed to fall out of date
and failed to make provision for private-sector actors,
whether veterinarians or paraprofessionals, to step into
roles that were formerly occupied by government veterinarians. Regulatory gaps have resulted in a lack of clarity
about who is responsible for what, who can supervise or
carry out which activities, and the extent of professional
liability or protection, particularly for paraprofessionals.
At the same time, public-sector veterinarians involved
in part-time private practice have been in competition
with fully private animal health professionals, offering a short-term solution to fill the gap in service but
slowing down the establishment of a sustainable private
sector.
Commercial livestock production develops within
ranching areas and near large towns, but domestic demand for livestock products is limited, and the sector
contributes insufficiently through taxation or public–
private funds to make up the deficit in public funding.
It also tends not to be sufficiently cohesive or motivated
to privately monitor and regulate animal health or food
safety. Diseases spread and create a barrier to seeking
new markets for livestock products and new sources of
revenue to fund animal health, and so the downward
spiral continues.
By contrast, the countries that do best in dealing
with emerging and spreading diseases are those where
the gross domestic product (GDP) and the tax base are
sufficient to fund animal health on a sustainable basis,
where the commercial livestock sector is strong and well
organized and makes an important contribution to the
GDP and export earnings, and where there is government
commitment to developing and enforcing animal health
regulations (Rushton et al., 2006). Not all of these are
OECD countries, and there are encouraging examples
of emerging economies overcoming the problems caused
by the retreat of the state. In Latin American exporting
countries, there are examples of large commercial producers subsidizing preventive measures in the small-scale
producers surrounding them and of increasing levels of
dialogue and cooperation between government and the
commercial sector.
Decentralization of the government and civil service in several countries offers the possibility of a locally
responsive service that could help promote preventive
measures suitable for local circumstances. However, decentralization makes an emergency response to emerging
diseases very challenging. It can slow the reporting of
suspicious cases if a local decision is made not to report
something to the center because of concerns about the
disruption that the response may cause. It can create
confusion in the way that early responses are funded and

handled—for example, local decisions on compensation
rates leading to different rates being used in neighboring provinces, resulting in sick animals being moved and
disease being spread.
Dichotomy in Animal Health Systems and in the
Livestock Sector

Control of new diseases is easiest where livestock market chains are relatively simple and well regulated and
where the necessary financial and human resources exist
in the animal health system. These conditions are found
in the richest countries and also where the livestock sector in emerging economies has intensified, concentrated,
and become export oriented. Disease control is hardest
where financial resources are limited and livestock systems are either complex and diverse (as seen in the poultry and pig sectors of many Asian countries) or highly
dispersed (as in some of the poorest countries of sub-Saharan Africa). These conditions are found in the poorest
countries, among the poorest livestock keepers in many
countries, and in transitional situations where livestock
systems are responding to growing urban demand. Each
of these situations has its own problems, yet some of the
difficulties in managing emerging and spreading diseases
arise not from the problems in any one system or country
but from the large imbalance between the best organized
animal health systems and those with the least capacity.
This widening dichotomy between the livestock sectors
and the animal health systems of the rich and the poor
results in each posing risks for the other.
The strongest animal health systems have a demonstrable capacity to find disease outbreaks fast and
stop them from spreading, as earlier examples have described. These systems exist in industrial economies and
the strongest of the emerging economies, although the
fluctuations in the fortunes of the latter render them periodically vulnerable to disease (e.g., the reemergence of
FMD in some Latin American countries tends to coincide with economic problems). The countries with the
strongest animal health systems are globally networked
through livestock trade. When new diseases emerge and
spread through legal and illegal trade routes, they all
take the same “eradication at all cost” approach, and for
the most part this has been successful in halting disease
spread, although the economic cost of controlling each
outbreak is high. Peer pressure and the possibility of
severe economic consequences of noncompliance mean
that transparency of disease reporting by governments
is high. These countries also have a strong (perhaps disproportionately strong) impact on international regulations for animal health and food safety that are driven
strongly by the wish to protect trade. Countries with
strong animal health system trading with each other are
therefore quite institutionally robust.
The countries characterized by underfinancing
of state veterinary services together with incomplete
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privatization and overdue reform have an ad hoc approach to emerging and spreading disease. Surveillance
systems are insensitive, and even when disease is detected,
reports are delayed. Effective movement control to limit
spread is almost impossible, and preventive vaccination
cannot be applied at the necessary level of coverage. In
the case of zoonotic diseases, the human health system
is equally ineffective at identifying and controlling these
because many are diseases of the poor, who have limited
access to human health systems and animal health advice. Traditional systems of managing disease, particularly in pastoralist societies, are eroding as these societies
are changing. (See Chapter 11.) The countries concerned
therefore remain vulnerable to disease invasion, allow
emerging diseases to become endemic, and then pose a
risk to their neighbors. While there are some attempts to
establish cross-border agreements (e.g., in West Africa),
these generally suffer from lack of sustained funding or
political commitment at high levels.
International regulations have tended to focus on
eliminating disease and disease agents from geographical
areas, and countries unable to create demonstrably disease-free areas have been excluded from export to countries that can meet these conditions. More recently, the
introduction of the concept of compartments has made
it possible to create disease-free populations rather than
geographical areas, allowing a single integrated market
chain the possibility of becoming certified as diseasefree, provided that the veterinary services in the country
where it is based are considered competent to provide
the accreditation.
The imbalance between the stronger and weaker
animal health systems causes problems in two ways. The
less robust systems pose a constant threat of disease to
the stronger ones. At the same time, the stronger ones
raise barricades to protect their livestock sectors from
disease, with international sanitary and phytosanitary
regulations set to high standards that can only be met
by consistent effort and investment. There is also a tendency to skew investment in animal health in poorer
countries toward a small part of the livestock sector
concerned with international trade and thus to create
another dichotomy, between richer and poorer livestock
keepers. The poorest livestock keepers in poor countries
find it hardest to get access to animal health services.
Many smallholder producers in developing countries
whose flocks were culled for HPAI control found it impossible to register for compensation (World Bank et al.,
2006). Changes to biosecurity regulations have sharply
restricted the access of small-scale commercial producers
to markets (ACI 2006). Rinderpest control has been an
exception to the extent that it affected all cattle owners
in Africa; however, it is worth asking why a similar level
of attention has not been paid to diseases of small ruminants in extensive systems.

Conflicting Paradigms

There are several different constituencies within the international animal health and public health communities—and they do not always speak in one voice or act in
harmony. Animal health, like other disciplines and sectors, has been affected by changes in fashions, funding,
and governments.
There are those who see animal health or public health
problems one disease at a time and those who view them
primarily in their social and economic development context. The advantage of the former approach is that it gives
strong focus and high visibility to eradication programs;
its limitation is that farmers and veterinary services
rarely have the luxury of dealing with only one problem,
and they invariably benefit from economies of scale and
scope when several problems are tackled at once.
There is one viewpoint that livestock diseases can be
tackled by straight-line rational approaches based primarily on technology and a contrasting viewpoint that
many of today’s animal health problems are “messy”;
they are caused by institutions and people as much as
biology and are not susceptible to simple solutions. The
advantage of the straight-line rational approach is that
it makes analysis and management of problems rather
clear-cut; it puts boundaries around problems and provides measurable objectives against which to monitor
progress. Its limitation is that it may exclude many of
the factors that are the worst contributors to the problem. Even rinderpest, a relatively straightforward disease against which vaccination was highly effective, had
messy elements; the final stages of eradication were only
possible through creative approaches to vaccine delivery
and epidemiology. Emerging diseases have many messy
features—and zoonotic diseases particularly so. They
exist in diverse livestock populations where a range of
animal health services are needed; they exist at the animal–human interface, so that animal health and human
health systems must cooperate to control them; they can
be politically embarrassing because they are usually labeled “crises,” and simple technological solutions are
not usually available.
The people who subscribe to these different viewpoints can always find common aims and areas of interest when they look for them, yet often they seem to
be shouting at each other from opposite sides of a large
room, making no attempt to listen or truly understand
each other’s perspective or to admit that two perspectives may both have merit and that the solution may lie
in a combination of the two.
Suspicion and Fear

The phrase “lack of transparency” is used often in discussions about animal health problems—and it is agreed
that this is undesirable and must be remedied. In practical terms, this usually amounts either to not reporting
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suspected disease cases or not sharing virus samples.
There are perfectly good reasons for either. Reporting
may lead to destruction of someone’s livestock, to no
helpful response at all, or to loss of a market. Virus sharing leads to questions about “benefit sharing” between
the countries where the virus was found and those who
make money from developing vaccines against it.
There is also suspicion and fear of new ideas, as
partially addressed in the previous section. Refusal to
examine a problem from different angles because “it
wastes time” or “we don’t need to reinvent the wheel,”
or the affirmation that “we don’t need to change what
we do, just do more of it” can be a perfectly reasonable
response to an objective examination of the facts. But
such responses can also be a symptom of fear that opening up a problem and reframing it may publicize the fact
that a mistake has been made, leading to blame or loss
of funding.
Strengths and Opportunities
Partnerships and Networks

There is a recognition of many of the weaknesses just
discussed. One response has been a growing tendency
for organizations, institutions, and individuals to work
together in ways that include formal partnerships and
coalitions as well as looser information-sharing networks.
Strong international partnerships have formed for
the control of certain diseases. The Global Rinderpest
Eradication Programme (GREP) is an example that has
had a successful result. Following similar practices and
working toward international standards on disease freedom, countries have progressively eliminated rinderpest
disease and appear close to eradicating the virus worldwide. HPAI has also been tackled on a global scale. To
control the disease in poultry and prevent a human influenza pandemic, a United Nations program coordinated
through the UN System Influenza Coordination has
worked with the World Bank and a range of national
projects, many supported by bilateral donors.
FMD control has been organized largely through regional partnerships and networks. The European Union
(EU) has been successful in protecting trade on behalf
of member countries and has provided them with economic support to deal with outbreaks of several diseases.
The European Commission for the Control of FMD was
formed to eradicate FMD from Europe, which it has
managed to do with only a few reinfections, and it is
making steady progress in harmonizing approaches to
FMD control in its 35 member countries. Regionalization of FMD control in other regions has had a modest impact and continues to grow. The Pan American
Foot-and-Mouth Disease Center in Latin America and
the Southeast Asia Foot and Mouth Disease Campaign

program in the Mekong region encourage progressive
zoning to halt FMD spread.
Taking a more general rather than single-disease approach, the West African Economic and Monetary Union
is working on harmonization of animal health regulations, while the Southern African Development Community had a flourishing livestock policy network to provide
information to members. The Pan African Programme
for the Control of Epizootics (PACE), one of a succession of projects that dealt with rinderpest, was designed
to look more broadly and also worked on CBPP. The
Association of Southeast Asian Nations has an animal
health working group that brings member countries together to discuss joint approaches to disease control and
harmonization of legislation on various diseases.
There are also bilateral partnerships between countries. Mexico and the United States have worked together successfully to eradicate FMD and screwworm
and are together tackling CSF, tuberculosis, brucellosis,
and Mediterranean fruit fly.
Also very important are the “public–private partnerships” that exist within countries and internationally. Animal Health Australia is an example of a formal
private–public grouping where risks and responsibilities
are shared. Many OECD countries have official mechanisms through which government is able to or required
to consult industry and sometimes the general public about major policy changes. In most of the major
livestock-producing and -exporting countries, a formal
or informal mechanism exists whereby industry influences government; one of the signs of a “modernizing”
livestock sector with a strong commercial sector is the
growth of institutional arrangements through which industry shapes policy.
Networks of various kinds have been formed to
facilitate organizations to work together and share information. Some are specific to disease control, like the
OFFLU network of laboratories and the GLEWS network that shares disease intelligence of various kinds,
while others are focused on particular livestock systems
like the Family Poultry Network. Networks of laboratories, epidemiologists, and social scientists are being reviewed or considered through the Partnership for Africa
Livestock Development (ALive) program in Africa.
The reasons for partnership and information sharing
are many. Response to the demands of donors, financial
expediency, advances in technology for sharing information, fashion in management strategy, and an acknowledgment that messy problems need wide involvement to
solve them have all played a part. Networks, partnerships, and coalitions offer advantages in economies of
scale, having more than one set of professional skills and
experience, and the potential to harmonize advice and
recommendations and reduce public confusion. When
partnerships work well they can partly compensate for
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the retreat of the state and reduce dichotomies and conflicts. They do, however, require time, effort, resources,
and management skill to be successful. And they need
to be set up so that each partner gains something that
compensates for the time they spend on maintaining
the partnership. Imbalance in some of the existing partnerships and networks has contributed to the systemic
weaknesses previously mentioned.
Human Resources

Human resources have grown stronger in terms of
training and experience, although they are not all used
to the fullest extent. Even in poor countries, and even
where investments in infrastructure have not been sustainable, the human resource is gaining capacity. Most
major initiatives to deal with a particular disease have
been underpinned by more general investment in animal
health. GREP was underpinned by general investment in
strengthening of veterinary services in Africa under the
Pan African Rinderpest Campaign (PARC) and PACE.
HPAI programs were preceded by EU-financed Strengthening of Veterinary Services programs in Asia, by PARC
and PACE in Africa, and by a number of bilateral animal
health programs over many years. All of these helped
governments build up a core capacity of trained professionals and develop and test new methods, which have
remained in the institutional memory and continue to be
used and developed. The same people who were trained
and gained experience under previous projects are now
senior members of HPAI control programs.
Sustainable Funding Mechanisms

Animal health has been far better and more sustainably
funded in countries with strong economies and strong
livestock sectors than in those that have neither. The
strongest systems are financed from a mixture of public
and private funds. All public funds are of course financed
through taxes. In addition, jointly managed funds like
the one managed by Animal Health Australia provide a
mechanism for formally sharing risks and costs of animal
health control. Large-scale commercial producers and
processors directly pay for a lot of preventive and curative animal health services from private veterinarians.
Private insurance against the loss of animals or production also exists, although it is uncommon except for very
valuable animals.
Where extrabudgetary funding is provided to poor
countries in large amounts and over long periods it is
also possible to make progress: the JP 15, GREP, PARC,
and PACE programs between them appear to have eradicated rinderpest. The large emergency funds poured
into HPAI control have also helped to build capacity
and reduce the spread of disease. But these funds have
mostly been uncertain and uneven, and not backed up
by sustainable financing from national budgets. The rise
of CBPP has been accelerated by the end of rinderpest

vaccination campaigns, since CBPP vaccination used to
be done at the same time with little additional cost.
Reducing Weaknesses and Building on Strengths
An ideal response to emerging diseases would be one
that anticipates problems, invests to minimize risks, establishes priorities, and prepares in advance to deal with
problems while at the same time retaining a capability
to deal with surprises. The precise shape of an effective
system would vary according to local needs. The necessary features are all present to some degree within existing systems, but they are neither uniform nor joined up.
There are some very weak links in the chain. What, then,
ought to be done?
Acknowledge the Problem

HPAI was a wake-up call not only for chief veterinary
officers (who already knew they had a problem) but
for ministers of agriculture and finance (who have acknowledged the need to make some investment in animal
health) and the donor community (which has acknowledged that investment in animal health systems will be
needed for some time to come). There is a wide and public acknowledgment that the messy problems posed by
emerging and spreading diseases will demand innovative
ways of working (FAO et al. 2008b). They will also demand strong political commitment. Fostering these ideas
will be important.
Improve Transparency and Multidisciplinarity in
Disease Intelligence

A more effective system would need a number of building
blocks. It would need more reliable current information,
held in accessible databases, generated from networks of
contacts and studies, held nationally and shared internationally. The databases largely already exist, but the
data they contain vary in quality. A great deal of work
is needed to remove the elements of suspicion and fear
that prevent individuals and nations from sharing information and replace them with a climate of enlightened
self-interest.
Organizations with competing agendas need to find
ways to reduce the transaction costs of working together.
It must be possible to screen and check data quality and
comparability, meaning that countries and institutions
must be willing to open up their data collection processes
to outside scrutiny. Supporting institutions need to foster
a no-blame culture that encourages sharing of information and also to treat all suspicions seriously, regardless
of the social group from which they originate, so that
emerging disease problems can be dealt with equitably.
Farmers and other information stakeholders need to be
drawn much more closely into designing knowledge systems and given the incentive to cooperate in providing
information through participating in schemes for sharing
risks and responsibilities as well as benefits. At the same
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time, acknowledging that suspicion, fear, and noncooperation will always exist to some extent, disease intelligence systems need to accommodate them. Much more
will need to be invested in surveillance systems in the
poorest countries, and investment will need to be supported from international funds, since good surveillance
on emerging diseases benefits everyone.
An ideal system would also hold diverse information—on livestock populations and diseases, trade
movements, human demographics and movements,
climate shifts, ecosystem changes—and it would have
skilled multidisciplinary analytical teams who are able
to examine the information from a range of perspectives.
This would mean expanding some databases to accommodate wider ranges of information of different types
(e.g., a great deal is now being done with spatial data)
and making an expanding range of disciplines available,
particularly to assist developing countries with their
intelligence—such as legal expertise, expertise in scenario building, and sociological expertise, to name only
three.
An effective system would have high-quality technology dispersed around the world to improve data storage,
analysis, and communication. More investment would
be needed to assist countries whose disease intelligence
systems are very poorly supported. Recent developments
in information and communication technologies and the
spread of communication networks even to the poorest
countries make this vision more realistic than it would
have been even five years ago.
Any good system would include the ability to communicate straightforwardly about risk with members of
the public in order not to cause unnecessary shocks. In
the case of emerging zoonotic disease, this requires much
closer cooperation between the animal health and human health sectors.
A good disease intelligence system needs the ability
to very quickly mount an investigation of a suspicion. In
some places the finance and equipment, plans, and standard operating procedures for rapid investigation and
the necessary legislation still do not exist and will need
to be established. In many places, the investigation of a
suspect case is not linked to emergency response capacity
because no funds are available.
The resources to fund disease intelligence need not
be enormous, provided that they are coordinated and
used intelligently. There is a temptation to continually
add new systems, but there may be more value in making
sure that existing systems can communicate with each
other and are maintained and supported. At the same
time, there are benefits from some degree of redundancy
in the system, with different teams and projects working
on the same problem, since leaps in knowledge can come
from unexpected sources.
Even the best disease intelligence is never going
to predict all new problems. A good system will be

moderately successful in predicting problems that might
occur and very good at locating and tracking new problems quickly.
Partnerships to Minimize Risks and Impacts

The key to minimizing risk is to provide incentives for
private individuals and companies to take actions that
serve their own and the public interest. A more robust
system will need much stronger collaboration between
the public and private sector in a variety of ways. Each
actor has different incentives, so that joint action must
yield benefits to both and clearly define the responsibilities of each. Structural adjustment was an attempt to
do this, but instead of building partnerships it created
distances and left large gaps in animal health systems.
Everyone now talks about public–private partnerships,
but they are not well defined or understood (definitions
and agendas vary with the stakeholder), and there are
few examples of successful ones in developing countries
or even the emerging economies.
Several elements will be needed to improve the
situation:
• A clear definition and understanding of
responsibilities. In countries where the commercial
livestock sector is strong and growing, the primary
responsibility of the government will lie in working
on problems and actions that constitute public
goods and in providing and monitoring policies and
regulations. In areas where the livestock sector has
a large number of small-scale producers or where
production is marginal but there is an interest in
maintaining rural communities, governments will
need to be proactive in providing, funding, and
promoting services and in monitoring the impacts of
policies on those who do not have the voice to speak
for themselves.
• Stronger processes and institutions that oblige the
public and private sectors to come together on a
regular basis to agree on risks and responsibilities.
• A sensible balance of regulations and incentives to
encourage investment in biosecurity, with the state
providing the majority of regulations and the market
providing incentives.
• Formal and well laid out mechanisms to manage
joint funding.
• Information on appropriate prevention measures
that is more easily accessible to everyone working
in the livestock industry. Since a growing number of
people have access to the Internet, mobile phones,
and television, it is not difficult to make information
available. However, it does need to be clearly worded
and well thought out, and people need to be able to
ask questions about it.
• Documented examples of successful partnerships of
different kinds that all stakeholders can draw on.
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Where emerging diseases have the potential for large externalities, public investment (national and international)
as well as investments from private foundations and corporate social investment will continue to be justified.
Recognizing that there are economies of scale and
scope in animal health systems and that the priorities of
livestock keepers may be different from those of governments, investments in disease prevention and control
could usefully take a “many for one” approach, dealing
with a range of animal health problems at the same time.
This would shift large programs away from a singledisease approach. This idea will cause concern in some
camps because managing programs that attempt to address multiple problems holds considerable challenges.
The key may be not to shift suddenly from highly focused to very broad approaches but simply to broaden
the scope slightly and in well-defined ways. One possibility may be to introduce programs to tackle groups of
problems that have the same cause or are susceptible to
similar solutions (e.g., multiple animal health problems
in extensive small ruminants). Another approach is to focus capacity-building efforts in countries or systems that
have similar systems and similar institutional problems.
In the recent “One World, One Health” discussions,
there were proposals to invest in areas where dense human and animal populations, together with overloaded
public services, allow emerging zoonotic disease to take
hold and persist—the “hot spot” areas.
Developing and emerging economies would need to
find ways to face the challenge of managing the trade-off
between reducing the risk and impact of disease and reducing the impacts of excluding certain people from livestock production and trade. When investment is made
in biosecurity and restructuring, this can create barriers
to participating in the livestock sector. People who are
excluded are often those who might previously have invested in livestock as a way out of poverty. An expanding number of approaches and tools are available (zones,
compartments, and commodity trade, to name three).
Expanding the interpretation of disease freedom to encompass alternative approaches and continuing to look
for innovative ways to provide and certify safe livestock
products will be important in helping to cushion the effects of market exclusion by allowing stepwise progress
toward more biosecure systems.
Improve Response Speeds and Surge Capacity

The key to effective emergency response is to be prepared. Every country needs to have robust and flexible
animal health contingency plans that can be adapted for
new problems with legislation to support their implementation and clear trigger points that indicate when
an emergency has occurred and how to act. These plans
and regulations do not exist everywhere even for the
diseases that cause the greatest problems. International
systems will need to continue to assist by providing well-

designed, unambiguous, and accessible guidelines for a
range of situations and helping to have them tested. In
turn, countries that need help with these preparations
will need to be organized and vocal about asking for
it. For emerging diseases of global potential, ideally regional and international contingency plans would also
be in place, but in practice this will rarely be possible:
the priority is to work toward harmonization across and
between national contingency plans.
In support of advance planning, up-to-date and accessible information on location and movements of animals is essential. This is rarely the case, and it would
be far too ambitious to expect good quantitative data
to be available everywhere. One approach that may alleviate this problem is better use of qualitative analyses,
expert data, and distant (e.g., satellite) data, all of which
may be quite rapidly and cheaply obtained so they can
be updated more often. Another useful approach is to
share information between countries that have similar
livestock sector structures so that one with very poor
data can learn from one where the data are much more
robust.
Streamlining of finances is a priority. Emergency
livestock disease control and the associated investment
need to be given greater weight in country budgets to
enable response systems to be rapid. Another critical
requirement often missing, particularly in poorer countries, is surge capacity when actually responding to a
crisis. As well as mounting a first response very rapidly,
an effective system has the capability to scale up rapidly
in response to recognized triggers, mobilizing finances,
people, and equipment on a large scale in the face of an
outbreak—the principles that underlie the Incident Command System. This requires measured indicators of performance, a way of predicting what might happen next,
and access to resources ahead of when they are needed.
A progress-tracking system is essential in order to evaluate and adjust control measures and forecast resource
needs. Speed of access to resources is as important as the
amount available, because the faster an emerging disease
can be stopped from spreading, the cheaper and less disruptive it will be.
The possibility of a global animal health fund is being explored to partly cover this kind of contingency,
but national governments also need to build up their
own funding sources. In some cases the problem may be
resolved by private–public funds, with rules for access
agreed in advance and reviewed on a regular basis. There
might also be merit in reclassifying major animal health
emergencies as natural disasters, allowing fast-track access to earmarked disaster mitigation funds. For the most
efficient response in an emergency, it may be necessary to
have some resources that are not allocated all the time.
Stakeholder buy-in is critical, since quick response
depends on information that is often provided by farmers or members of the public. Communication between
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the veterinary service and farmers is essential, and regulations that make it possible to publish serious transgressors are useful, although sometimes hard to implement.
Two examples are withholding compensation from those
who fail to report disease and making professional certification for animal health practitioners contingent on
disease reporting.
Fast response needs leadership that has a sufficient
degree of central command and authority to cut through
red tape in emergency but can also consult with a decentralized system when planning and can delegate authority to local levels as needed. These two requirements
come from very different management approaches, and
it takes considerable skill to achieve a balance.
Technology and methodologies for outbreak investigation and response are always under review, including models (provided accurate data are available and
the output can be validated), geographic information
systems, handheld and penside devices, and vaccines in
easily applicable forms such as thermostabile or noninjectable to facilitate their use in extensive systems and
cut down costs for intensive systems. However, it is unlikely that new scientific methods will come out of the
livestock industry, where profit margins are quite low;
spillover from medical research would be needed for
vaccine development and from human health and military research for electronic technology.

Conclusions
It is easy to describe an ideal response and more difficult
to envisage how it might come about. Moving from the
current response toward one that is more robust will require strengthening of the best existing systems, boosting
weaker ones, and some rethinking and repositioning of
the design of animal health programs. Considerable political and financial commitment will be needed for many
years to come.
The suggestions made here demonstrate the challenges ahead to build on the best of existing responses
and improve the system overall. New pressures on the
livestock sector mean that improved disease control is
essential. Emerging and changing diseases are not the
only important animal health problems, but they are
damaging for economies and livestock keepers, and they
increase the uncertainty and instability of the sector. The
challenge to the global animal health system must somehow be met.
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Responses on Social Issues
Jeroen Dijkman and Henning Steinfeld

Main Messages
• Livestock can be instrumental in reducing poverty
and can be a growth engine in rural areas. They can
be particularly suitable tool for poverty reduction in poor
countries and areas that are not fully exposed to globalized
food markets. Smallholder dairy production and certain
forms of cooperatives and contract farming provide
opportunities for expanding and intensifying smallholder
livestock production. In rapidly growing and developed
economies and in periurban areas with products primarily
aimed at urban markets, economies of scale and market
barriers are unlikely to allow smallholders to compete. The
speed of change will not be the same everywhere, but the
direction of change is clear.
• Producers that remain within the livestock sector
need to be able to innovate constantly. The sector’s
capacity to respond and adapt to change needs to
be enhanced in ways that allow producers to innovate
while safeguarding the livelihoods of poor people linked
with the sector. This includes the social and institutional
arrangements required to mobilize different sorts of
knowledge and support services. It is also important
for smallholders to organize by forming, for example,
cooperatives, large-scale/smallholder partnership schemes,
or other organizational arrangements in order to be able
to deliver the volume and type of products that the market
demands and to exploit niche markets for specialized
products.
• For those that find livestock production too risky or
the barriers to entry too great, alternative livelihoods
need to be sought in other sectors. Policies and
programs for targeted social protection need to support
the transition process so as to avoid social hardship
and prevent rapid loss of livelihoods when alternatives
cannot be provided. There may be more opportunity

for employment in agrofood industries than in primary
production.
• The objective of pro-poor livestock sector
development policies should not be to maintain
smallholder production systems at any cost, but to
mediate sector transition, in which the role of the
poor needs to be considered broadly, including as
consumers, market agents, and employees as well as
small-scale producers. From a poverty reduction viewpoint,
as long as waged employment can absorb people exiting
from the sector, this is not necessarily a bad thing: on the
contrary, it should be viewed as a positive development.

Introduction
The increasing connection of rural activities in the developing world to the global environment is diversifying livelihood options and also exposing such activity to
rapidly changing patterns of competition, market preferences, and standards. This growing interconnectedness
brings not only challenges to those in the changing livestock landscape, but also opportunities arising from new
market opportunities, technology, and knowledge, such
as biotechnology and information technology, and from
convergence among different areas of economic and social activity.
Notwithstanding such radical change in many places,
food production and subsistence agriculture remain
crucial to a large proportion of the “extreme poor”—
those living on less than $1.25 a day (in 2005 dollars).
However, the impact of HIV/AIDS and other diseases,
conflicts, and an increasing number of climate-related
disasters means that people in these production systems
also need to tackle an ever-evolving set of production,
pest, and disease problems—and often in rapidly declining environmental conditions. Concomitant changes
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have also occurred in the roles, responsibilities, and
working practices of rural actors through decentralization and the privatization of public services, combined
with an increasing and strengthening role and influence
of the private sector and civil society in development.
These are just some of the factors that shape the fates
of the majority of the world’s 1.4 billion extreme poor,
most of whom depend for their livelihoods on farming or
supplying farm labor. Statistics reveal that an estimated
70% of the poor are women, for whom livestock play
an important role in the improvement of status and represent one of the most important assets and sources of
income (DFID 2000). Many of these people also fully or
partially depend on livestock for income or subsistence.
Designing appropriate policies to support this segment
of the population in all countries is one more challenge
facing the livestock sector today.

The Response Context
Although the poor clearly have a major stake in the livestock sector, most of them have not been able to take
advantage of the opportunities presented by the demandled growth of recent decades. This has been due to a
combination of global, regional, and national policies,
regulations, norms, and values that are defined as the societal “rules of the game.” They provide a framework
for access to and control of capital assets, influence the
political effectiveness of economic interests, and control
the political agenda (North 1990).
Chapters 13, 14, and 15 clearly present the social
fallout of this situation under different livestock sector
scenarios. Although this is clearly an oversimplification,
the dynamics of need and potential responses can be
summarized under three separate, but not mutually exclusive, livestock sector development scenarios:
• Reducing vulnerability. In a number of developing
countries, economic growth remains weak and is not
driving an expansion in demand for animal products.
Here the situation is characterized by large numbers
of highly vulnerable rural poor for whom livestock
represent one of the few opportunities to support and
enhance their livelihoods. Many of the barriers and
constraints apply equally to this group, and some of
these represent norms and societal rules of the game
that derive from international policies. Enhancing
livestock-related livelihoods through improved access
to and control of capital assets (natural, social,
human, physical, and financial) will not only reduce
vulnerability and risk, it will also position resourcepoor livestock producers to benefit from any upturn
in the economy and demand for animal products that
occurs.
• Creating the conditions for growth. Growing
demand for animal products, where it exists, offers
substantial opportunities for small-scale producers

to participate and benefit. However, a number
of technical, infrastructural, and institutional
constraints in these areas impede an appropriate
production response to increased demand. To create
an enabling environment in which poor producers
can take advantage of development opportunities,
these productivity, trade, and other barriers will have
to be overcome. Barring this, there is a real danger
that poor people who depend on the livestock sector
will be marginalized further.
• Coping with growth. This development scenario
applies where economic growth is driving a
burgeoning demand for animal products, with a
correspondingly dynamic response through a rise
in industrial production systems. Here the primary
public goods involve issues of equity, environmental
pollution, and animal and public health, including
the risk of highly pathogenic emerging diseases.
Policies, institutions, and technologies are required
that enable small producers to benefit from the cost
advantages of large-scale production in order to
create a more level playing field.
The way these development scenarios are shaped through
organizational enforcement of national and international
rules of the game supports or prohibits the development
of the poor. Such “rules” currently translate into barriers, lack of competitiveness, and risks—all of which
prevent the poor from taking advantage of the available
development potential. Appropriate targeting of the priority policy changes and institutional reforms and the
concomitant technologies required under different sector
dynamics is therefore essential if sector dynamics are to
contribute to socially desirable outcomes.
Transaction costs for smallholder producers, for example, can be reduced through collective action, such as
formation of cooperatives and various forms of contract
farming. Such arrangements also have potential to incorporate smallholders in high-value supply chains from
which they would otherwise be excluded. Contract arrangements vary but often involve the contractor supplying genetically superior breeds of chicks or piglets, feed,
advice and support, and a guaranteed market for the end
product.
Thus it appears that smallholder producers can stay
in business as long as the opportunity cost of family labor remains low and alternative employment opportunities are limited, and they can benefit from some sort
of collective organization and support network. In situations where alternative employment options offer higher
wages, such as the more developed parts of China, the
competitive advantage of smallholder producers is wiped
out and there is likely to be a mass exit from the sector.
From a poverty reduction viewpoint, as long as waged
employment can absorb those exiting from the sector, this
is not necessarily a bad thing: on the contrary it should
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be viewed as a positive development. In addition, the interests of poor consumers are likely to be different to
those of small-scale and poor producers. Medium-sized
and semicommercial producers appear to be particularly
vulnerable to shocks of all sorts: climatic, disease, changing markets, changing norms and standards, and so on.
Financial services in the form of credit/loans for the
purchase of livestock, feed, and health services as well as
insurance against the loss of valuable productive assets
may play an important role in encouraging investments
in new technology and in coping with difficulties such
as drought and disease. In developing-country markets,
commercial banks rarely offer such services, however. Financial and insurance services are not well developed,
and loans, credit, or microcredit and insurance for animal loss are almost always provided by the state. This
type of financing often penalizes smallholders because
they lack collateral. As a result, most of the loans are
taken by wealthier farmers. For these reasons publicsector provision of subsidized loans for agriculture has
fallen out of favor. Some nongovernmental group credit
schemes exist where animals are loaned or given to poor
livestock keepers, and some of these schemes have been
very successful. Borrowers are generally required to give
back the borrowed funds either in kind (e.g., a calf in the
Heifer Project) or in cash (e.g., the Grameen-type credit)
(ILRI 2004).
In developing countries, however, the institutional
context and weak legal framework, as well as the lack
of private providers of livestock insurance, make public intervention often the only alternative. In a number of Asian countries livestock insurance schemes for
poor farmers already exist. As part of the national insurance scheme in India, for example, livestock insurance is automatically approved for poor dairy farmers
when buying an animal from a specific source (CRISP
2008). Although most of these schemes initially focused
on dairy production only, they have since expanded to
include other livestock. These schemes have also created strong links with banks (normally a national and a
few commercial banks), and when farmers now ask for
a loan or credit from the bank, an insurance policy is
often obligatory. Public rural financial institutions have
been mostly dismantled or privatized. In addition, many
have had their role reduced to the provision of insurance
for use as collateral for loans. Beyond credit, access to
an adequate and affordable supply of animal health and
extension services is essential for effective livestock production. Until the roles of the public and private sectors
in service provision are clarified, both privatization and
decentralization may prove ineffective.
Although growth in the livestock sector in developing countries has been at the center of a number of studies (e.g., Delgado et al., 2008), most of these have largely
ignored issues related to the kind of capacities and services that would be required to ensure that these trends

are best used to promote equitable wealth creation and
sustainable economic development. Most studies have
dealt solely with the economic and environmental impact
of scale increases and vertical integration of production
systems that have accompanied market trends. Studies
that have focused on service delivery have generally disregarded the evolving needs in skills and support services
and have thus ignored the changes required in the institutional landscape that would enable the delivery of such
knowledge and services.
A recent comparative study of the livestock sector at
different stages of development and under different political systems in three nations that have witnessed rapid
livestock sector growth in the last two decades explored
innovation capacity by looking at the changing spectrum
of services, actor roles, and interactions required to effectively respond to new opportunities and threats in the
sector (Dijkman and Vu 2007). The study maintains that
the concept of “response capacity” covers two specific
elements of innovation capacity. First, there is a sense
of urgency arising from the emergence of new investment opportunities, disease outbreaks, environmental
disasters, volatile capital and price shifts, and fast-track
schedules of trade liberalization imposed from outside.
These all demand quick responses from both producers
and governments. Existing response capacity may help,
but a common weakness is the ability to respond in a
timely fashion. Second, there is the degree of local specificity. For response capacity to be effective, it must be
built on an analysis of specific local conditions. These
involve not just dynamic markets but also political and
institutional changes such as democratizing and decentralizing trends. Again, existing innovation capacity may
not sufficiently stress the specific kinds of opportunities
and threats facing actors and may generate misguided
responses—responses that may be appropriate generally but not in the specific contexts they are meant to
address.
Country case studies revealed a number of weaknesses in existing response capacity, including a continued
reliance on public livestock services. Often these involve
only primarily research and the provision of extension
and veterinary services, even though these are well recognized to be woefully inadequate as a response capacity mechanism. In addition, a lack of systemic coherence
between the different elements of response capacity—research and other public services, private-sector livestock
activity, and the policy and regulatory system—weakens
them even further. To respond effectively to new developments and to promote sustainable and equitable growth
in the sector, it is suggested that governments revisit existing veterinary services arrangements and identify ways
of bringing in new sources of knowledge about emerging
challenges and ways of dealing with them. In addition,
governments need to find ways of strengthening the patterns of interaction between different actors, policies,
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and initiatives relevant to the sector and to make sure
that stakeholders who can champion a social and environmental agenda are included.
Another critical issue is how to better use agricultural science and technology to enable people-centric,
entrepreneurial, and environmentally friendly innovation. Side-stepping this issue will ultimately make poor
people poorer.

The Need for Policy and Institutional Change
Although there have been glimpses of responses to the
social implications of the livestock sector’s changing
landscape, as described in the preceding section, much
of this has been inadequate. Many of these examples
clearly show that technology alone is not going to transform livestock sector development in ways that will necessarily help the poor. The role of policy and institutional
change has been flagged in particular as a way of creating
the framework conditions in which sector development
could be steered toward the needs of the poor.
The history of agricultural development in Europe
and North America also shows that it was not primarily
hampered by technological constraints but that farmers
were only too willing and able to adopt existing technologies once an enabling policy and institutional environment were in place. Such an environment allowed
them to obtain new technologies and reap the benefits of
their adoption. This enabling environment is influenced
by economic and institutional factors that are beyond
the households’ immediate control (Birner 1999). Thus,
to ensure that livestock sector dynamics in developing
countries contribute to socially desirable outcomes, institutional and policy reforms are required.
In a world characterized by market, technological,
social, and environmental conditions that are evolving
rapidly and in often unpredictable ways, the argument
is made that it is not the changes in policy and institutional circumstances that need to be assessed. Rather,
what should be considered is the underlying processes
that bring about such changes and that build the capacity to manage and exploit change. In other words, understanding and promoting policy and institutional change
is actually concerned with the underlying capacities for
change and this capacity is largely a function of the patterns of linkages and the quality of the associated relationships among actors in the sector.
Obviously, a capacity-strengthening perspective on
policy and institutional change has a number of implications on how to deal with the livestock sector’s changing landscape. First is the design and implementation of
policies and interventions that provide incentives and
resources to diverse groups of players to work together
in local contexts. This allows relationships to form and
experiences about working in new, more collective ways
to be gained. This is a process of learning-by-doing and,
over time, it changes the way organizations work, as it

is often a lack of experience of working in this manner
that prevents these linkages from being established in the
first place. Such relationships are particularly useful for
connecting research organizations to relevant areas of
economic activity.
Capacity can also be built through the use of a range
of peer learning mechanisms referred to collectively as
a community of practice approach. In the case of livestock sector policy and institutional change, this would
involve sharing ideas and lessons among initiatives, organizations, and individuals using different processes
and ideas. Such exposure to the knowledge and experience of others can help organizations and policy makers who are struggling to translate these principles into
operational strategies relevant to their own contexts.
Ideally the sharing of lessons and experiences should be
both among similar organizations working in different
contexts (for example, research organization working in
different sectors or countries) and among different types
of organization (such as research organizations and
private companies). The inclusion of policy makers in
such processes and their exposure to operational lessons
is critical, as these can then be reflected in framework
conditions.

Building Policy-Relevant Capacity
As noted, the livestock sector needs to focus on the issue
of capacity and the nature of capacity under the three
identified scenarios. It is not just innovation capacity in
a general sense, however, but the aspect of responsiveness to changing contexts and particularly responses to
rapidly changing market conditions, as alluded to earlier
in this chapter. For natural resource–based industries like
livestock in developing countries, this has become a particularly important concern. The higher degree of market integration that accompanied the globalization of the
value chains of these products is increasingly exposing
farmers and industries to competition in the global marketplace and to changing consumer demands and standards and norms in distant markets. The ever-increasing
rate of change in these markets means that responsiveness is likely to be the critical factor in innovation capacity. So what are the specific elements that would help
build the necessary response capacity within the three
livestock sector development scenarios and lead to desirable outcomes? A useful perspective is the four-point
analytical framework developed by the World Bank to
investigate agricultural innovation capacity: actors and
their roles, patterns of interaction, habits and practices,
and the enabling environment (World Bank 2006). The
sections that follow illustrate specific characteristics of
this capacity and how it may be built.
Actors and Their Roles
The process of livestock sector innovation requires a diversity of actors, including entrepreneurs, research and
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training organizations, public policy bodies, and civil society organizations. In terms of responsiveness, it is not
possible or helpful to be too prescriptive about which
actors should be present. However, the following roles
are important:
• Sector coordination provides coherence to actions
of the different actors in the sector. Not only does
this facilitate the patterns of interaction needed for
innovation, it also helps coordinate and speed up
the actions needed to respond. This response might
be new groupings of actors, dissemination of new
information, or the introduction of new practices.
Sometimes coordination might be more concerned
with third-party brokerage rather than sector-wide
oversight.
• Entrepreneurship is important because it is by
grasping opportunities and taking risks that
sectors innovate in response to changing market
opportunities. If this role is not well developed,
responses to opportunities will be weak. While this
seems obvious, entrepreneurship is not uniformly
developed across all sectors and countries. This
role could be played by public or private sectors,
although the private sector is now usually thought
to be better suited to it. Again, this can vary from
country to country and sector to sector.
• Providing knowledge of the future is important in
response capacity, as it is the way in which early
warning information about upcoming challenges
and opportunities is collected and transmitted to
entrepreneurs and policy makers. Buyers and others
in market chains might play this role in relation to
information about changing market demands and
policy and regulatory changes in distant markets.
Informal networks linking sectors to policy makers
might give early warnings on upcoming policy
changes. Farmers’ organizations and industry
associations might also play this role. Some countries
might have formal foresight committees or standing
panels on certain export commodities with the
specific purpose of collating expert opinions on
future market or technology conditions.
• Research. Not all innovation requires formal
research and, by the same logic, neither does
responsiveness. Nevertheless, research plays an
important role in the innovation process as a
specialist form of knowledge creation for both
addressing unforeseen challenges and opportunities
and providing opportunities through new technology.
Both private and public organizations can play a
research role, but in many developing countries this
is left to the public sector, and this is often closely
connected to tertiary training.
• Service provision. A number of services are required
for innovation and contribute to responsiveness.

These services include technical advisory services,
financial services, and auditing services to help with
regulator compliance.
• Ensuring socially desirable outcomes in sectors is no
longer a nonmarket issue. As global markets become
more sensitive to the social and ethical consequences
of the goods they purchase, “policing” and assistance
with compliance to these standards are important
roles in responding to the ever more sophisticated
demands of the market. The advocacy role of
organizations is also important in this context,
alerting society to malpractices and social inequity.
Usually civil society organizations play this role, but
the public and even the private sector may also do so
in certain countries.
Patterns of Interaction
Patterns of interaction will be shaped by the local context and the particular challenges or opportunities that
are being addressed. These patterns are dynamic and will
change over time as challenges and opportunities evolve.
What can be expected is evidence of a loose network
of linkages between actors in the livestock sector that
provides coherence and acts as a foundation for more
concrete forms of linkage and collaboration in times of
need. Forms of interactions that allow two-way flows of
information are most important. Also, while frequency
of interaction is an important consideration, quality of
interaction is equally important. Aspects of the patterns
of interaction specifically relevant to building response
capacity in the livestock sector include the following:
• Links to consumers. Consumers provide critical
information about preferences and how these are
changing. Often, especially in the case of export
markets, interaction with buyers (intermediaries)
is a critical source of information on consumer
preference in distant markets. Trade fairs can
facilitate a similar form of interaction.
• Links to specialist technical knowledge. Changing
market and policy conditions often involve the need
for technical upgrading. This might be in terms of
production and process technology, production
organization, packaging, or marketing. It might
require linkage to research organizations in cases
where problems and opportunities require new
knowledge. More often it will involve linkage to
technical services or organizations that can help
adapt existing technologies and processes to a new
situation.
• Mechanisms that facilitate interaction. Coordination
bodies exist in some sectors to help foster interaction
between different actors. These might be government
agencies or industry associations. Since response
capacity involves often rapid reconfiguration of
patterns of interaction, mechanisms that facilitate
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this are vital. One mechanism for achieving this is
to have a high degree of organization in the sector—
such as farmers’ associations, women’s groups,
self-help groups, industry associations, export
associations, and cooperatives.
Habits and Practices
Habits and practices of institutions are probably the most
intangible element of response capacity—but undoubtedly the most important. These are the mainly informal
rule sets that determine how people behave and the way
they do things. Particular attention should be given to
the institutions that affect the processes of interaction,
information sharing, and learning. In relation to livestock sector response capacity, a number of basic ways
of working are likely to be important, and these include
the following institutions that underpin them:
• Attitudes toward change. Most people tend to be
conservative by nature, and fear and avoid change.
Organizations in the public and private sectors
exhibit varying degrees of reluctance to change.
This is most marked in public-sector organizations
because of the rigid rules and hierarchies that
characterize them. These same characteristics can
also be seen in the private sector, but because this
attitude seriously undermines companies’ ability to
respond to markets and competition, such an outfit
tends not to remain in business long.
• Trust is an important lubricant in social
relationships. Since innovation is a social process
of interaction and information sharing and learning,
trust is a necessary ingredient in the relationships
needed to underpin innovation. By the same argument,
responsiveness to rapidly changing circumstances
requires a sufficient degree of trust across actors in
a sector to ease the creation of the new relationships
needed for innovation. Trust often manifests itself as
willingness to cooperate with other actors.
• Shared identity. Another institution that can
help coherence and thus aid responsiveness is the
degree of shared identity or the sense of belonging
that exists among actors in the livestock sector.
Increasingly, and particularly for export sectors,
competitive pressures come from other countries
rather than domestic competitors. Responding to this
type of competition requires collaboration and the
recognition that survival of the sector is a collective
responsibility. One example is the need to respond
to quality demands in distant markets. Often this
is as much about building a sector’s reputation for
quality, which requires all actors to recognize this as
a shared responsibility. Such a “we are us” mentality
is therefore an important aspect of response capacity.
• “Learningness.” The innovation systems concept
gives very strong emphasis to learning and the

habits and relationships that enable this process.
This is often a difficult set of habits and practices
to identify and is best evidenced by identifying how
practices and behaviors of actors or sectors have
changed as a result of learning from experience,
research, interaction, or searching for information.
Attitudes that support this include a propensity
for experimentation and risk taking, as well as the
organizational “space” for trying new things out.
Some organizations may have structured learning
practices as part of their management strategy,
or they may use external evaluation. Since much
learning accumulates in the form of tacit knowledge,
organizations with low staff turnover may be better
placed to learn and build capacity in the longer
term. Learning is particularly important in relation
to response capacity, for in a dynamic environment
the ability to learn how to cope with a continuous
succession of largely unpredictable events is an
essential attribute for success.
• National culture. The origins of the innovations
concept are a good indication that there are different
national styles of innovation and that they emerge
from cultural, historical, and political contexts at
a national level. National culture is an emotive
subject, and it is important not to dismiss certain
national cultural traits as constraints to innovation
and responsiveness. National cultures do also evolve,
and certain cultural stereotypes can become quickly
outdated. Nevertheless, attributes like the degree of
social cohesiveness or the degree of social hierarchies
found in society as a whole can reflect on innovation
responsiveness. Similarly, accepted views on the role
of certain actors in society, particularly the public
and private sectors, can be reflected in capacity.
Enabling Environment
The enabling environment is the wider set of policies
and institutions in which an innovation process is situated. Much of the enabling environment manifests itself
through the factors already discussed. For example, agricultural science and technology policy often determine
the degree of interaction between researchers and actors
in the productive sectors. More specific factors might include monetary policy, infrastructure, the level of corruption, the effectiveness of the legal system, educational
practices, regulatory regimes, and sector governance. A
final aspect of the enabling environment is the presence
of a strong market or, in its absence, of policy triggers
that provide the incentives for innovation.

The Road Ahead
To effectively address the constraints that currently prevent the poor from taking advantage of the available
livestock sector development potential and from competing, coping, and prospering under evolving market
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conditions, livestock producers need to be able to constantly innovate. Moreover, to fully exploit the poverty
reduction potential of these livestock sector trends, the
sector’s capacity to respond and adapt to these changes
needs to be enhanced in ways that both allow producers to innovate while also safeguarding the livelihoods of
poor people linked with the sector.
The transition from subsistence to small-scale commercial production not only opens potential access to
more lucrative markets; as noted earlier, the higher degree of market integration that has accompanied globalization also exposes producers and enterprises to rising
competition in the global marketplace and to changing
consumer demands and standards and norms in distant
markets. The ever-increasing rate of change in these markets means that responsiveness to changing contexts and
conditions is essential. Without such capacity, such producers and enterprises are unlikely to cope and prosper.
Even if this capacity can be supported and built,
managing the exit of a large number of former livestock
keepers from the sector—helping to ensure they have a
“soft landing,” either within the large-scale industrial
livestock production sector and associated food processing and distribution industries or, in most cases, in
emerging manufacturing and service industries—will be
essential. This could be achieved, for example, by ensuring that schools and colleges equip students with the new
skills these industries require or by providing suitable
training opportunities for those who have already left
the formal education system to enable them to adapt to
the new order. The objective of pro-poor livestock sector
development policies, in these scenarios, should not be
to maintain smallholder production systems at any cost
but rather to mediate the sector transition, in which the
role of the poor needs to be considered broadly, including as consumers, market agents, and employees, as well
as small-scale producers.
Evidence from rapidly developing economies such
as China suggests that when alternative employment
options arise and formal distribution networks for processed livestock products extend beyond major towns
and cities, small-scale livestock keepers leave the sector.
The need for and viability of keeping a few backyard
poultry or pigs diminishes. Better-remunerated, less risky
opportunities in the construction, manufacturing, or service sectors, usually in towns and cities, prove irresistible, especially to young people.
In countries where the livestock revolution has not
occurred, small-scale “low-input, low-output” producers continue to keep livestock, usually as a supplement
to crop farming or other activities. They enjoy multiple
benefits from their animals, including enhanced food and
nutritional security, and sometimes also draft power and
manure to enhance crop production. Livestock also serve
important sociocultural roles, such as payment of dowry
and traditional fines and as determinants of status. In

these settings an important role of livestock is to provide
children with high-quality protein and micronutrients,
such as vitamin B12, which are essential to enable normal physical and cognitive development but difficult to
supply solely through cereal- and vegetable-based diets.
Consumption of even small amounts of livestock products can make a significant difference in this regard. It is
thus the nontradable functions of livestock that are of
overriding importance in this situation.
It is clearly difficult to forecast what will happen in
the future regarding feed and food prices. Most analysts
and observers, however, currently believe that in the short
to medium term, prices will remain higher than in the
recent past and that increased volatility of prices will become the norm. But whether prices remain high or revert
to the long-term decreasing trend of the past 50 years or
so, the polarization of the livestock sector in the developing world looks set to prevail. In a scenario where staple
food and feed prices remain at historic highs, there will
be additional pressure to supply meat, milk, and eggs at
the lowest possible prices to meet the demand of urban
consumers. This is likely to increase the trend toward
larger, more-intensive, and more-efficient production
units, especially for poultry. At the same time, “something for nothing” production by poor, rural, small-scale
livestock producers will become even more important in
terms of food and nutritional security as their own and
their local customers’ purchasing power in nearby food
markets decreases. While this could potentially provide
market opportunities to smallholders that do not generally rely on bought feed, previously indicated resource
constraints and policy and institutional barriers would
need to be addressed for this to have a real impact.
If, on the other hand, feed prices start to decrease
again, accompanied by drops in the price of livestock
products and other foods, this is likely to further boost
demand for cheap meat, milk, and eggs and to stimulate
expansion of the large-scale industrial livestock sector.
It is difficult to see how small-scale poor producers will
readily become integrated into increasingly complex,
formal supply chains in either scenario.
Policies and institutional arrangements are essential for mediating how the livestock sector develops,
how current and former livestock keepers fare, and how
well the needs of consumers—rich and poor, rural and
urban—are served. In poorer non–livestock revolution
zones, policies and institutional arrangements are needed
that reduce vulnerability and help to maintain livestock
production as a pillar of livelihood and a safety net for
poor households, while minimizing risks from zoonotic
and foodborne diseases, as well as environmental hazards to the livestock keepers themselves and the wider
community.
In areas where economies are beginning to take
off and the livestock sector is in early stages of transit,
supportive policies and institutional arrangements are
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needed to manage this transition. Thus far, under these
conditions, the potential for the great majority of traditional small-scale producers to supply formal value
chains appears to be limited by a number of factors.
These include a lack of funds to invest or provide access
to credit, small and diminishing landholdings, poor access to input and output services and markets, increasingly stringent food and safety standards, the increasing
power of supermarkets, and poor knowledge access and
infrastructure (the rural poor tend to live in marginal areas where lack of year-round roads is a major hindrance
to development in general, but particularly in relation to
perishable commodities).
In rapidly emerging economies, where large-scale
integrators increasingly dominate the livestock sector,
policies and institutional arrangements are required to
ensure that public health and environmental standards
are upheld and that the needs of diverse consumers, including the less well off, are met. In Thailand, for example, the introduction of punitive taxation regimes were
one factor that caused large-scale poultry enterprises to
relocate further from Bangkok, thereby reducing public
health and environmental risks caused by having large
concentrations of livestock and people in close proximity (Steinfeld et al., 2006). At all levels, however, tradeoffs are likely to be necessary between the interests of the
diminishing number of poor livestock producers, processors, and market agents and the increasing number of
poor, largely urban, consumers.
Encouragingly, there are a number of other examples
where pro-poor policies and institutional arrangements
and targeted investments have performed well in developing-country livestock sectors. In India, for example,
milk production and distribution remain in the hands of
huge numbers of very small-scale producers and informal
market agents. With supportive government policies, this
arrangement has enabled milk consumption in India to
increase dramatically over the past few decades while securing the livelihoods of millions of small-scale producers
and market agents. In Brazil, however, recent changes to
the law have let large integrators stop contracting with
small-scale livestock farmers in favor of a focus on larger
farms (Delgado et al., 2008)—perhaps reflecting a rebalancing of the needs of consumers versus producers.
At least one potentially positive outcome of the recent food price crisis is that it has put agriculture firmly
back on the development agenda. A number of agencies have recognized that rising food prices, in the longer term, may represent an opportunity for farmers. In
response, the World Bank is doubling its lending for
agriculture in Africa to $800 million from 2010. A big
question, of course, remains how the monies will be
spent and whether it will make a difference. Traditional
investments and interventions to promote innovation in
the agricultural sector have recognized the importance of
knowledge but have mainly emphasized the knowledge

supply side, focusing on supporting research and promoting technology transfer. It is now widely recognized
that research arrangements need to pay more attention
to technology demand from users, particularly poor
people, but also from other key economic actors, such
as entrepreneurs and industrialists, who can create new
opportunities for growth and welfare.
With today’s livestock sector development landscape being determined by rapid and often unpredictable
changes in market, technological, social, and environmental circumstances, there appears to be growing
consensus that the way to deal with these dynamics is
to focus policy and development interventions on supporting a continuous process of creating, obtaining, and
using knowledge and information to generate new products, services, production arrangements, and strategies
that meet social and economic goals. Only by building
such capacity can sectors and countries solve problems
and improve practices and, in so doing, cope, prosper,
and compete in a world that itself is continuously changing. Thailand is a good example of this adaptive capacity: within months of losing its large export market for
frozen poultry due to an outbreak of avian influenza,
it had reengineered and reinvented itself as a major exporter of precooked poultry-based ready meals. This
ability to mobilize and use knowledge is emerging as a
new source of comparative advantage, replacing the traditional importance of natural resource endowments as a
source of competitiveness for developing countries. The
recent emergence of Chile as a major salmon producer,
Viet Nam as a coffee producer, and Indonesia as a furniture producer is an example of this. And it is not just
market competition that is innovation based. The ability
to mobilize and use knowledge is becoming increasingly
important in determining how countries cope with climate change and disease outbreaks and how they seize
opportunities arising from new technological, policy,
and market opportunities. Innovation in livestock production, processing, utilization, and distribution usually
takes place where different players in the sector are well
networked, allowing them to make creative use of ideas,
technologies, and information from different sources, including from research.
Dealing with these issues requires enhanced mechanisms and institutional capacities to predict, prevent,
and rationally respond, without compromising the
positive role livestock can play in enhancing rural livelihoods. This will entail identifying and fostering the social and institutional arrangements that can mobilize the
requisite knowledge stocks and support services. This
can be achieved by explicitly linking action research on
livestock sector transition and the incidence and livelihood impacts of environmental and climate change in
different livestock production systems to a process that
enhances capacity for sound policy formulation and effective policy implementation.
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Livestock in a Changing Landscape
Conclusions and Lessons Learned
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Main Messages
• The factors that created the livestock revolution still
exist, although they have been dampened by rising energy
and feed prices that have begun to attenuate livestock
sector growth and change the pattern of demand.
• Given the planet’s finite land and other resources,
there is a continuing and growing need for further
efficiency gains in resource use of livestock
production through price corrections for inputs and
the replacement of current suboptimal production
with advanced production methods. If the demand
for animal products continues to grow, it can only be met
by intensification. This has generally meant scaling up
and concentration of production and marketing units with
an increasing dependence on inputs brought in from a
distance.
• Rural activities in the developing world are
increasingly connected to the global environment.
This presents an opportunity to diversify livelihood options,
but at the same time it exposes all livestock keepers
to rapidly changing patterns of competition, market
preferences, and standards. The livelihoods of many of
the most vulnerable are thus, for better or worse, linked to
the changing markets, technologies, and diseases that are
transforming the sector.
• Continued growth and intensification may
be inevitable, but they carry environmental
consequences. Livestock play a major role in greenhouse
gas emissions. Water is depleted by livestock activities
through withdrawal for feed production and through
pollution. Water cycles are affected by the presence of
livestock in many ecosystems, particularly when grazing
pressure is poorly managed. Water pollution in areas of
high livestock density is a major factor. At the same time,
extensive livestock production will be subject to increasing
stress and climatic variability caused by climate change.

Scientists and policy makers have only recently begun to
explore the measures needed to deal with these impacts
and to understand the positive contribution that livestock
can make to the environment by providing environmental
services and contributing to the biodiversity of ecozones.
• The challenges facing the livestock sector cannot
be solved by isolated interventions. Understanding,
let alone solving, such complex issues requires a holistic
approach that takes account of the variety of social,
economic, and ecological settings in which livestock
are kept and that recognizes the social, health, and
environmental consequences of change. Technologies
and policies are both needed to respond to the changes
occurring today. The ability to deal with challenges will
depend on building capacity for innovation and developing
nuanced responses tailored to very diverse livestock
systems that are changing over time.

Driven by rising incomes, population growth, and urbanization, the livestock sector has experienced unparalleled
growth in the last few decades. Three major factors are
responsible for this growth: First, growth in the number of livestock is in part due to newer technologies and
the widespread application of improved genetics, animal
hygiene, and disease control measures, along with enhanced feeding and nutrition in areas previously characterized by low levels of traditional technology. Second,
the rapidly growing scale of operating units has allowed
for scale economies and a resultant reduction of production costs and access to growing formal markets. Third,
there has been a species shift from ruminants to monogastrics and a concomitant move from fibrous feed material to feed concentrates produced on arable land. These
sources of growth strongly resonate at the environmental, social, and health level, affecting human welfare in
major ways. Without any major policy changes, the large
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environmental, social, and health impacts of continuing
livestock sector growth will only increase further.
Livestock’s impact on the environment has been,
but need not be, overwhelmingly negative; research has
demonstrated the environmental damage caused when
livestock systems are managed without thought of externalities, but more recent research demonstrates the
positive impact that livestock can play by providing environmental services.
There are important greenhouse gas (GHG) emissions associated with the sector. Deforestation for
pasture and the expansion of feed crop and pasture
degradation may not accelerate, but they will continue
to release large amounts of carbon dioxide into the atmosphere. Likewise, methane emissions from ruminant
livestock and livestock waste will add to anthropogenic
GHG emissions. With the exception of some modest attempts to capture some of the methane from waste, there
are no attempts to curb these carbon dioxide and methane emissions. Livestock also have a huge impact on biodiversity in a variety of direct and indirect ways. And
water is being polluted and aquatic ecosystems compromised through overloading with nutrients, antibiotics,
and other substances.
In addition to these impacts, there is the wider concern about resource use and resource intensity in the
livestock sector. While it is true that important gains are
being made to improve the productivity of livestock in
most parts of the world, as evidenced by increasing milk
yields and offtake rates, this is achieved to a large extent
by shifting to more protein-rich feed concentrate, which
requires the cultivation and intensification of arable
land. Moreover, these productivity gains only attenuate
resource use growth but do not halt or reverse the trend
of increasing resource use by livestock. This likewise applies to land, water, and nutrients.
On the positive side of the environmental ledger,
however, livestock can be part of successful landscape
management in its extensive forms and can contribute
to biodiversity and water management. To date this role
has been largely limited to areas where large herbivores
have been part of the evolution of ecosystems. More
work is clearly needed to build on the positive and balance the equation through local management initiatives
and policies.
With regard to social aspects, the livestock sector is
tremendously important as livelihood support for the
majority of the world’s poor. For them, livestock provide an important source of nutrition, inputs to crop agriculture in the form of animal draft and manure, and an
important asset and form of insurance. These roles are
particularly important in areas that are not connected to
the global food economy. In successful developing countries, the sector is increasingly integrated into the global
food economy and exposed to domestic and international
competitive pressure as well as heightened sanitary and

food quality standards. These developments usually put
smallholder producers at a disadvantage because they
lack the knowledge and the economies of scale to compete in the marketplace, face important barriers in getting access to formal markets, and tend to be driven out
by more powerful competitors. The number of producers
declines, the size of operations increases, and intensive,
commercialized producers who are integrated in modern
markets dominate. Sector consolidation continues in industrial countries as well, leaving ever fewer producers.
In terms of health, the livestock industry has undoubtedly contributed to more people enjoying a richer
and more varied diet than at any point in recent history.
For many people in developing countries, food products
of animal origin are still a useful and much desired component of otherwise poor diets that are often characterized by protein and nutrient deficiencies. The success of
the livestock industry in providing ever larger amounts of
food while dramatically improving productivity is arguably its greatest achievement. But that accomplishment is
overshadowed by the fact that livestock products play a
central role in the diets of overnourished individuals and
have been associated with a number of noncommunicable diseases such as diabetes, cardiovascular disease, and
certain types of cancer. Equally worrisome are emerging
and reemerging diseases of animal origin that may continue to threaten human health and economic stability.
Although the overall picture is dim, there are a
number of encouraging signs. Demand will not grow
indefinitely, for example. Health, environmental, and
animal welfare concerns have already led to somewhat
decreased consumption levels of meat in industrial countries, particularly and first among the wealthier segments
of the population. There is growing recognition that eating excessive amounts of animal products is unhealthy.
In successful developing countries, growth in consumption is also slowing, in particular in China, where it has
reached about 60 kg per capita. In Latin America, meat
consumption has been traditionally high and markets are
partially close to saturation. It is uncertain whether the
traditionally vegetarian populations of South Asia will
adopt Western-style consumption patterns, however; if
so, there would be huge increases, given current population levels there. In less successful developing countries,
large increases in consumption can also be expected once
these economies grow more strongly and incomes rise.
Overall, at the world level it is likely that the largest
relative and absolute increases in meat consumption are
over, but growth is likely to continue—albeit at lower
rates—until at least 2050.
It is likely that the recent price increases for energy
and agricultural commodities will be permanent to some
extent and will further attenuate demand. Because livestock production depends to a large and growing extent
on cereals and other feed concentrates, production costs
have recently risen. Beef, which involves large amounts
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of cereals when produced in feedlots, will have relatively
high increases in production costs, while these will be
more moderate for efficient feed converters like poultry.
Together with health concerns, these price differentials
will reinforce the trend toward poultry, which on balance is the meat with the lowest environmental costs.
Recent price increases in agricultural commodities
also seem to have encouraged more reduction of subsidies that continue to be the legacy of past low commodity prices. Further trade liberalization and subsidy
reduction have the potential to stimulate productivity increases in the livestock sector. Such productivity increases
have already reduced resource requirements when measured on a unit of output basis. In fact, because there
have been significant increases in both arable crop and
livestock productivity, total land requirements have increased only marginally at an aggregate level. Given the
low productivity levels that still prevail in most developing countries, there is undoubtedly considerable potential for productivity increases that can be unleashed
by applying conventional technology in the areas of
animal genetics, feed and nutrition, animal health, and
general husbandry. Productivity increases will not only
limit resource requirements, they will also reduce GHG
emissions, in particular in ruminant livestock. However,
such productivity gains will only attenuate total growth
in resource use rather than leading to a reduction in the
foreseeable future.
The perception that meat carries higher environmental costs than most plant products is spreading. There is
growing awareness of the environmental impact of livestock production, especially intensive production, and
previous pro–livestock sector growth policies are being
reconsidered in this light. Some East Asian and Latin
American countries (China, Viet Nam, Thailand, Brazil,
and Mexico) have started to address pollution issues related to animal waste much more rigorously.
The widespread efforts to take into account the interests of poor livestock owners and producers and to
develop policy frameworks that are pro-poor illustrate
that the awareness and political will to improve the
position of this large group are growing. The recognition of pastoralists’ rights, the development of sanitary
regulations that give smallholders access to segments of
domestic markets, and the facilitation of collective action in the form of cooperatives or contract farming are
all steps in the right direction. Poor livestock owners are
increasingly also involved in collective forms of resource
management, such as in India and parts of sub-Saharan
Africa. And it is increasingly understood that a number
of traditional and emerging animal health issues are exacerbated by the dichotomous structure of the livestock
sector, with poor subsistence farmers with little biosecurity existing alongside large-scale commercial livestock
producers in the same area or connected through market
links.

There is growing recognition that human and animal
health professions and related services need to communicate and collaborate on many fronts. The recent “One
World, One Health” initiative of the Wildlife Conservation Society and other health and environmental groups
holds promise for addressing some of the joint human–
animal health challenges that are brought about by
changing ecologies and host–pathogen complexes.
From this analysis it is clear that public and private
responses to the growing challenges in the livestock sector fall short of what is needed in terms of the potential
environmental, social, and health benefits. A thorough
reform is therefore required that involves all stakeholders in industrial and developing countries alike.
In addition to these challenges, the sector needs to
adjust to higher and fluctuating fuel and grain prices.
These prices are likely to spur additional investments
into research and development and will induce more
rapid adoption of productivity-enhancing technologies among producers who are commercially oriented.
Producers will also need to comply with ever-growing
sanitary and quality standards and adjust their operating
and monitoring procedures. They will need to address
animal welfare concerns as well and allow for more natural behavior of the animal stock. In addition, producers need to accommodate different consumer demands.
These additional pressures and demands will undoubtedly result in higher production costs; they would also
slant competition toward producers who are quick to
adapt as markets change.
Demand for livestock products is an issue. As noted
earlier, a growing share of the global population, still
predominantly in industrial countries but rapidly growing in successful developing countries, consumes livestock products in excessive amounts when measured
against standards for healthy nutrition. A reduction to
more moderate levels is therefore desirable solely from
a human health perspective, and public awareness campaigns need to convey this message. Food labeling that
reports different ingredients is now commonplace in
industrial countries and is rapidly spreading among developing countries. In order to encourage fair pricing
of food items, subsidies need to be phased out. Certain
countries, particularly industrial ones, have even started
considering taxing food items because of their high fat,
sugar, or salt content.
Livestock’s contribution to climate change is another issue that needs to be addressed with urgency.
Although there are a number of uncertainties related
to the attribution and measurement of GHGs from this
sector—including land use and land use change, feed
production, enteric fermentation, and waste—there is no
dispute that major reductions are required and can be
achieved. While it is too early to predict the shape of a
possible Kyoto follow-up agreement, there is some hope
that emissions from land use and land use change and
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from other sources in the livestock sector may be explicitly considered and become part of a clean development
mechanism–type arrangement. If so, this could lead to
an incentive structure conducive to the application of
emission-reducing technologies in the livestock sector, either as part of a cap-and-trade system or in the form of a
carbon tax. This will cause the costs of carbon-intensive
production to rise and will lead to higher production
costs for beef than for poultry.
Commercially oriented livestock products will need
to be regulated much more tightly to ensure that environmental damage is accounted for. Regulations and
their enforcement will need to be directed at animal
waste and nutrient management and at the resultant air
and water pollution. De-clustering can be an effective
tool to avoid nutrient loading currently affecting areas
with high densities of animals and livestock operations.
Appropriate zoning and licensing of establishments are
required to bring nutrient flows into balance. Where this
is impossible, waste treatment and export to nutrientdeficient areas are required, but this likely carries high if
not prohibitive costs.
While extensive livestock production also has important environmental consequences, addressing these is
complicated by the low financial resources of the many
poor producers who keep livestock as part of their livelihood strategy. Public policy needs to ensure that these
producers are not marginalized economically and socially. Where the potential exists, smallholders can intensify and expand production, provided market barriers
can be minimized. Smallholders, especially pastoralists,
can play a major role in the provision of environmental services, such as carbon sequestration on degraded
rangelands, landscape maintenance, protection of biodiversity, and water management.
As long as viable livelihood strategies outside the livestock and agricultural sectors do not exist, subsistence
livestock keepers need access to land and water resources
and to markets that allow them to support themselves.
Public policies need to be geared toward protecting their
livelihoods by providing them with secure access to key
resources, by assisting local communities in protecting livestock against infectious diseases, and by helping
them adjust their stock as part of a community-driven
drought strategy. Extensive livestock production and the
many livelihoods sustained by it will likely be affected by
climate change in a major way, and a humanitarian crisis
in marginal zones is a daunting prospect that national
and international agencies need to prepare for.

The heightened requirements for biosecurity will have
important consequences for the structure of commercially
oriented livestock production. The establishment of biosecure systems and monitoring has strong economies of
scale, and larger operations have an advantage over smaller
ones. Ultimately, the key to biosecurity is to reduce physical contact between humans and animals to the utmost
degree possible. Automation is likely to play a large role
not only because it reduces labor costs but particularly
because pathogen incursion can effectively be reduced or
prevented by eliminating direct contact. This is bound
to increase the dichotomous nature of the sector. While
backyard and other extensive forms of production will
continue to exist, there will be growing pressure on the
“middle ground” (i.e., medium-size systems that operate
at intermediate levels of biosecurity with relatively high
production costs compared with their large-scale competitors). Growing integration of producers with food
chains and large-scale processors and retailers will further accelerate the structural change process.
Structural change driven by economies of scale and
sanitary requirements is likely to be inevitable in open
economies. Particularly in monogastric production, the
number of producers declines but income and employment are created in growing food chains. Public policy
efforts, for example, through sector protection, are likely
to be ineffective in reversing this process and may at best
retard it. This may be justified in places where large segments of the population are engaged in primary livestock
production and where alternative sources of income are
not readily available.
While structural change, growing intensities, a shift
to monogastrics, and the application of productivityenhancing technologies have negative social implications
in some places, they will help reduce overall resource requirements of the livestock sector. Economic forces and
sanitary requirements are driving this process, which will
only accelerate if food and energy prices stay high.
The bottom line is that extensive production, while
environmentally and socially benign in some places, will
not be capable of meeting the growing demands of an expanding and more affluent world population. Thus there
is no realistic alternative to intensive production. Making intensification more sustainable while taking into account environmental consequences, animal welfare, and
human health is the challenge facing the livestock sector
in a changing landscape, and it offers exciting opportunities for innovative technology, policy, and institutional
development.
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Acronyms and Abbreviations

AAP
ACU
ANPP
ASF
BNF
BSE
CAP
CBD
CBPP
CDM
CER
CIRAD

CIS
CSF
DALY
DIN
DON
EMPRES

ET
EU
FAO
FMD
GDP
GHGs
GLEWS
GNI
GNP
GREP
HACCP
HKI
HNV
HPAI
IAPS

American Academy of Pediatrics
adult cattle units
aboveground net primary production
animal source food
biological nitrogen fixation
bovine spongiform encephalitis (mad cow disease)
Common Agricultural Policy (of the EU)
Convention on Biological Diversity
contagious bovine pleuropneumonia
clean development mechanism
certified emissions reduction
Centre de Coopération Internationale
en Recherche Agronomique pour le
Développement (French Agricultural Research
Centre for International Development)
Commonwealth of Independent States
classical swine fever
disability-adjusted life-year
dissolved inorganic nitrogen
dissolved organic nitrogen
Emergency Prevention System for
Transboundary Animal and Plant Pests and
Diseases
evapotranspiration
European Union
Food and Agriculture Organization, United
Nations
foot-and-mouth disease
gross domestic product
greenhouse gases
Global Early Warning and Response System for
Major Animal Diseases, including Zoonoses
gross national income
gross national product
Global Rinderpest Eradication Programme
hazard analysis and critical control point
Helen Keller International
high nature value
highly pathogenic avian influenza
industrialized (intensive) animal production
systems

ILRI
INRA

IPCC
IRD
ISRA

IUCN
IVM
LEAD
LUCC
LULUCF
MA
MAP
MDG
ME
MFP
MND
MPA
NCRSP
NGO
NPP
NSF
OECD
OIE
PA
PACE
PARC
PEM
PES
PFP
Pg
PN

International Livestock Research Institute
Institut National de la Recherche Agronomique
(French National Institute for Agricultural
Research)
Intergovernmental Panel on Climate Change
Institut de Recherche pour le Développement
(Research Institute for Development [France])
Institut Sénégalais de Recherches Agricoles
(Senegalese Institute for Agricultural Research
[Senegal])
International Union for Conservation of Nature
integrated vector management
Livestock, Environment and Development
Initiative (FAO)
land use, climate change
land use, land use change, and forestry
Millennium Ecosystem Assessment
mean annual precipitation
Millennium Development Goal
multilateral environmental agreement
meat, fish, and poultry
micronutrient deficiency
marine protected area
Nutrition Collaborative Research Support
Program
nongovernmental organization
net primary production
National Science Foundation, USA
Organisation for Economic Cooperation and
Development
World Organisation for Animal Health (from
original name in French)
protected area
Pan-African Programme for the Control of
Epizootics
Pan-African Rinderpest Campaign
protein-energy malnutrition
payment for environmental services
partial factor productivity
petagrams
particulate nitrogen
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PPP
PUFA
RBO
REML
SARS
SCOPE
SHL
SOC
SPS
TFP
TRQ
UNCCD
UNDP

purchasing power parity
polyunsaturated fatty acids
river basin organization
residual maximum likelihood
severe acute respiratory syndrome
Scientific Committee on Problems of the
Environment
Swiss College of Agriculture
soil organic carbon
sanitary and phytosanitary
total factor productivity
tariff rate quota
United Nations Convention to Combat
Desertification
United Nations Development Programme

UNEP
UNFCCC
URAA
USAID
USDA
USDA–ARS
USGS
WAHID
WANA
WFP
WWF

United Nations Environment Programme
United Nations Framework Convention on
Climate Change
Uruguay Round Agreement on Agriculture
U.S. Agency for International Development
U.S. Department of Agriculture
U.S. Department of Agriculture–Agricultural
Research Service
United States Geological Survey
World Animal Health Information Database
West Asia and North Africa
World Food Programme
World Wide Fund for Nature/World Wildlife
Fund
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Chemical Symbols, Compounds, and Units of Measurement

CH4
CO
CO2
GtC-eq
N
N2O

methane
carbon monoxide
carbon dioxide
gigatons of carbon equivalent
nitrogen
nitrous oxide

NOx
ppmv
SO2
Teragram
M–Mega

nitrogen oxides
parts per million by volume
sulfur dioxide
1012 grams
SI system of units denoting a factor of 10 to the
sixth power, or 1,000,000 (one million)
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The note number following each term indicates the source reference at the end of the glossary for the term and
definition.
Adaptive management4 The mode of operation in which an
intervention (action) is followed by monitoring (learning), with the information then being used in designing
and implementing the next intervention (acting again) to
steer the system toward a given objective or to modify
the objective itself.
Agroecological classification1 Based on length of available
growing period (LGP), which is defined as the period (in
days) during the year when rainfed available soil moisture
supply is greater than half potential evapotranspiration
(PET). It includes the period required for evapotranspiration of up to 100 mm of available soil moisture stored
in the soil profile. It excludes any time interval with daily
mean temperatures less than 5°C.
• Arid LGP less than 75 days
• Semiarid LGP in the range 75–180 days
• Subhumid LGP in the range 180–270 days
• Humid LGP greater than 270 days
Agropastoralism2 A production system where all of the family
and livestock are sedentary.
Arid zones1 The areas where the growing period is less than
75 days, too short for reliable rainfed agriculture. The
coefficient of variation of the annual rainfalls is high, up
to 30%. Abiotic factors, especially rainfall, determine
the state of the vegetation. The nonequilibrium theory
applies in this environment. The main systems found in
these zones are the mobile systems on communal lands.
Some cases of ranching are present.
Benefits transfer4 Economic valuation approach in which estimates obtained (by whatever method) in one context
are used to estimate values in a different context. This
approach is widely used because of its ease and low cost
but is risky because values are context-specific and cannot usually be transferred.
Biodiversity4 The variability among living organisms from all
sources including terrestrial, marine, and other aquatic
ecosystems and the ecological complexes of which they
are part; this includes diversity within and among species
and diversity within and among ecosystems.
Biomass4 The mass of living tissues in ecosystems.
Biosolids3 Organic solids resulting from wastewater treatment
that can be usefully recycled.
Capacity building4 A process of strengthening or developing
human resources, institutions, or organizations.
Capital value (of an ecosystem)4 The present value of the
stream of future benefits that an ecosystem will generate
under a particular management regime. Present values are
typically obtained by discounting future benefits and costs;

the appropriate rates of discount are often a contested issue, particularly in the context of natural resources.
Change in productivity approach4 Economic valuation techniques that value the impact of changes in ecosystems
by tracing their impact on the productivity of economic
production processes. For example, the impact of deforestation could be valued (in part) by tracing the impact
of the resulting changes in hydrological flows on downstream water uses such as hydroelectricity production,
irrigated agriculture, and potable water supply.
Characteristic scale4 The typical extent or duration over which
a process is most significantly or apparently expressed.
Constituents of well-being4 The experiential aspects of wellbeing, such as health, happiness, and freedom to be and
do, and, more broadly, basic liberties.
Cultural services4 The nonmaterial benefits people obtain
from ecosystems through spiritual enrichment, cognitive
development, reflection, recreation, and aesthetic experience, including, for example, knowledge systems, social
relations, and aesthetic values.
Decision maker4 A person whose decisions and actions can influence a condition, process, or issue under consideration.
Decomposition4 The ecological process carried out primarily
by microbes that leads to a transformation of dead organic matter into inorganic mater; the converse of biological production. For example, the transformation of dead
plant material, such as leaf litter and dead wood, into carbon dioxide, nitrogen gas, and ammonium and nitrates.
Driver4 Any natural or human-induced factor that directly or
indirectly causes a change in an ecosystem (system).
Driver, direct4 A driver that unequivocally influences ecosystem (system) processes and can therefore be identified
and measured to differing degrees of accuracy.
Driver, endogenous4 A driver whose magnitude can be influenced by the decision maker. The endogenous or
exogenous characteristic of a driver depends on the organizational scale. Some drivers (e.g., prices) are exogenous to a decision maker at one level (a farmer) but
endogenous at other levels (the nation-state).
Driver, exogenous4 A driver that cannot be altered by the decision maker. See also endogenous driver.
Driver, indirect4 A driver that operates by altering the level or
rate of change of one or more direct drivers.
Ecological footprint4 The area of productive land and aquatic
ecosystems required to produce the resources used and
to assimilate the wastes produced by a defined population at a specified material standard of living, wherever
on Earth that land may be located.

380

Copyright © 2010 Island Press. Please do not copy or circulate.

Glossary | 381

Ecosystem4 A dynamic complex of plant, animal, and microorganism communities and their nonliving environment
interacting as a functional unit.
Ecosystem approach4 A strategy for the integrated management of land, water, and living resources that promotes
conservation and sustainable use in an equitable way. An
ecosystem approach is based on the application of appropriate scientific methodologies focused on levels of
biological organization, which encompass the essential
structure, processes, functions, and interactions among
organisms and their environment. It recognizes that humans, with their cultural diversity, are an integral component of many ecosystems.
Ecosystem function4 An intrinsic ecosystem characteristic related to the set of conditions and processes whereby an ecosystem maintains its integrity (such as primary productivity,
food chain, biogeochemical cycles). Ecosystem functions
include such processes as decomposition, production, nutrient cycling, and fluxes of nutrients and energy.
Ecosystem health4 A measure of the stability and sustainability of ecosystem functioning or ecosystem goods and
services that depends on an ecosystem being active and
maintaining its organization, autonomy, and resilience
over time. Ecosystem health contributes to human wellbeing through sustainable ecosystem services and conditions for human health.
Ecosystem interactions4 Exchanges of materials and energy
among ecosystems.
Ecosystem properties4 The size, biodiversity, stability, degree
of organization, internal exchanges of materials and energy among different pools, and other properties that
characterize an ecosystem.
Ecosystem services4 The benefits people obtain from ecosystems. These include provisioning services such as food
and water; regulating services such as flood and disease
control; cultural services such as spiritual, recreational,
and cultural benefits; and supporting services such as
nutrient cycling that maintain the conditions for life on
Earth. The concept of ecosystem goods and services is
synonymous with ecosystem services.
Extensive5 A livestock production system that uses predominantly noncommercial inputs to the system.
Externality4 A consequence of an action that affects someone
other than the agent undertaking that action and for
which the agent is neither compensated nor penalized.
Externalities can be positive or negative.
Grazing system1 The grazing system is predominantly dependent on the natural productivity of grasslands and
is therefore defined largely by the agroecological zone.
The populations relying on these systems are generally
referred to as pastoralist groups, with their main differences defined by their mobility in response to environmental variability. At one extreme the nomadic groups
are highly mobile, living in areas with major differences
in both seasonal and annual climatic patterns. At the
other end agropastoralists and ranchers operate sedentary systems where seasonal and annual climatic variations are minor.
Grazing systems1 Livestock systems in which more than 90%
of dry matter fed to animals comes from rangelands,
pastures, annual forages, and purchased feeds and less

than 10% of the total value of production comes from
nonlivestock farming activities. Annual stocking rates
are less than 10 livestock units per hectare of agricultural land. Grazing systems are described for each of the
following regions arid, semiarid, subhumid and humid,
temperate, and tropical highlands.
Indicator4 Information based on measured data used to represent a particular attribute, characteristic, or property of
a system.
Industrial livestock system1 Industrial systems are primarily
directed at producing high-quality animal protein and
other animal products for the urban markets. As a result
of this market demand, intensive animal production and
processing often take place near urban areas, while primary feed production takes place in distant rural areas.
Industrial systems are generally considered modern and
efficient, requiring a high level of knowledge and skill.
Production techniques are more or less independent of
the agroecological zone and of the climate, which explains the worldwide occurrence of the industrial system.
These systems have average stocking rates greater than
10 livestock units per hectare of agricultural land, and
<10% of the dry matter fed to livestock is produced on
the farm. (This is similar to Seré and Steinfeld’s classification Landless Livestock Production Systems.) Industrial
livestock production systems are associated with a concentration of animals into large units, generally concentrating on a single species. They produce large volumes
of waste material, can lead to high animal and human
health risks, and pay less attention to animal welfare.
Industrial production also occurs in small units operated
by specialized smallholders as part of the mixed livestock
system.
Intensive5 A livestock production system that relies on commercial inputs and trade.
Land cover4 The physical coverage of land, usually expressed
in terms of vegetation cover or lack of it. Influenced by
but not synonymous with land use.
Land use4 The human utilization of a piece of land for a certain purpose (such as irrigated agriculture or recreation).
Influenced by but not synonymous with land cover.
Landscape4 An area of land that contains a mosaic of ecosystems, including human-dominated ecosystems. The term
cultural landscape is often used when referring to landscapes containing significant human populations.
Livestock mobility2 Can be divided into macromobility, which
refers to large movements (such as transhumance between
dry season and wet season pastures) and micromobility,
referring to daily or frequent movement between microniches within the same pasture.
Livestock unit (LU)3 A unit used to compare or aggregate numbers of animals of different species or categories. Equivalences are defined on the feed requirements (or sometimes
nutrient excretion). For example for the EU, one 600 kg
dairy cow producing 3000 liters of milk per year equals
1 LU, a sow equals 0.45 LU, and a ewe equals 0.18 LU.
Manure supernatant3 The upper liquid fraction after sedimentation of liquid waste or liquid manure.
Mixed systems1 Farming systems conducted by households or
by enterprises where crop cultivation and livestock rearing are more or less integrated components of one single
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farming system. The more integrated systems are characterized by interdependency between crop and livestock
activities. They are basically resource driven, aiming at
an optimal circulation of locally available nutrients (nutrient circulation systems); for example, ecological farming and some, but not all, low external input agriculture
(LEIA) systems. The less integrated systems are those
where crop and livestock activities can make use of, but
not rely on, each other. In general one or both activities
are demand driven, supported by external inputs (nutrient throughput systems); for example, high external input agriculture (HEIA) systems. Mixed systems are those
systems in which more than 10% of the dry matter fed to
livestock comes from crop by-products and/or stubble or
more than 10% of the value of production comes from
nonlivestock farming activities.
Nomad2 Production system that is highly mobile but does not
necessarily return to a “base” every year and does not
include cultivation (e.g., nomads of the Sahara). See also
pastoralism.
Organic residues3 Organic material resulting from dead plant
material or by-products from processing organic materials of the food industry or other industry.
Organic wastes3 A general term for any wastes from organic
rather than inorganic origin and so containing carbon
(e.g., livestock manure, sewage sludge, abattoir wastes).
Pastoralism2 Predominantly extensive production system that
depends on livestock for more than 50% of income; includes nomads, transhumants, and semitranshumants.
Precautionary principle4 The management concept stating that
in cases “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,” as defined in the
Rio Declaration.
Prediction (or forecast)4 The result of an attempt to produce
a most likely description or estimate of the actual evolution of a variable or system in the future. See also projection and scenario.
Primary production4 Assimilation (gross) or accumulation
(net) of energy and nutrients by green plants and by organisms that use inorganic compounds as food.
Private costs and benefits4 Costs and benefits directly felt
by individual economic agents or groups as seen from
their perspective. (Externalities imposed on others are
ignored.) Costs and benefits are valued at the prices actually paid or received by the group, even if these prices are
highly distorted. Sometimes termed “financial” costs and
benefits. Compare social costs and benefits.
Provisioning services4 Products obtained from ecosystems, including, for example, genetic resources, food and fiber,
and freshwater.
Resilience4 The capacity of a system to tolerate impacts of drivers without irreversible change in its outputs or structure.
Responses4 Human actions, including policies, strategies, and
interventions, to address specific issues, needs, opportunities, or problems. In the context of ecosystem management, responses may be of a legal, technical, institutional,
economic, and behavioral nature and may operate at a
local or micro, regional, national, or international level
and at various time scales.

Scale4 The physical dimensions, in either space or time, of
phenomena or observations.
Scenario4 A plausible and often simplified description of
how the future may develop, based on a coherent and
internally consistent set of assumptions about key driving forces (e.g., rate of technology change, prices) and
relationships. Scenarios are neither predictions nor
projections and sometimes may be based on a “narrative storyline.” Scenarios may be derived from projections but are often based on additional information from
other sources.
Semitranshumant2 Production system where only part of the
family and/or livestock is seasonally mobile and the rest
is sedentary in one of the seasonal bases, practicing cultivation (e.g., Dinka tribe of Sudan and Karimojong tribe
of Uganda).
Solid manure3 Manure from housed livestock that does not
flow under gravity, cannot be pumped but can be stacked
in a heap. May include manure from cattle, pigs, poultry, horses, sheep, goats, camelids, and rabbits. There are
several types of solid manure arising from different types
of livestock housing, manure storage, and treatment.
Stakeholder4 An actor having a stake or interest in a physical
resource, ecosystem service, institution, or social system,
or someone who is or may be affected by a public policy.
Stocking rate3 The number of livestock (or livestock units) per
unit area of land.
Sustainability4 A characteristic or state whereby the needs of
the present and local population can be met without
compromising the ability of future generations or populations in other locations, in order to meet their needs.
Transhumant2 Production system that is highly mobile but
moves between definite seasonal bases every year (e.g.,
Samburu of Kenya); it may include a nonsedentary
form of cultivation (e.g., Zaghawa of Chad). See also
pastoralism.
Valuation4 The process of expressing a value for a particular
good or service in a certain context (e.g., of decision making), usually in terms of something that can be counted,
often money, but also through methods and measures
from other disciplines (sociology, ecology, and so on).
Well-being4 A context- and situation-dependent state, comprising basic material for a good life, freedom and choice,
health, good social relations, and security.
Notes
Excerpts from the LEAD Toolkit (http://www.fao.org/lead/)
and Seré and Steinfeld (1996). World livestock production
systems: current status, issues and trends. Animal Production and Health Paper No. 127. FAO, Rome.
2
Source: Extract from Pastoral development in Africa. Proceedings of the first technical consultation of donor and international development agencies, Paris, December 1993. UNSO/
UNDP, 1994.
1

Source: RAMIRAN Glossary of terms on manure management
2003.
4
Source: Millennium Ecosystem Assessment, 2005. Ecosystems and
human well-being: Synthesis. Island Press, Washington, DC.
3

Derived from LCL Consultation working group discussion.
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