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Preface

The in-depth assessment presented in this document of the various significant impacts
of the world’s livestock sector on the environment is deliberately termed Livestock’s long
shadow so as to help raise the attention of both the technical and the general public to the
very substantial contribution of animal agriculture to climate change and air pollution, to
land, soil and water degradation and to the reduction of biodiversity. This is not done simply
to blame the rapidly growing and intensifying global livestock sector for severely damag-
ing the environment but to encourage decisive measures at the technical and political
levels for mitigating such damage. The detailed assessment of the various environmental
impacts of the sector is therefore associated with the outline of technical and policy-
related action to address these impacts.

The assessment builds on the work of the Livestock, Environment and Development
(LEAD] Initiative. This multi-stakeholder Initiative, coordinated by FAQ's Animal Production
and Health Division, was formed to address the environmental consequences of livestock
production, particularly in the light of rising demand for food products of animal origin
and the increasing pressure on natural resources. The LEAD Initiative brought together
a broad range of research and development institutions and individuals interested in
livestock-environment interactions; it has been active in a number of areas of particular
concern, i.e. in land and water pollution from intensive livestock production in land degra-
dation from overgrazing in dry lands and in livestock-induced deforestation in the humid
and subhumid tropics.

While previous assessments of the livestock-environment interactions by LEAD have
adopted a livestock sector perspective, i.e. investigated the impacts of the sector on the
natural resources used in animal production, the current assessment sets off from the
environment and determines the contribution of livestock to changes to the environment
(land use and climate change, soil, water and biodiversity depletion). The benefit of this
change in perspective is substantial in that it provides the framework for gauging the sig-
nificant and dynamic role of the livestock sector in driving global environmental change.
This in turn should assist and enhance decision-making on necessary action at all levels,
from local to global, from private to public, from individual to corporate and from non-
governmental to intergovernmental. Action is required: if, as predicted, the production of
meat will double from now to 2050, we need to halve impacts per unit of output to achieve
a mere status quo in overall impact.

LEAD has been catalysing such action, supported by the Global Environment Facility
(GEF) and other donors, in a range of livestock-induced environmental “hotspots”, such as
in East and Southeast Asia where solutions are designed for the sustainable management
of the very large quantities of livestock waste in intensive animal production, such as in
Central America where new procedures are introduced for the payment of environmental
services in livestock-based land use, and such as in the United Republic of Tanzania where



sustainable wildlife-livestock interactions are designed. Such efforts require decisions
on, and enforcement of, suitable policy instruments for enabling stakeholder engagement
in economically sustainable resource use that addresses the environmental concerns at
stake.

It is obvious that the responsibility for the necessary action to address the environmental
damage by the livestock sector goes far beyond the sector; it also goes beyond agriculture.
While the sector, and agriculture as a whole, have to live up to the challenge of finding
suitable technical solutions for more environmentally sustainable resource use in animal
agriculture, the decisions concerning their use clearly transcend agriculture; multisector
and multiobjective decision-making is required.

It is hoped that this assessment contributes to such decision-making and to thus shrink
“Livestock’s long shadow’”.

e B

Samuel Jutzi
Director
Animal Production and Health Division
FAO
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Executive summary

This report aims to assess the full impact of the livestock sector on environmental prob-
lems, along with potential technical and policy approaches to mitigation. The assess-
ment is based on the most recent and complete data available, taking into account direct
impacts, along with the impacts of feedcrop agriculture required for livestock production.

The livestock sector emerges as one of the top two or three most significant contribu-
tors to the most serious environmental problems, at every scale from local to global. The
findings of this report suggest that it should be a major policy focus when dealing with
problems of land degradation, climate change and air pollution, water shortage and water
pollution and loss of biodiversity.

Livestock’s contribution to environmental problems is on a massive scale and its poten-
tial contribution to their solution is equally large. The impact is so significant that it needs
to be addressed with urgency. Major reductions in impact could be achieved at reasonable
cost.

Global importance of the sector

Although economically not a major global player, the livestock sector is socially and
politically very significant. It accounts for 40 percent of agricultural gross domestic product
(GDP). It employs 1.3 billion people and creates livelihoods for one billion of the world’s
poor. Livestock products provide one-third of humanity’s protein intake, and are a contrib-
uting cause of obesity and a potential remedy for undernourishment.

Growing populations and incomes, along with changing food preferences, are rapidly
increasing demand for livestock products, while globalization is boosting trade in livestock
inputs and products. Global production of meat is projected to more than double from
229 million tonnes in 1999/01 to 465 million tonnes in 2050, and that of milk to grow from
580 to 1 043 million tonnes. The environmental impact per unit of livestock production
must be cut by half, just to avoid increasing the level of damage beyond its present level.

Structural changes and their impact
The livestock sector is undergoing a complex process of technical and geographical
change, which is shifting the balance of environmental problems caused by the sector.
Extensive grazing still occupies and degrades vast areas of land; though there is an
increasing trend towards intensification and industrialization. Livestock production is
shifting geographically, first from rural areas to urban and peri-urban, to get closer to
consumers, then towards the sources of feedstuff, whether these are feedcrop areas, or
transport and trade hubs where feed is imported. There is also a shift of species, with
production of monogastric species (pigs and poultry, mostly produced in industrial units)
growing rapidly, while the growth of ruminant production (cattle, sheep and goats, often



raised extensively) slows. Through these shifts, the livestock sector enters into more and
direct competition for scarce land, water and other natural resources.

These changes are pushing towards improved efficiency, thus reducing the land area
required for livestock production. At the same time, they are marginalizing smallholders
and pastoralists, increasing inputs and wastes and increasing and concentrating the pol-
lution created. Widely dispersed non-point sources of pollution are ceding importance to
point sources that create more local damage but are more easily regulated.

Land degradation

The livestock sector is by far the single largest anthropogenic user of land. The total area
occupied by grazing is equivalent to 26 percent of the ice-free terrestrial surface of the
planet. In addition, the total area dedicated to feedcrop production amounts to 33 percent
of total arable land. In all, livestock production accounts for 70 percent of all agricultural
land and 30 percent of the land surface of the planet.

Expansion of livestock production is a key factor in deforestation, especially in Latin
America where the greatest amount of deforestation is occurring - 70 percent of previous
forested land in the Amazon is occupied by pastures, and feedcrops cover a large part of
the remainder. About 20 percent of the world’s pastures and rangelands, with 73 percent of
rangelands in dry areas, have been degraded to some extent, mostly through overgrazing,
compaction and erosion created by livestock action. The dry lands in particular are affected
by these trends, as livestock are often the only source of livelihoods for the people living
in these areas.

Overgrazing can be reduced by grazing fees and by removing obstacles to mobility on
common property pastures. Land degradation can be limited and reversed through soil
conservation methods, silvopastoralism, better management of grazing systems, limits to
uncontrolled burning by pastoralists and controlled exclusion from sensitive areas.

Atmosphere and climate

With rising temperatures, rising sea levels, melting icecaps and glaciers, shifting ocean
currents and weather patterns, climate change is the most serious challenge facing the
human race.

The livestock sector is a major player, responsible for 18 percent of greenhouse gas
emissions measured in CO, equivalent. This is a higher share than transport.

The livestock sector accounts for 9 percent of anthropogenic CO, emissions. The largest
share of this derives from land-use changes - especially deforestation - caused by expan-
sion of pastures and arable land for feedcrops. Livestock are responsible for much larger
shares of some gases with far higher potential to warm the atmosphere. The sector emits
37 percent of anthropogenic methane (with 23 times the global warming potential (GWP) of
C0,) most of that from enteric fermentation by ruminants. It emits 65 percent of anthropo-
genic nitrous oxide (with 296 times the GWP of CO,), the great majority from manure. Live-
stock are also responsible for almost two-thirds (64 percent) of anthropogenic ammonia
emissions, which contribute significantly to acid rain and acidification of ecosystems.

This high level of emissions opens up large opportunities for climate change mitiga-
tion through livestock actions. Intensification - in terms of increased productivity both in
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livestock production and in feedcrop agriculture - can reduce greenhouse gas emissions
from deforestation and pasture degradation. In addition, restoring historical losses of
soil carbon through conservation tillage, cover crops, agroforestry and other measures
could sequester up to 1.3 tonnes of carbon per hectare per year, with additional amounts
available through restoration of desertified pastures. Methane emissions can be reduced
through improved diets to reduce enteric fermentation, improved manure management
and biogas - which also provide renewable energy. Nitrogen emissions can be reduced
through improved diets and manure management.

The Kyoto Protocol's clean development mechanism (CDM] can be used to finance the
spread of biogas and silvopastoral initiatives involving afforestation and reforestation.
Methodologies should be developed so that the CDM can finance other livestock-related
options such as soil carbon sequestration through rehabilitation of degraded pastures.

Water

The world is moving towards increasing problems of freshwater shortage, scarcity and
depletion, with 64 percent of the world’s population expected to live in water-stressed
basins by 2025.

The livestock sector is a key player in increasing water use, accounting for over 8 percent
of global human water use, mostly for the irrigation of feedcrops. It is probably the largest
sectoral source of water pollution, contributing to eutrophication, “dead” zones in coastal
areas, degradation of coral reefs, human health problems, emergence of antibiotic resist-
ance and many others. The major sources of pollution are from animal wastes, antibiotics
and hormones, chemicals from tanneries, fertilizers and pesticides used for feedcrops,
and sediments from eroded pastures. Global figures are not available but in the United
States, with the world’s fourth largest land area, livestock are responsible for an estimated
55 percent of erosion and sediment, 37 percent of pesticide use, 50 percent of antibiotic
use, and a third of the loads of nitrogen and phosphorus into freshwater resources.

Livestock also affect the replenishment of freshwater by compacting soil, reducing infil-
tration, degrading the banks of watercourses, drying up floodplains and lowering water
tables. Livestock’'s contribution to deforestation also increases runoff and reduces dry
season flows.

Water use can be reduced through improving the efficiency of irrigation systems.
Livestock’s impact on erosion, sedimentation and water regulation can be addressed by
measures against land degradation. Pollution can be tackled through better management
of animal waste in industrial production units, better diets to improve nutrient absorption,
improved manure management (including biogas) and better use of processed manure on
croplands. Industrial livestock production should be decentralized to accessible croplands
where wastes can be recycled without overloading soils and freshwater.

Policy measures that would help in reducing water use and pollution include full cost
pricing of water (to cover supply costs, as well as economic and environmental externali-
ties), regulatory frameworks for limiting inputs and scale, specifying required equipment
and discharge levels, zoning regulations and taxes to discourage large-scale concentra-
tions close to cities, as well as the development of secure water rights and water markets,
and participatory management of watersheds.



Biodiversity

We are in an era of unprecedented threats to biodiversity. The loss of species is estimated
to be running 50 to 500 times higher than background rates found in the fossil record. Fif-
teen out of 24 important ecosystem services are assessed to be in decline.

Livestock now account for about 20 percent of the total terrestrial animal biomass, and
the 30 percent of the earth’s land surface that they now pre-empt was once habitat for
wildlife. Indeed, the livestock sector may well be the leading player in the reduction of
biodiversity, since it is the major driver of deforestation, as well as one of the leading driv-
ers of land degradation, pollution, climate change, overfishing, sedimentation of coastal
areas and facilitation of invasions by alien species. In addition, resource conflicts with
pastoralists threaten species of wild predators and also protected areas close to pastures.
Meanwhile in developed regions, especially Europe, pastures had become a location of
diverse long-established types of ecosystem, many of which are now threatened by pasture
abandonment.

Some 306 of the 825 terrestrial ecoregions identified by the Worldwide Fund for Nature
(WWF) - ranged across all biomes and all biogeographical realms, reported livestock as
one of the current threats. Conservation International has identified 35 global hotspots for
biodiversity, characterized by exceptional levels of plant endemism and serious levels of
habitat loss. Of these, 23 are reported to be affected by livestock production. An analysis of
the authoritative World Conservation Union (IUCN] Red List of Threatened Species shows
that most of the world's threatened species are suffering habitat loss where livestock are
a factor.

Since many of livestock’s threats to biodiversity arise from their impact on the main
resource sectors (climate, air and water pollution, land degradation and deforestation),
major options for mitigation are detailed in those sections. There is also scope for improv-
ing pastoralists’ interactions with wildlife and parks and raising wildlife species in live-
stock enterprises.

Reduction of the wildlife area pre-empted by livestock can be achieved by intensification.
Protection of wild areas, buffer zones, conservation easements, tax credits and penalties
can increase the amount of land where biodiversity conservation is prioritized. Efforts
should extend more widely to integrate livestock production and producers into landscape
management.

Cross-cutting policy frameworks

Certain general policy approaches cut across all the above fields. A general conclusion is
that improving the resource use efficiency of livestock production can reduce environmen-
tal impacts.

While regulating about scale, inputs, wastes and so on can help, a crucial element in
achieving greater efficiency is the correct pricing of natural resources such as land, water
and use of waste sinks. Most frequently natural resources are free or underpriced, which
leads to overexploitation and pollution. Often perverse subsidies directly encourage live-
stock producers to engage in environmentally damaging activities.

A top priority is to achieve prices and fees that reflect the full economic and environmen-
tal costs, including all externalities. One requirement for prices to influence behaviour is
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that there should be secure and if possible tradable rights to water, land, use of common
land and waste sinks.

Damaging subsidies should be removed, and economic and environmental externalities
should be built into prices by selective taxing of and/or fees for resource use, inputs and
wastes. In some cases direct incentives may be needed.

Payment for environmental services is an important framework, especially in relation
to extensive grazing systems: herders, producers and landowners can be paid for specific
environmental services such as regulation of water flows, soil conservation, conservation
of natural landscape and wildlife habitats, or carbon sequestration. Provision of environ-
mental services may emerge as a major purpose of extensive grassland-based production
systems.

An important general lesson is that the livestock sector has such deep and wide-ranging
environmental impacts that it should rank as one of the leading focuses for environmental
policy: efforts here can produce large and multiple payoffs. Indeed, as societies develop, it
is likely that environmental considerations, along with human health issues, will become
the dominant policy considerations for the sector.

Finally, there is an urgent need to develop suitable institutional and policy frameworks,
at local, national and international levels, for the suggested changes to occur. This will
require strong political commitment, and increased knowledge and awareness of the
environmental risks of continuing “business as usual” and the environmental benefits of
actions in the livestock sector.









Livestock activities have significant impact
on virtually all aspects of the environment,
including air and climate change, land and soil,
water and biodiversity. The impact may be direct,
through grazing for example, or indirect, such
as the expansion of soybean production for feed
replacing forests in South America.

Livestock's
is already huge, and it is growing and rap-
idly changing. Global demand for meat, milk and
eggs is fast increasing, driven by rising incomes,
growing populations and urbanization.

impact on the environment

As an economic activity, livestock production
is technically extremely diverse. In countries or
areas where there is no strong demand for food
products of animal origin, subsistence and low-

input production prevails, mainly for subsist-

ence rather than for commercial purposes. This
contrasts with commercial, high-input produc-
tion in areas serving a growing or established
high demand. Such diverse production systems
make extremely diverse claims on resources.
The diversity of production systems and interac-
tions makes the analysis of the livestock-envi-
ronment interface complex and sometimes con-
troversial.

The livestock sector affects a vast range of nat-
ural resources, and must be carefully managed
given the increasing scarcity of these resources
and the opportunities that they represent for
other sectors and activities. While intensive
livestock production is booming in large emerg-
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ing countries, there are still vast areas where
extensive livestock production and its associated
livelihoods persist. Both intensive and extensive
production requires attention and intervention so
that the livestock sector can have fewer negative
and more positive impacts on national and global
public goods.

A major motivation for this assessment is
that the environmental issues linked to livestock
have not generally received an adequate insti-
tutional response - neither in developing nor in
developed countries. Livestock sector growth
in some places, and stagnation with poverty in
others, go largely uncontrolled. Although usually
considered part of agriculture, in many places
livestock production has grown in the same way
as industry, and is no longer directly tied to land
or to specific locations.

As the environment around the animals is
increasingly modified and standardized, environ-
mental impacts swiftly change. Public policies, in
developed and developing countries alike, barely
keep pace with rapid transformations in produc-
tion technology and structural shifts in the sec-
tor. Environmental laws and programmes are
usually put in place only after significant damage
has already occurred. The focus continues to
be placed on protection and restoration, rather
than on the more cost-effective approaches of
prevention and mitigation.

In the varied contexts of the livestock sec-
tor, environmental issues require an integrated
approach, combining policy measures and tech-
nology changes, within a framework of multiple
objectives.

The livelihood concerns of hundreds of mil-
lions of poor livestock holders, who often engage
in livestock production because they have no
alternative, must be taken into account. The
demands of the emerging middle class, who are
consuming growing amounts of meat, milk and
eggs, cannot be ignored either. Attempts to curb
the booming demand for these products have
generally proved ineffective.

Better policies in the livestock sector are an

environmental requirement, and a social and
health necessity. Animal foods are susceptible
to pathogens and often carry chemical residues.
Food safety requirements must be met, and are
generally a prerequisite in formal markets.

The previous assessments of the Livestock
Environment and Development (LEAD] Initiative
(de Haan, Steinfeld and Blackburn, 1997; Stein-
feld, de Haan and Blackburn, 1997) emphasized
the livestock sector perspective and analysed
livestock-environment interactions from the
perspective of a livestock production system.

This updated assessment inverts this approach
and starts from an environmental perspective. It
attempts to provide an objective assessment of
the many diverse livestock-environment interac-
tions. Economic, social and public health objec-
tives are of course taken into account so as to
reach realistic conclusions. This assessment
then outlines a series of potential solutions that
can effectively address the negative consequenc-
es of livestock production.

1.1 Livestock as a major player in
global environmental issues
Livestock have a substantial impact on the
world’'s water, land and biodiversity resources
and contribute significantly to climate change.
Directly and indirectly, through grazing and
through feedcrop production, the livestock sec-
tor occupies about 30 percent of the ice-free
terrestrial surface on the planet. In many situ-
ations, livestock are a major source of land-
based pollution, emitting nutrients and organic
matter, pathogens and drug residues into riv-
ers, lakes and coastal seas. Animals and their
wastes emit gases, some of which contribute to
climate change, as do land-use changes caused
by demand for feedgrains and grazing land.
Livestock shape entire landscapes and their
demands on land for pasture and feedcrop pro-
duction modify and reduce natural habitats.
Using animals for food and other products and
services is only one of many human activities
that depend on natural resources. Humans are
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using the world’s renewable natural resources
at rates that increasingly exceed their natu-
ral abilities to renew themselves (Westing, Fox
and Renner, 2001). Humans introduce growing
amounts of pollutants into the air, water and
soil, at rates ever higher than the capacity of the
environment to dissipate or decompose these
pollutants. Humans are encroaching on what
remains of relatively undisturbed environments,
putting biodiversity at risk of mass extinction.
Anthropogenic land-use changes have acceler-
ated over the last decades, most dramatically in
developing countries. Urbanization and expan-
sion of cropping have led to an unprecedented
loss and fragmentation of habitats, including
valuable ones such as forests and wetlands.

Water availability is becoming a serious con-
straint to the expansion of agriculture and to
meeting other growing human needs. Agricul-
ture is the largest user of water, accounting for
70 percent of total freshwater use.

While there are different views on the extent of
climate change and its effect on the environment,
it is now firmly established that anthropogenic
climate change is indeed occurring. The most
important gas associated with climate change
is carbon dioxide (CO,) while other greenhouse
gases, including methane, nitrous oxide, ozone
and sulphur hexafluoride also contribute. Car-
bon dioxide levels have increased by over 40 per-
cent over the past 200 years, from 270 parts per
million (ppm) to 382 ppm (NOAA, 2006). Today,
CO, concentrations are higher than at any time
during the last 650 000 years (Siegenthaler et al.,
2005). Methane concentrations today are more
than twice the pre-industrial level (Spahni et al.,
2005). Average temperatures have increased by
0.8°C over the past century (NASA, 2005). Com-
bustion of fossil fuels is a major contributor to
these changes.

Climate change means an increase in average
temperature and seems to be associated with an
increased frequency of extreme weather events.
FAO warns that food distribution systems and
their infrastructure will be disrupted, and this

may greatly increase the number of hungry peo-
ple, most severely in sub-Saharan Africa (FAQ,
2005a). According to FAO, developing countries
may lose about 280 million tonnes of potential
cereal production as a result of climate change.

Because of habitat losses, unsustainable forms
of exploitation and climate change, the loss of
biodiversity continues to accelerate. The Mil-
lennium Ecosystem Assessment (MEA, 2005a),
in a comprehensive assessment of the envi-
ronmental health of the planet, estimates that
species are disappearing at 100 to 1000 times
the background levels seen in fossil records. The
MEA gauged that one-third of all amphibians, a
fifth of mammals and an eighth of all birds are
now threatened by extinction. This assessment is
based on known species and it is estimated that
90 percent or more of all existing species have
not been catalogued yet. While some species
provide obvious services such as food, timber or
clothing, most species” services are more diffi-
cult to see and, therefore, less appreciated. They
include recycling of nutrients, pollination and
seed dispersal, climate control and purification
of air and water.

Additional land available for cultivation is lim-
ited. Therefore, most of the increase in agricul-
tural production has come, and will come, from
intensification of land that is already cropped or
grazed. As a large user of crops and other plant
material, the livestock sector must continue to
improve the conversion of these materials into
edible products.

The overall impact of livestock activities on the
environment is enormous. Part of the damage
can be offset by applying scientific knowledge
and technological capability for dealing with
these problems. Meanwhile, the vast legacy of
damage leaves future generations with a debt.
Ultimately, environmental issues are social
issues: environmental costs created by some
groups and nations are carried by others, or by
the planet as a whole. The health of the environ-
ment and the availability of resources affect the
welfare of future generations, and overuse of
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resources and excess environmental pollution by
current generations are to their detriment.

Environmental degradation is often associated
with war and other forms of conflict. Throughout
history, peoples and nations have fought over
natural resources such as land and water. By
increasing the scarcity of these resources, envi-
ronmental degradation increases the likelihood
of violent conflict, particularly when there is a
lack of governing institutions. In recent years,
public attention has been drawn to the prospect
that future wars will be fought over increas-
ingly scarce natural resources (see, for example,
Klare, 2001, or Renner, 2002). A Pentagon report
(Schwartz and Randall, 2003) suggested that
global warming could prove a greater risk to
the world than terrorism and could lead to cata-
strophic droughts, famines and riots.

At the local or regional level, the South-
ern African Millennium Ecosystem Assessment
(SAfMA] (Biggs et al., 2004) reveals a striking
connection between ecological stress and social
conflict. This SAfMA study suggests causal links
in both directions; conflict may cause environ-
mental degradation but the latter may also trig-
ger conflict. The study quotes political violence
in South Africa’s KwaZulu Natal Province as an
example where faction fighting over scarce land
for cattle has led to a series of killings. Water
scarcity, land degradation from overgrazing or
woodfuel shortages can also lead to conflict.
The same study points to Burundi, Rwanda and
eastern Congo as areas where major ecologi-
cal problems have marched hand in hand with
recent histories of violent conflict.

Environmental degradation significantly affects
human health, both directly and indirectly. Direct
effects on human health include contact with
pollutants. Indirect effects include increased
exposure of humans and of animals to infec-
tious diseases because of climate change. The
geographic range and seasonality of a number
of important diseases, including malaria and
dengue fever, are very sensitive to changes in cli-
matic conditions (UNEP 2005a). Schistosomiasis

or bilharzia, carried by water snails, is associated
with changing water flows. The World Resources
Report (1999) underlines how the burden of
these preventable and environment-related dis-
eases is borne disproportionately by the poor,
both in developing and developed countries.
Environmental degradation at its current scale
and pace is clearly a serious threat for the sus-
tainability of natural resources. The functioning
of ecosystems, both at local and global levels,
is already seriously compromised. Ultimately, if
left unchecked, environmental degradation may
threaten not only economic growth and stability
but the very survival of humans on the planet.

1.2 The setting: factors shaping the
livestock sector

The livestock sector, along with food and agri-
culture in general, is undergoing far-reaching
change, much of it driven by factors outside the
sector. Growing populations and other demo-
graphic factors such as age structure and urban-
ization determine food demand and have driven
the intensification of agriculture for centuries.
Growing economies and individual incomes have
also contributed to growing demand and a shift
in diets. These trends have accelerated over the
last two decades in large parts of Asia, Latin
America and the Near East, spurring a rapid
increase in demand for animal products and
other high value foodstuffs such as fish, vegeta-
bles and oils.

The agriculture sector has responded to the
increased and diversified demands for food
items with innovations in biology, chemistry and
machinery. It has done so mainly through inten-
sification rather than expansion. Land use has
changed correspondingly.

These secular changes of population, econ-
omies, diets, technology and land use drive
changes in the global livestock sector while,
to some extent, the sector itself shapes these
forces. Sketching these broad developments
helps to understand the context within which the
livestock sector operates.
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The demographic transition

Growing populations and cities boost and

change food demand

Population and population growth are major
determinants of the demand for food and other
agricultural products. World population is cur-
rently 6.5 billion, growing at the rate of 76 million
annually (UN, 2005). The UN’s medium projec-
tion forecasts that world population will reach
9.1 billion by 2050, peaking at around 9.5 billion
by the year 2070 (UN, 2005).

While populations in the developed countries
as a whole are close to stagnant, 95 percent of
the population increase is occurring in devel-
oping countries. The fastest population growth
rates (averaging 2.4 percent annually) are occur-
ring in the group of 50 least developed countries
(UN, 2005). Population growth rates are slowing
because of decreased fertility rates, and are
below replacement levels in most developed
countries and decreasing rapidly in emerging
countries, although they remain high in least
developed countries.

Fertility decline, in conjunction with increases
in life expectancy, is leading to population ageing
globally. The proportion of older people (aged
60 and over) is projected to double to more than
20 percent from today’s level (UN, 2005). Age
groups differ in their dietary and consumption
patterns, with adults and older people typically
consuming larger amounts of animal protein
than children.

Another important factor determining demand
for food is urbanization. In 2005 (the latest year
for which statistics are available) 49 percent of
the world population were living in cities (FAO,
2006b). This global figure masks important dif-
ferences among the world regions: sub-Saharan
Africa and South Asia are still only moderately
urbanized - with 37 and 29 percent urbanization,
respectively - whereas urbanization rates are
around 70 to 80 percent in developed countries
and in Latin America (FAO, 2006a; 2006b) (see
Table 1.1).

Urbanization continues in all regions of the

Table 1.1

Urbanization rates and urbanization growth rates

Region Urban population Urbanization

as percent of growth rate

total population [Percentage

in 2005 per annum

1991-2005)
South Asia 29 2.8
East Asia and the Pacific 57 2.4
Sub-Saharan Africa 37 b4.b
West Asia and North Africa 59 2.8
Latin America and the Caribbean 78 2.1
Developing countries 57 3.1
Developed countries 73 0.6
World 49 2.2

Source: FAO (2006a) and FAO (2006b).

world, with growth rates highest where current
urbanization is low, particularly in South Asia
and sub-Saharan Africa. Virtually all population
growth between 2000 and 2030 will be urban
(FAO, 2003a) (see Figure 1.1).

Urbanization usually implies higher levels of
participation in the workforce and has an impact
on patterns of food consumption, In cities, peo-
ple typically consume more food away from
home, and consume higher amounts of pre-
cooked, fast and convenience foods, and snacks

Figure 1.1 Past and projected global rural and
urban populations from 1950 to 2030
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(Schmidhuber and Shetty, 2005; Rae, 1998; King,
Tietyen and Vickner, 2000). Therefore, urbaniza-
tion influences the position and the shape of
the consumption functions for animal products
(Rae, 1998) - this function measures the way in
which consumption of a given item responds to
changes in total expenditure.

For China, a given increase in urbanization has
a positive effect on per capita consumption lev-
els of animal products (Rae, 1998]) (Figure 1.2).
Between 1981 and 2001, human consumption
of grains dropped by 7 percent in rural areas of

Figure 1.2 Consumption function of
animal products at different levels
of urbanization in China
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Source: Rae (1998).

China and 45 percent in urban areas. Meanwhile,
meat and egg consumption increased by 85 per-
cent and 278 percent respectively in rural areas
and by 29 percent and 113 percent in urban areas
(Zhou, Wu and Tian, 2003).
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Figure 1.3 Past and projected GDP per capita growth by region
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Economic growth
Growing incomes boost demand for livestock
products
Over recent decades, the global economy has
experienced an unparalleled expansion. Popula-
tion growth, technological and science break-
throughs, political changes, and economic
and trade liberalization have all contributed to
economic growth. In developing countries, this
growth has translated into rising per capita
incomes, and an emerging middle class that has
purchasing power beyond their basic needs.
Over the decade 1991 to 2001, per capita GDP
grew at more than 1.4 percent a year for the
world as a whole. Developing countries grew at
2.3 percent on average compared to 1.8 percent
for developed countries (World Bank, 2006).
Growth has been particularly pronounced in East
Asia with an annual growth rate of close to seven

percent, led by China, followed by South Asia
with 3.6 percent. The World Bank (2006) projects
that GDP growth in developing countries will
accelerate in coming decades (Figure 1.3).

There is a high income elasticity of demand for
meat and other livestock products (Delgado et
al., 1999] - that is, as incomes grow, expenditure
on livestock products grows rapidly. Therefore
growing per capita incomes will translate into
growing demand for these products. This will
close much of the gap in average consumption
figures of meat, milk and eggs that currently
exists between developed and developing coun-
tries. As Figure 1.4 shows, the effect of increased
income on diets is greatest among lower- and
middle-income populations. This observation is
true at individual level as well as at the national
level (Devine, 2003).
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Figure 1.4 The relationship between meat consumption and per capita income in 2002
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The nutrition transition

Worldwide shifts in dietary preferences

The advent of agriculture and the sedentariza-
tion of hunter/gatherers enabled increasing
populations to be fed - but it also led to a nar-
rowing of the human diet. Prior to agriculture,
animal products played a much larger role in
human nutrition, and intake levels were similar
to, if not higher than, current consumption lev-
els in developed countries. Increases in income
and advances in agriculture enabled developed
countries to enrich and diversify their diets over
the last 150 years. Developing countries are cur-
rently engaged in a catching-up process, which
has been termed the “nutrition transition” by
Popkins, Horton and Kim, (2001). The transition
is characterized by an accelerated shift from
widespread undernourishment to richer and
more varied diets and often to overnutrition. In
contrast to the more secular nutrition transition
that occurred in developed countries, this shift
now occurs within a single generation in rapidly
growing developing countries.

With higher disposable incomes and urbaniza-
tion, people move away from relatively monoto-
nous diets of varying nutritional quality (based on
indigenous staple grains or starchy roots, locally
grown vegetables, other vegetables and fruits,
and limited foods of animal origin) towards more
varied diets that include more pre-processed
food, more foods of animal origin, more added
sugar and fat, and often more alcohol (Table
1.2 and Figure 1.5). This shift is accompanied

Table 1.2

Changes in food consumption in developing countries

Figure 1.5 Past and projected food consumption
of livestock products
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Source: FAO (2006a) and FAO (2006b).

1962 1970 1980 1990 2000 2003

Consumption kg/person/year

Cereals 132 145 159 170 161 156
Roots and tubers 18 19 17 14 15 15
Starchy roots 70 73 63 53 61 61
Meat 10 1" 14 19 27 29
Milk 28 29 34 38 45 48

Source: FAO (2006b).
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by reduced physical activity, leading to a rapid
increase in overweight and obesity (Popkin, Hor-
ton and Kim, 2001). Worldwide the number of
overweight people (about 1 billion) has now
surpassed the number of malnourished people
(about 800 million). And a significant part of
the growth in obesity occurs in the developing
world. For example, the World Health Organiza-
tion (WHO]) estimates that there are 300 million
obese adults and 115 million suffering from obe-
sity-related conditions in the developing world.'
Arapid increase in diet-related chronic diseases,
including heart disease, diabetes, hypertension
and certain cancers is associated with the rapid
nutrition transition. In a number of developing
countries, diet-related chronic diseases have
become a priority in national food and agricul-
tural policies, which now promote healthy eating
habits, exercise and school-based nutrition pro-
grammes (Popkin, Horton and Kim, 2001).

The nutrition transition is driven by rising

! Available at: www.fao.org/FOCUS/E/obesity/obes1.htm
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incomes and by the continuing trend to lower
relative prices for food. Prices have been declin-
ing in real terms since the 1950s. Currently they
allow much higher consumption levels of high-
value food items than was the case for developed
countries at comparable levels of income in the
past (Schmidhuber and Shetty, 2005).

While purchasing power and urbanization
explain the greater part of the per capita con-
sumption pattern, other social and cultural fac-
tors can have a large influence locally. For exam-
ple, Brazil and Thailand have similar income
per capita and urbanization rates but animal
product consumption in Brazil is roughly twice
as high as in Thailand. The Russian Federation
and Japan have similar consumption levels for
animal-derived foods, yet income levels in Japan
are about 13 times higher than in Russia (see
figure 1.4).

Natural resource endowment is one of the
additional factors determining consumption, as
it shapes the relative costs of different food com-
modities. Access to marine resources, on the one
hand, and to natural resources for livestock pro-
duction, on the other, have drawn consumption
trends in opposite directions. Lactose intoler-
ance, found particularly in East Asia, has limited
milk consumption. Cultural reasons have further
influenced consumption habits. This, for exam-
ple, is the case in South Asia, where consumption
per capita of meat is lower than income alone
would explain. Other examples are the exclu-
sion of pork from the diet by Muslims. Socio-
cultural patterns have created a rich diversity of
consumer preferences, but have also influenced
consumers’ views about the quality of animal
products (Krystallis and Arvanitoyannis, 2006).

More recently, consumption patterns are
increasingly influenced by growing concerns
about health, the environment, ethical, animal
welfare and development issues. In countries of
the Organisation for Economic Co-operation and
Development (OECD) a class of “concerned con-
sumers” has emerged, who (Harrington, 1994)
tend to reduce their consumption of livestock

food products or opt for certified products, such
as free range or organic foods (Krystallis and
Arvanitoyannis, 2006; King, et al, 2000). The
growing trend towards vegetarianism, albeit still
at a very low level in most societies, is another
manifestation of this trend. Government promo-
tion campaigns are also identified as potential
drivers of consumption trends (Morrison et al.,
2003).

Technological change

Growing productivity

The livestock sector has been affected by pro-

found technological change on three different

fronts:

e In livestock production, the widespread appli-
cation of advanced breeding and feeding tech-
nology has spurred impressive productivity
growth in most parts of the world.

e In crop agriculture, irrigation and fertiliza-
tion techniques, combined with the use of
improved varieties and mechanization, con-
tinue to translate into growing yields and
improved nutrient composition in pasture and
major crops used for feed.

e The application of modern information tech-
nology and other technical changes are
improving post-harvest, distribution and mar-
keting of animal products.

In animal production, technological develop-
ment has been most rapid in those subsectors
that have experienced the fastest growth: broiler
and egg production, pork and dairy. Productivity
growth, and the underlying spread of advanced
technologies, has been less pronounced for beef
and meat from small ruminants. However, cer-
tain key technological changes have occurred in
the production of all livestock commodities - a
growing production intensity, characterized by
increasing use of feed cereals, use of advanced
genetics and feeding systems, animal health
protection and enclosure of animals. Advances
in these areas go hand in hand, and it is difficult
to separate out the effect of individual factors on
overall productivity increases.

"
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Increased grain feeding

Traditionally, livestock production was based
on locally available feed resources such as crop
wastes and browse that had no value as food.
However, as livestock production grows and
intensifies, it depends less and less on locally
available feed resources, and increasingly on
feed concentrates that are traded domestically
and internationally. In 2002, a total of 670 million
tonnes of cereals were fed to livestock, repre-
senting roughly one-third of the global cereal
harvest (see Table 1.3). Another 350 million
tonnes of protein-rich processing by-products
are used as feed (mainly brans, oilcakes and
fishmeal).

Monogastric species that can most efficiently
make use of concentrate feeds, i.e. pigs, poultry
and dairy cattle, have an advantage over beef
cattle, sheep and goats. Among the monogas-
trics, poultry has shown the highest growth rates
and lowest prices, mainly because of favourable
feed conversion rates. The use of feed con-
centrate for ruminants is limited to countries
where meat prices are high relative to grain
prices. Where grain prices are high relative to
meat prices - typically in food-deficit develop-
ing countries - grain feeding to ruminants is not
profitable.

What is driving the increasing use of feed
grains? Most importantly, there is a long-term
decline of grain prices; a trend that has persisted
since the 1950s. Supply has kept up with grow-
ing demand: total supply of grains increased by
43 percent over the last 24 years (1980 to 2004).
In real terms (constant US$), international pric-
es for grains have halved since 1961. Expanding
supply at declining prices has been achieved by
area expansion and by intensification of crop
production.

Intensification accounts for the bulk of supply
expansion over the past 25 years, and is a result
of technological advances and higher input use
in crop production - notably plant breeding,
the application of fertilizers and mechanization.
Area expansion has been an important con-
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Table 1.3

Use of feed concentrate

Feed concentrate use in 2002
(million tonnes)

Commodity group Developing  Developed World
countries countries
Grains 226.4 444.0 670.4
Brans 92.3 37.0 129.3
Oilseeds and pulses 11.6 15.7 27.3
Oilcakes 90.5 96.6 187.3
Roots and tubers 57.8 94.6 152.4
Fish meal 3.8 3.8 7.6
Total of above 482.4 691.71 1174.1

Source: FAO (2005).

tributor to growing supplies in many developing
countries, especially in Latin America (where the
cropped area expanded by 15 percent between
1980 and 2003) and sub-Saharan Africa (22 per-
cent). Land-scarce Asia (developing] has seen
a modest 12 percent expansion of the cropped
area. Some countries have seen a particularly
strong expansion of area cropped, most of it at
the expense of forest (Brazil and other Latin
American countries). Much of this area expan-
sion has been for the production of concentrate
feeds for livestock, notably soybeans and maize.
Feed conversion and growth rates have been
greatly improved by use of linear programming
to develop least-cost feed rations, phased feed-
ing and the use of enzymes and synthetic amino-
acids, together with a much extended use of feed
concentrates (grains and oilcakes).

In future, feed concentrate use is projected
to grow more slowly than livestock produc-
tion, despite the fact that the latter is becom-
ing increasingly cereal-based. This is because
improved technologies in feeding, breeding and
animal health are producing even greater effi-
ciency gains.

More productive breeds
In animal genetics and breeding, the use of
hybridization and artificial insemination has
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sped up the process of genetic improvement.
In poultry, for example, these techniques have
greatly expanded the number of animals that
can be bred from a superior parent stock, creat-
ing animals with uniform characteristics (Fuglie
et al, 2000). Traditionally, the only means of
genetic improvement was selection based on
the phenotype. Starting from the beginning of
the twentieth century, technologies such as
controlled management of reproduction and of
pedigrees were developed. These were initially
limited to purebred stock (Arthur and Albers,
2003). Around mid-century, line specialization
and cross-breeding were initiated, first in North
America, then in Europe and other OECD coun-
tries. Artificial insemination was first introduced
in the 1960s and is now commonplace in all
intensive livestock production systems. Around
the same time, breeding value evaluation tech-
nologies were introduced in developed countries.
More recent innovations include the use of DNA
markers to identify specific traits.

Breeding goals have changed considerably
over time, but the speed and precision with
which these goals can be achieved has increased
considerably over recent decades. Short-cycle
species, such as poultry and pigs, have a distinct
advantage over species having a longer genera-
tion interval. Among all species, feed conversion
and related parameters such as growth rate,
milk yield and reproductive efficiency are para-
mount factors for breeding (Arthur and Albers,
2003). Fat content and other features that corre-
spond best to consumer demands are increasing
in importance.

These changes have brought about impressive
results. For example, Arthur and Albers (2003)
report that in the United States, feed conver-
sion ratios for eggs have been reduced from
2.96 grams of feed per gram of egg in 1960 to
2.01 grams in 2001.

The breeding industry has been less suc-
cessful in developing breeds of dairy cows, pigs
and poultry that perform well in non-modified
tropical low-input environments. Highly inten-

sive livestock enterprises in the tropics usu-
ally control the climatic and health environment
around the animals, so as to utilize the efficien-
cies of modern breeds developed for temperate
regions.

Animal health improvements have further
contributed to raising productivity, including the
use of antibiotics (now banned for use in growth
enhancement in areas such as the European
Union (EU) in special pathogen-free production
environments. In developing countries, these
technologies have spread widely in recent years,
particularly in industrial production systems
close to major consumption centres. The con-
tinuous increase in scales of production has also
led to important productivity gains in developing
countries. These have allowed animal prod-
ucts to be supplied to growing populations at
decreasing real prices (Delgado et al., 2006).

Cheaper feed grains

In crop production, similar improvements have
improved supply and reduced prices of feed
grains, with important productivity increases
occurring earlier (in the 1960s and 1970s] than
for livestock (FAO, 2003a). For developing coun-
tries, about 80 percent of the projected growth in
crop production to 2030 will come from intensifi-
cation, mostly in the form of yield increases, and
also through higher cropping intensities. Irriga-
tion is a major factor in land intensification: the
irrigated area in developing countries doubled
between 1961-63 and 1997-99 and is expected
to increase by another 20 percent by 2030 (FAQ,
2003a). Widespread application of fertilizer and
improved fertilizer composition and forms of
application are other important factors in crop
intensification, along with improvements in plant
protection.

The post-harvest sector, distribution and mar-
keting have seen profound structural changes.
These are associated with the emergence of
large retailers, with a tendency towards vertical
integration and coordination along the food chain.
This trend has been brought about by liberaliza-
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Table 1.4
Key productivity parameters for livestock in different world regions
Region Chicken meat Egg yield Pig meat
(kg output/kg biomass/year)' (kg/layer/year) (kg output/kg biomass/year)’
1980 2005 1980 2005 1980 2005
World 1.83 2.47 8.9 10.3 0.31 0.45
Developing countries 1.29 1.98 5.5 8.8 0.14 0.33
Developed countries 2.26 3.55 12.2 15.0 0.82 1.20
Sub-Saharan Africa 1.46 1.63 3.4 3.6 0.53 0.57
West Asia and North Africa 1.73 2.02 7.0 9.4 1.04 1.03
Latin America and the Caribbean 1.67 3.41 8.6 9.8 0.41 0.79
South Asia 0.61 2.69 5.8 8.1 0.72 0.7
East and Southeast Asia 1.03 1.41 4.7 9.5 0.12 0.31
Industrialized countries 2.45 3.72 14.1 16.0 1.03 1.34
Transition countries 1.81 2.75 9.6 13.0 0.57 0.75
Region Beef Small ruminants Milk yield
(kg output/kg biomass/year)' (kg output/kg biomass/year)’ (kg/cow/year)
1980 2005 1980 2005 1980 2005
World 0.11 0.13 0.16 0.26 1974 2192
Developing countries 0.06 0.09 0.14 0.26 708 1015
Developed countries 0.17 0.21 0.19 0.24 3165 4 657
Sub-Saharan Africa 0.06 0.06 0.15 0.15 411 397
West Asia and North Africa 0.07 0.10 0.21 0.25 998 1735
Latin America and the Caribbean 0.08 0.11 0.11 0.13 1021 1380
South Asia 0.03 0.04 0.16 0.23 517 904
East and Southeast Asia including China 0.06 0.16 0.05 0.20 1193 1966
Industrialized countries 0.17 0.20 0.20 0.25 4226 6350
Transition countries 0.18 0.22 0.17 0.23 2195 2 754

! Biomass is calculated as inventory x average liveweight. Output is given as carcass weight.

Source: FAO (2006b).

tion of markets and widespread application of
new technologies in logistics and organizational
management transport. All of these help to bring
prices down for consumers - but at the same
time they raise entry barriers for small produc-
ers (Costales, Gerber and Steinfeld, 2006).

1.3 Trends within the livestock sector

Until about the early 1980s, diets that included
daily consumption of milk and meat were largely
the privilege of OECD country citizens and a
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small wealthy class elsewhere. At that time,
most developing countries, with the exception of
Latin America and some West Asian countries
had an annual per capita meat consumption of
substantially less than 20 kg. For most people
in Africa and Asia, meat, milk and eggs were
an unaffordable luxury, consumed only on rare
occasions. A high proportion of the larger live-
stock in developing countries was not primarily
kept for food, but for other important functions,
such as providing draught power and manure,
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and serving as an insurance policy and a capital
asset, usually disposed of only in times of com-
munal feasting or emergency.

This is changing rapidly. The livestock sector is
currently growing faster than the rest of agricul-
ture in almost all countries. Typically, its share
in agricultural GDP rises with income and level
of development and is above 50 percent for most
OECD countries. The nature of livestock produc-
tion is also changing rapidly in many emerging
economies, as well as in developed countries.
Most of this change can be summarized under
the term “industrialization”. Through industri-
alization, livestock escape most of the environ-
mental constraints that have shaped livestock
production diversely in the wide range of envi-
ronments in which they occur.

Livestock production and consumption booms in
the south, stagnates in the north

Driven by population growth and rising income
in many developing countries, the global live-
stock sector has seen a dramatic expansion
over the past decades, though with considerable
differences between developing and developed
countries.

In the developing countries, annual per
capita consumption of meat has doubled since
1980, from 14 kg to 28 kg in 2002 (Table 1.5).

Total meat supply tripled from 47 million
tonnes to 137 million tonnes over the same peri-
od. Developments have been most dynamic in

Table 1.5

Figure 1.6 Past and projected meat production
in developed and developing
countries from 1970 to 2050
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Figure 1.7 Past and projected milk production
in developed and developing
countries from 1970 to 2050

—— Developing countries

Developed countries

Source: FAO (2006a) and FAO (2006b).

Past and projected trends in consumption of meat and milk in developing and developed countries

Developing countries

Developed countries

1980 1990 2002 2015 2030 1980 1990 2002 2015 2030
Food demand
Annual per capita meat consumption (kg) 14 18 28 32 37 73 80 78 83 89
Annual per capita milk consumption (kg) 34 38 46 55 66 195 200 202 203 209
Total meat consumption (million tonnes) 47 73 137 184 252 86 100 102 112 121
Total milk consumption (million tonnes) 114 152 222 323 452 228 251 265 273 284

Source: FAO (2006a) and FAO (2006b).
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Table 1.6

Developing country trends in livestock production in 2005

Country Group/Country Meat Milk Percentage of developing country production
(million tonnes) (million tonnes) Meat Milk

Developing countries 155.0 274.1 100.0 100.0

China 75.7 28.3 48.8 10.3

Brazil 19.9 23.5 12.8 8.6

India 6.3 91.9 4.1 335

Source: FAO (2006b).

countries that have seen rapid economic growth,
notably East Asia, led by China. China alone
accounted for 57 percent of the increase in total
meat production in developing countries. For
milk, developments are less spectacular but still
remarkable: total milk production in develop-
ing countries expanded by 118 percent between
1980 and 2002, with 23 percent of that increase
coming from one country, India.

This dramatic increase in demand for live-
stock products (a transition called the “livestock
revolution” by Delgado et al., 1999), is poised to
continue for another 10 to 20 years before slow-
ing down (Delgado et al,, 1999). A few developing
countries, notably Brazil, China and India are
emerging as world players as their strength as
trading partners is growing rapidly (Steinfeld and
Chilonda, 2005). These three countries account
for almost two-thirds of total meat production in
developing countries and for more than half of
the milk (Table 1.6). They also account for close
to three-quarters of the growth in milk and meat
production in all developing countries.

There is a great deal of variation in the extent
and character of livestock sector growth. China
and East Asia have experienced the most impres-
sive growth in consumption and production, first
in meat and more recently also in dairy. The
region will need to import increasing amounts
of feed, and perhaps also livestock products, to
meet future consumption growth. In contrast,
India’s livestock sector continues to be dairy-
oriented, using traditional feed resources and
crop residues. This picture is likely to change,
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as the booming poultry industry will pose feed
demands that will far exceed current supplies.
In contrast, Argentina, Brazil and other Latin
American countries have successfully expanded
their domestic feed base, taking advantage of
low production costs and abundance of land
(Steinfeld and Chilonda, 2006). They have moved
to adding value to feed, rather than exporting
it. They are poised to become the major meat-
exporting region supplying developed and East
Asian countries.

In the developing countries, livestock produc-
tion is rapidly shifting towards monogastrics In
fact, poultry and pigs account for 77 percent of
the expansion in production. While total meat
production in developing countries more than tri-
pled between 1980 and 2004, the growth in rumi-
nant production (cattle, sheep and goats) was
only 111 percent, that of monogastrics expanded
more than fourfold over the same period.

These dramatic developments in rapidly grow-
ing developing countries are in stark contrast
with trends in developed countries, where con-
sumption of livestock products is growing only
slowly or stagnating. With low or no popula-
tion growth, markets are saturated in most
developed countries. Consumers are concerned
about the health effects of high intake levels of
livestock products, in particular red meat and
animal fats. Continuous high-level consumption
of these products is associated with a series of
cardio-vascular diseases and certain types of
cancer. Other perceived health problems asso-
ciated with animal products sporadically and
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sometimes permanently suppress demand for
animal products. These include the presence of
residues (of antibiotics, pesticides, dioxins) and
of pathogens (Escherichia coli, salmonella, mad
cow disease).

In developed countries, total livestock produc-
tion increased by only 22 percent between 1980
and 2004. Ruminant meat production actually
declined by 7 percent while that of poultry and
pigs increased by 42 percent. As a result, the
share of production of poultry and pigs has gone
up from 59 to 69 percent of total meat produc-
tion. Among the monogastrics, poultry is the
commodity with the highest growth rates across
all regions. A main reason for this, apart from
very favourable feed conversion, is the fact that
poultry is a meat type acceptable to all major
religious and cultural groups.

A few general observations can be made. The
trend towards rapidly increasing livestock pro-
duction in the tropics poses a series of technical
problems, such as those related to climate and
disease. Countries do not appear to be readily
prepared for some of these, as has been dem-
onstrated by the outbreaks of avian influenza in
the last two years. The surge in production also
entails an expansion of feed supplies and, partic-
ularly in Asia, an increasing amount will need to
come from imports. Some countries will be faced
with the question whether to meet this demand
by importing feed for domestic livestock produc-
tion or to opt for imports of livestock products.
Production is also moving away from established
production areas that have high environmental
standards. This potentially creates opportunities
for evading environmental controls.

On the consumption side, there is a trend
towards global convergence of diets. Cultural
peculiarities, though still strong in some areas,
become increasingly blurred as demonstrated by
the surge of poultry consumption in South and
East Asia. This convergence is further driven by
the fact that similar eating habits, such as fast
and convenience food, are catching hold almost
everywhere.

Most of the expansion in the supply of livestock
products in developing countries comes from
increased production, and only a relatively small
part from imports. For developing countries as
a whole, net imports account for only about 0.5
percent of total supply for meat, and 14.5 percent
for milk (FAO, 2006b). However, trade in livestock
products has increased much faster than trade
in feed. For feedgrains, the traded share of total
production has remained fairly stable in the
range of 20 to 25 percent over the last decade.
The share for meat increased from 6 percent in
1980 to 10 percent in 2002, and for milk from 9 to
12 percent over the same period.

Growth in trade in livestock products is also
outpacing that of growth in production, facilitat-
ed by declining tariff barriers within the context
of the General Agreement on Tariffs and Trade
(GATT). This indicates a gradual trend towards
producing livestock in locations where feed is
available, rather than close to consumption cen-
tres - a trend made possible by infrastructure
development and the establishment of refriger-
ated supply chains (“cold chains”) in major pro-
ducing countries.

Structural change

The large increases in supply of livestock prod-
ucts have been facilitated by structural adjust-
ments in the sector, including growing inten-
sities (discussed above), increasing scales of
production, vertical integration and geographical
shifts.

Units scale up in size, while smallholders

are marginalized

There has been a rapid growth in the average
size of primary production units, accompanied by
a substantial decline in the numbers of livestock
producers in many parts of the world. The major
driver of this process is the cost reduction that
can be realized through the expansion of scale
of operations at various stages of the production
process. Smallholders may stay in the livestock
business by selling their products at prices that
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Livestock's long shadow

A Maasai woman carrying a baby on her back milks

a cow as its calf attempts to nurse. A gourd is used

to collect the milk. The cattle are kept over night
inside the perimeter of the boma to protect them from
wildlife - Kenya 2003

value their own labour input below the market
rate. However, this occurs mostly in countries
with limited employment opportunities in other
sectors. As soon as employment opportunities in
other sectors arise, many smallholder produc-
ers opt out of livestock production.

Different commodities and different steps of
the production process offer different potential
for economies of scale. The potential tends to
be high in post-harvest sectors (slaughterhouse,
dairy plants). Poultry production is most easily
mechanized, and industrial forms of production
emerge even in least developed countries. In
contrast, dairy production shows fewer econo-
mies of scale because of the typically high labour
input. As a result, dairy production continues to
be dominated by family-based production.

For dairy and small ruminant production,
farm-level production costs at the smallholder
level are often comparable with those of large-
scale enterprises, usually because of the cost
advantages of providing family labour below the
level of the minimum wage. However, the expan-
sion of smallholder production beyond a semi-
subsistence level is constrained by a number of
barriers, lack of competitiveness and risk factors
(see below).

Access to land and credit is an increasing
problem. Recent LEAD studies (Delgado and
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Narrod, 2006) show the substantial impact of
hidden and overt subsidies that facilitate the
supply of cheap animal products to the cities, to
the disadvantage of small-scale rural producers.
There is often no public support to adapt or dis-
seminate new technologies for small-scale use.
Production costs are higher at the smallholder
level because of both market and production
risks. Market risks include price fluctuations for
both inputs and products. These are often ampli-
fied for smallholders because of their weak
negotiating position. Some small-scale produc-
ers evolved from subsistence farming with sound
risk coping mechanisms, but lack the assets or
strategies to sustain full exposure to market
risks. The absence of safety nets in the face of
economic shocks, invariably present in such
markets, restricts the participation of small-
holders. Production risks relate to resource
degradation, control of assets such as land and
water, climatic variations such as droughts and
floods, and infectious diseases.

Smallholders face additional problems
because of the transaction costs involved in
product marketing. These are often prohibi-
tively high because of the small quantities of
marketable product produced and the absence
of adequate physical and market infrastruc-
tures in remote areas. Transaction costs are
also increased where producers lack negotiat-
ing power or access to market information, and
remain dependent on intermediaries. Moreover,
the frequent absence of producers’ associa-
tions or other partnership arrangements makes
it more difficult for smallholder producers to
reduce transaction costs through economies of
scale.

The desire to reduce transaction costs is a
main force promoting vertical integration in
developed and developing countries alike. In
developing countries, it is found particularly in
poultry and pork, but also in dairy production.
These economic forces are sometimes further
strengthened if governments tax market trans-
actions, for example for feed, as described by
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Delgado and Narrod (2002] in the case of poultry
producers in Andhra Pradesh (India). The com-
bined effect of economic gains from lowering
transaction costs by vertical integration, and
more favourable tax regimes for larger enter-
prises, tends to disadvantage independent and
small-scale producers severely.

Geographic shifts

Production grows more concentrated
Traditionally, livestock production was based
on locally available feed resources, particularly
those having limited or no alternative use value,
such as natural pasture and crop residues. The
distribution of ruminants was almost completely
determined by the availability of such resources.
The distribution of pigs and poultry followed
closely that of humans, because of their role as
waste converters. For example, a LEAD study in
Viet Nam (a country in its early stages of indus-
trialization) found that 90 percent of the poultry
distribution pattern could be explained by the
distribution of the human population (Tran Thi
Dan et al., 2003).

In the course of development, the livestock
sector strives to free itself from local natural
resource constraints - but becomes subject
to a different set of factors that shape its geo-
graphical distribution and concentration. The
importance of agro-ecological conditions as a
determinant of location is replaced by factors
such as opportunity cost of land and access to
output and input markets.

As soon as urbanization and economic growth
translate rising incomes into “bulk” demand
for animal source food products, large-scale
operators emerge. At the initial stage, these
are located close to towns and cities. Livestock
products are among the most perishable food
products, and their conservation without chilling
and processing poses serious quality and human
health problems. Therefore, livestock have to be
produced close to the location of demand, unless
there is adequate infrastructure and technology
to permit livestock to be kept farther away.

At a later stage, livestock production shifts
even further from demand centres, driven by
factors such as lower land and labour prices,
access to feed, lower environmental standards,
tax incentives or locations with fewer disease
problems. The LEAD study found that the poultry
density in areas closer than 100 km to Bangkok
decreased between 1992 and 2000, with the larg-
est decrease (40 percent] in the areas close to
the city (less than 50 km). Density increased in
all areas further away than 100 km (Gerber et
al., 2005).

The LEAD study found that for all countries
analysed (Brazil, France, Mexico, Thailand, Viet
Nam), despite the variety of factors that deter-
mine optimal location, there is a continuing
process of concentration for all species covered
by the analysis (cattle, chicken and pigs). Even in
developed economies, the trend of concentration
and increasing scale is continuing.

Vertical integration and the rise of
supermarkets

Large multinational firms are becoming domi-
nant in the meat and dairy trade, both in the
developed world and in many developing coun-
tries experiencing fast livestock sector growth.
Their strength is linked to achieving economies
of size and scope, and to sourcing supplies at
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different levels and across national boundaries.
Vertical integration allows not only for gains from
economies of scale. It also secures benefits from
market ownership and from control over product
quality and safety, by controlling the technical
inputs and processes at all levels.

The rapid expansion of supermarkets and
fast food outlets in developing countries started
in the 1990s and has already large segments
of the market in Latin America, East Asia and
West Asia; this process has now also started
in South Asia and sub-Saharan Africa. This
expansion has been accompanied by a relative
decline of traditional “wet” and local markets.
For example, in China the number of supermar-
ket outlets rose from 2 500 in 1994 to 32 000 in
2000 (Hu and Reardon, 2003). The supermarket
share of total retail turnover is estimated to have
reached about 20 percent of the total packaged
and processed food retailing (Reardon et al.,
2003). According to the same authors, the share
of supermarkets in the retailing of fresh foods is
about 15 to 20 percent in Southeast Asia. India
still has a comparatively low supermarket share
of only 5 percent. As is already the case in devel-
oped countries, the large-scale retail sector is
becoming the dominant actor in the agrifood
system.

The rise of supermarkets has been facilitated
by innovations in retail procurement logistics,
technology and inventory management in the
1990s, with the use of the Internet and informa-
tion management technology. This has enabled
centralized procurement and consolidated dis-
tribution. The technological change, led by global
chains, is now diffusing around the world through
knowledge transfer, and imitation by domestic
supermarket chains. The substantial savings
from efficiency gains, economies of scale and
coordination cost reduction provide profits for
investment in new stores, and, through intense
competition, reduce prices to consumers. The
requirements of these integrated food chains, in
terms of volume, quality, safety, etc. are becom-
ing pervasive throughout the livestock sector.

20

In summary, the trends in the global livestock
sector can be described as follows:

e Demand and production of livestock products
are increasing rapidly in developing countries
that have outpaced developed countries. A
few large countries are taking centre stage.
Poultry has the highest growth rate.

e This increasing demand is associated with
important structural changes in countries’
livestock sectors, such as intensification of
production, vertical integration, geographic
concentration and up-scaling of production
units.

e There are concomitant shifts towards poultry
and pig meat relative to ruminant meat, and
towards grain- or concentrate-based diets
relative to low-value feed.

These trends indicate a growing impact on the
environment, as will be shown in more detail
in the following chapters. Growth in itself may
be regarded as a problem as it is not offset by
concomitant productivity gains. Although these
are important, the expanding livestock sector
lays hands on additional feed and land resources
that come at significant environmental costs.
Structural change also modifies the nature of
damage. In addition to issues associated with
extensive production, such as overgrazing, there
is a steep increase in those connected to inten-
sive and industrial forms, such as concentration
of pollutants, expansion of arable land for feed
and environmental health problems. Further,
the shift to traded and processed feeds spreads
the environmental problems to other sectors,
e.g. feedcrop production, fisheries, and to other
parts of the world, which often obscures the real
nature and extent of environmental impact.
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Livestock in geographic transition

his chapter deals with the changing use of
land’ by livestock and some of the environ-
mental impacts of that use?. Land management
has a direct impact on the biophysical conditions
of the land including soil, water, fauna and flora.

T With UNEP (2002), we define land as the terrestrial biopro-

ductive system that comprises soil, vegetation - including
crops, other biota, and the ecological and hydrological pro-
cesses that operate within the system”.

2 Land-use changes include land cover-changes as well as
the changing ways in which the land is managed. Agricul-
tural land management refers to the practices by which
humans use vegetation, water and soil to achieve a given
objective. e.g. use of pesticides, mineral fertilizers, irrigation
and machinery for crop production (Verburg, Chen and Veld
Kamp, 2000).

Land use has both spatial and temporal dimen-
sions. Types of land use can spread or shrink,
scatter or concentrate, while land use at a single
location can be stable, seasonal, multiple and/or
transitory. Land use is driven by a wide range of
factors: some are endogenous to the land (e.g.
bio-physical characteristics), some relate to the
individual or the society using the land (e.g.
capital availability, technical knowledge), some,
finally, depend on the institutional and economic
framework in which the land-user operates (e.g.
national policies, markets, services).

Access to land and its resources is becom-
ing an increasingly acute issue and source of
competition among individuals, social groups
and nations. Access to land has driven disputes
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and wars throughout history and, in some areas,
resource-related conflicts are on the increase.
For example, disputes over access to renewable
resources, including land, are one of the principal
pathways in which environmental issues lead to
armed conflicts (Westing, Fox and Renner, 2001).
This may be the result of a reduced supply of land
(because of depletion or degradation), distribu-
tion inequities or a combination of these factors.
Increasing land prices also reflect the increasing
competition for land. (MAFF- UK, 1999).

In this chapter, we will first look at the broad
trends in land use and the forces that drive
them, and introduce the “livestock transition” as
a basic concept central to the understanding of
livestock-environment interactions. We will then
take a closer look at how the demand for live-
stock food products is distributed in relation to
population and income. We will then turn to the
geographic distribution of the natural resource
base for livestock production, especially feed
resources. This includes grazing land and arable
land, particularly where surplus crop production
is being used as feed for livestock production.
Resources for livestock production and demand
for animal products are balanced through live-
stock production systems that interact with both
the resources and demand side. We will look at
the changing geography of production systems
and the way transport of feed and animal prod-
ucts resolve geographical mismatches and bring
about different competitive advantages. Finally,
we will review the main land degradation issues
related to the livestock sector.

2.1 Trends in livestock-related

land use

2.1.1 Overview: a regionally diverse
pattern of change

The conversion of natural habitats to pastures
and cropland has been rapid. Conversion accel-
erated after the 1850s (Goldewijk and Battjes,
1997) (Figure 2.1). More land was converted to
crops between 1950 and 1980 than in the preced-
ing 150 years (MEA, 2005a).
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Figure 2.1 Estimated changes in land use
from 1700 to 1995

Percentage of total land area

T T T
1800 1900 1980
Year

W Pasture

Other B Forest Cropland

Source: Goldewijk and Battjes (1997).

Table 2.1 presents regional trends over the
past four decades for three classes of land use:
arable land, pasture and forest. In North Africa,
Asia, Latin America and the Caribbean land use
for agriculture, both for arable and pasture, is
expanding. The expansion of agriculture is fast-
est in Latin America and sub-Saharan Africa,
mostly at the expense of forest cover (Wassenaar
et al., 2006). In Asia (mostly Southeast Asia)
agriculture is expanding, and showing even a
slight acceleration. In contrast, North Africa has
seen crop, 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 percent of total land) and vast pasture
land (35 to 50 percent of total land). Expansion of
arable land has been substantial in Oceania and
is accelerating in sub-Saharan Africa. There is a
net reduction of forest land in both regions. Local
studies have also found replacement of pasture
by cropland. In sub-Saharan Africa, where crop-
ping and grazing are often practised by different
ethnic groups, the advance of crops into pasture
land often results in conflict, as shown by major
disturbances in the Senegal river basin between
Mauritania and Senegal, and in North Eastern
Kenya, between the Boran and the Somalis
(Nori, Switzer and Crawford, 2005).
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Box 2.1 Recent trends in forestry expansion

The Global Forest Resources Assessment 2005
suggests that forest still covers less than 4 billion
hectares, or 30 percent of the total land surface
area. This area has been in continuous decrease,
although at a slowing pace. The net loss in forest
area is estimated at 7.3 million hectares per year
over the period 2000 to 2005, compared to 8.9 mil-
lion hectares per year over the period 1990 to 2000.
Plantation forests are generally increasing but still
account for less than 4 percent of total forest area
(FAQ, 2005e). On average, 2.8 million hectares of
forest were planted each year over the period 2000
to 2005.

These global figures mask differences among
regions and forest types. Africa, North, Central
and South America and Oceania showed net forest
cover losses over the period 2000 to 2005 (FAO,
2005e), with the two latter bearing the largest
losses. In contrast, forest cover increased in Asia

over the same period, owing to large-scale refor-

estation in China, and continued to increase in
Europe, although at a slowing pace. Primary forest
area in Europe and Japan is expanding, thanks to
strong protection measures.

Forest cover embraces a range of land usages.
Wood production continues to be a major func-
tion in many forests. Trends are diverging though:
Africa showed a steady increase in wood removal
over the period 1990 to 2005, while production is
decreasing in Asia. Forests are increasingly desig-
nated for the conservation of biodiversity. This kind
of forest (mainly in protected areas) increased by
an estimated 96 million hectares over the 1990 to
2005 period, and by 2005 accounted for 11 percent
of all forests. Soil and water conservation is seen
as a dominant function for 9 percent of the world’s

forests.

Source: FAO (2005e).

Western Europe, Eastern Europe and North
America show a net decrease in agricultural
land use over the last four decades, coupled with
stabilization or increase in forest land. These
trends occur in the context of a high share of
land dedicated to crops: 37.7 percent, 21 percent
and 11.8 percent in Eastern Europe, Western
Europe and North America, respectively. The
Baltic States and Commonwealth of Indepen-
dent States (CIS] states show an entirely differ-
ent pattern, with decreasing land dedicated to
crops and increasing land dedicated to pasture.
This trend is explained by economic regression
causing the abandonment of cropland, and by
structural and ownership changes that occurred
during transition in the 1990s. Map 1 (Annex 1)
further shows the uneven geographical distri-
bution of cropland, with vast areas remaining
mostly uncropped on all continents. The main
patches of highly intensive cropping are found in
North America, Europe, India and East Asia.

The massive expansion of arable and pasture
land over the last four decades has started to
slow (Table 2.1). At the same time, human popu-
lations grew more than six times faster, with
annual growth rate estimated at 1.9 percent and
1.4 percent over the 1961-1991 and 1991-2001
periods respectively.

Extensification gives way to intensification

Most of the increase in food demand has been
met by intensification of agricultural land use
rather than by an expansion of the production
area. The total supply of cereals increased by
46 percent over the last 24 years (1980 to 2004),
while the area dedicated to cereal production
shrank by 5.2 percent (see Figure 2.2). In devel-
oping countries as a whole, the expansion of har-
vested land accounted for only 29 percent of the
growth in crop production over the period 1961-
99, with the rest stemming from higher yields
and cropping intensities. Sub-Saharan Africa,
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Table 2.1
Regional trends in land use for arable land, pasture and forest from 1961 to 2001
Arable land Pasture Forest
Annual Annual Annual
growth rate Share growth rate Share growth rate Share
o of total o of total o of total
(%) . (%) N (%) .
— landin land in —  landin
1961-  1991- 2001 1961-  1991- 2001 1961-  1990- 20022
1991 2001 (%) 1991 2001 (%) 1991 20002 (%)
Developing Asia' 0.4 0.5 17.8 0.8 0.1 25.4 -0.3 -0.1 20.5
Oceania 1.3 0.8 6.2 -0.1 -0.3 49 .4 0.0 -0.1 24.5
Baltic states and CIS -0.2 -0.8 9.4 0.3 0.1 15.0 n.d. 0.0 383
Eastern Europe -0.3 -0.4 37.7 0.1 -0.5 171 0.2 0.1 30.7
Western Europe -0.4 -0.4 21.0 -0.5 -0.2 16.6 0.4 0.4 36.0
North Africa 0.4 0.3 4.1 0.0 0.2 12.3 0.6 1.7 1.8
Sub-Saharan Africa 0.6 0.9 6.7 0.0 -0.1 34.7 -0.1 -0.5 27.0
North America 0.1 -0.5 11.8 -0.3 -0.2 13.3 0.0 0.0 32.6
Latin America and the Caribbean 1.1 0.9 7.4 0.6 0.3 30.5 -0.1 -0.3 47.0
Developed countries 0.0 -0.5 11.2 -0.1 0.1 21.8 0.1 n.d. n.d.
Developing countries 0.5 0.6 10.4 0.5 0.3 30.1 -0.1 n.d. n.d.
World 0.3 0.1 10.8 0.3 0.2 26.6 0.0 -0.1 30.5

' Data on pasture excludes Saudi Arabia.
2 Data for 2000 obtained from FAO, 2005e.
Note: n.d. - no data.

Source: FAO (2005e; 2006b).

where area expansion accounted for two-thirds
of growth in production, was an exception.

The intensification process has been driven by
a range of factors (Pingali and Heisey, 1999). In
Asia, where extraordinary growth in cereal pro-
ductivity has been achieved, rising land values
owing to increasing land scarcity have been the
dominant factor. Cereal yields have also sub-
stantially increased in some Latin American and
African countries. With lower population densi-
ties than in Asia, the forces influencing intensifi-
cation have been the level of investments in mar-
ket and transport infrastructure and the extent
to which countries engaged in export-oriented
trade. In contrast, productivity gains were low in
sub-Saharan Africa, despite population growth.
Relative land abundance (in comparison to Asia),
poor market infrastructure and lack of capital
contributed to the modest performance.

Technically, increased productivity can be
achieved by increased cropping intensity [i.e.
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multiple cropping and shorter fallow periods)
by higher yields, or by a combination of the two.
Higher yields are the result of technological
advances and higher input use in crop produc-
tion - notably irrigation, modern high-yielding
plant varieties, fertilizers and mechanization.
Use of tractors, mineral fertilizers and irriga-
tion increased strongly between 1961 and 1991,
and much more slowly afterwards (see Table 1,
Annex 2). In comparison, use of mineral fertil-
izers has substantially decreased since 1991 in
developed countries, as a result of more efficient
resource use and environmental regulations
aimed at reducing nutrient loading.

While scope for productivity increases still
exists, Pingali and Heisey (1999) show that the
productivity of wheat and rice in lowland Asia
has lately been growing at a dwindling pace. Key
factors explaining this slowing trend are land
degradation, declining research and infrastruc-
ture investment, and increasing opportunity cost
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Figure 2.2 Total harvested area and total production for cereals and soybeans
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Source: FAO (2006b).
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of labour, although new technological develop-
ments (i.e. hybrid rice) might enable new growth.
Arable land expansion will likely continue to be
a contributing factor in increasing agricultural
production. In particular, this will be the case for
developing countries, where arable land expan-
sion, increases in cropping intensity and yield
increases accounted for 23, 6 and 71 percent,
respectively, of crop production growth over the
1961 to 1999 period, and they are expected to
account for 21, 12, and 67 percent, respectively
over the 1997/99 to 2030 period (FAQ, 2003a). In
developed countries, in contrast, the increase in
production is expected to be reached with a con-
stant or locally declining arable area. The fore-
seen shift to biofuels, and the increased demand
for biomass that will result may, however, lead
to a new area of crop expansion, especially in
Western Europe and North America.

2.1.2 Globalization drives national
land-use changes

Changes in agricultural land use are driven by
a wide range of factors. Ecological conditions,
human population density and level of economic

development provide the broad context of land
use, along with more localized factors spe-
cific to each area. Individual and social decisions
leading to land changes are also increasingly
influenced by changing economic conditions and
institutional frameworks (Lambin et al., 2001).
Two concepts are central in explaining agri-
cultural land-use changes: profit per unit of
land and opportunity cost. Profit per unit of land?
describes the potential interest for an operator
to engage in a particular use of the land. Profit
generally depends on the biophysical charac-
teristics of the land, on its price, and factors
including accessibility to markets, inputs and
services. On the other hand, the opportunity
cost* compares the economic and social costs
of two or more ways of using the same piece
of land. Opportunity cost includes not only the
private costs of production, but also direct and
indirect costs borne by society, such as losses

% The surplus of revenue generated over expenses incurred for
a particular period of time.

“ Opportunity cost can be defined as the cost of doing an activ-
ity instead of doing something else.
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of ecosystem services. For example, part of the
opportunity cost of cropping an area would be
loss of the possibility of using it for recreational
purposes.

In a context where non-marketable ecosystem
services are not priced, decisions on land use are
predominantly driven by calculation of private
profit per unit of land, usually based on tradable
goods and services. As a result, the non-market-
ed benefits are often lost, or external costs are
imposed on society. However, the environmental
and social services provided by ecosystems are
receiving increasing recognition.

A case in pointis the growing recognition of the
wide range of services provided by forest, a type
of land use generally antagonistic to agricultural
use, although modern agroforestry technologies
do produce some synergies. Forests are increas-
ingly used for conservation of biodiversity (see
Box 2.1). This is a global trend, although the pace
is significantly slower in Oceania and Africa.

Soil and water conservation is also seen as a
dominant function for 9 percent of the world’s
forests. Recreation and education activities are
another use of forest that is on the increase and
represent the primary management objective for
2.4 percent of the forest in Europe, while 72 per-
cent of the total forest area was acknowledged to
provide social services (MEA, 2005a).

Roundwood removal, on which the calculation
of profit per unit of forest land is usually based,
was estimated at US$64 billion worldwide in
2005. This has been decreasing in real terms
over the last 15 years (FAO, 2005e). In a case
study of the economic value of forest in eight
Mediterranean countries, non-wood forest prod-
ucts, recreation, hunting, watershed protection,
carbon sequestration and passive use accounted
for 25 to 96 percent of the total economic value
of the forests. Non-marketed economic values
(e.g. watershed protection, carbon sequestra-
tion, recreation, non-timber forest products)
were estimated higher than commonly meas-
ured economic values (e.g. grazing, timber and
fuelwood] in three countries (ltaly, Portugal and
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the Syria Arab Republic), though they were lower
in five (Algeria, Croatia, Morocco, Tunisia and
Turkey) (MEA, 2005a).

As economies continue to liberalize, local agri-
cultural goods compete with equivalent goods
produced farther away. Increasingly, therefore,
agricultural land-use opportunities are compet-
ing across continents. Both profit per unit of land
and opportunity costs of agricultural land use
vary immensely around the globe, depending on
agro-ecological conditions, access to markets,
availability of production inputs (including serv-
ices), existence of competitive land usage and
valuation of ecosystem services. Agricultural
production relocates accordingly, resulting in
changes in use of agricultural land and also of
forests and other natural areas. For example,
New Zealand lamb competes with local produce
in Mediterranean markets. New Zealand lamb is
produced at a relatively low cost because of much
lower opportunity cost of land (mainly owing to a
much lower recreational demand] and higher
productivity of pasture. As a result, the marginal
pastures traditionally used for sheep production
in the EU Mediterranean basin are progressively
being abandoned to natural vegetation and other
recreational usages.

The process through which former agricul-
tural land reverts to forest has been called the
“forest transition”. Mainly, the term has been
applied to developed countries in Europe and
North America (Mather, 1990; Walker, 1993;
Rudel, 1998).

During the early period of colonization and eco-
nomic growth, settlers and farmers cleared land
rapidly to provide agricultural goods required by
local populations. Later, as urban development
came to dominate and trade expanded, rural
populations moved to cities, and agricultural
markets traded with increasingly distant loca-
tions of demand and supply. There were huge
gains in agricultural productivity in areas with
high agricultural potential.

This resulted in substantial land-use shifts:
farming moved into the remaining unused fertile
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lands, and marginal locations were abandoned,
especially in remote areas with poor soil charac-
teristics. More productive land with good acces-
sibility remained in production. As abandoned
land reverted to natural vegetation cover, this led
to net reforestation in parts of Europe and North
America, from the end of the nineteenth century
on (Rudel, 1998). Forest transition is an ongoing
trend in Europe and North Africa and has shown
similar patterns in Asia, although national poli-
cies may have fostered the process in the latter
(Rudel, Bakes and Machinguiashi, 2002). Map 2
(Annex 1) shows areas of net forest area gain in
the USA, Southern Brazil, Europe and Japan.

2.1.3 Land degradation: a vast and
costly loss
Land degradation is widely recognized as a global
problem having implications for agronomic pro-
ductivity and the environment as well as effects
on food security and quality of life (Eswaran, Lal
and Reich, 2001). Although the magnitude of the
problem is broadly shared, there are a number
of definitions for land degradation, interpreted
in different ways among various disciplinary
groups. We here refer to the definition of the
United Nations Environment Programme (UNEP)
where “Land degradation implies a reduction of
resources potential by one or a combination of
processes acting on the land, such as: (i) soil
erosion by wind and/or water, [ii] deterioration
of the physical, chemical and biological or eco-
nomic properties of soil; and (iii) long-term loss
of natural vegetation” (UNEP, 2002).
Agricultural land degradation is of particular
concern on several grounds, as it reduces pro-
ductivity, which in turn leads to further expan-
sion of agricultural land into natural habitats.
It also requires additional natural resources to
restore the land (e.g. lime to neutralize acidity,
water to flush out salinity), and can generate pol-
lution with off-site impacts (Gretton and Salma,
1996). Intensification and extensive land use can
both result in environmental impacts, though in
different ways. Intensification has both positive

and negative effects. Increased yields in agri-
cultural systems help to reduce the pressure to
convert natural ecosystems into cropland, and
can even allow for re-conversion of agricultural
land back to natural areas, as observed in OECD
countries.

However, the increased inputs of fertilizers,
biocides and energy that intensification involves
have also increased pressure on inland-water
ecosystems, generally reduced biodiversity with-
in agricultural landscapes and generated more
gaseous emissions from higher energy and min-
eral fertilizers inputs (MEA, 2005a). On the other
hand, extensive use of land for pasture or crop-
ping has also often led to the deterioration of
vegetative cover and soil characteristics.

Environmental implications of land degrada-
tion are multiple. Among the most critical issues
are the erosion of biodiversity (through habitat
destruction or pollution of aquifers), climate
change (through deforestation and the loss of
soil organic matter releasing carbon to the
atmosphere) and depletion of water resources
(through alteration of the soil texture or remov-
al of vegetation cover affecting water cycles).
These mechanisms and their significance will be
described in detail in the following chapters.

The differences in definitions and terminol-
ogy for land degradation are responsible for the
variations between results from studies that
have attempted to evaluate the extent and rate
of this process. Oldeman (1994) produced one of
the generally accepted estimates of the extent of
global land degradation. It estimates that about
19.6 million km? are degraded, mostly because
of water erosion (Table 2.2). This figure does not,
however, include loss of natural vegetation and,
based on the above UNEP definition, is therefore
more an estimate of soil degradation rather than
of land degradation. Still, according to Olde-
man (1994), about one-third of the land used as
forests and woodlands appears to be degraded
in Asia (ca 3.5 million km?), against 15 to 20 per-
cent in Latin America and Africa. Land degra-
dation of pasture is mainly an issue in Africa
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(2.4 million km?), although Asia, and to a lesser
extent Latin America are also affected (2.0 and
1.1 million km? respectively). Finally, about one-
third of the agricultural land is degraded in Asia
(2.0 million km?], against half in Latin America,
and two-thirds in Africa.

Desertification is a form of land degrada-
tion, taking place in arid, semi-arid and dry
subhumid areas and resulting from various fac-
tors, including climatic variations and human
activities (UNEP, 2002). Dregne and Chou (1994)
estimated that degraded lands in dry areas
of the world amount to 3.6 billion hectares or
70 percent of the 5.2 billion hectares of the total
land areas considered in these regions (Table
2.3). These figures include loss of vegetal cover
and are not directly comparable with the previ-
ous ones. Reich et al (1999) further estimate
that in Africa, about 6.1 million km? of land are
under low to moderate degradation risk and
7.5 million km? are under high and very high
risk. Cumulatively, desertification is estimated
to affect about 500 million Africans, seriously
undermining agricultural productivity despite
good soil resources.

Yield reduction is one of the most evident
economic impacts related to land degradation.
In Africa, it is estimated that past soil erosion
may have depressed yields by 2 to 40 percent,
with a mean loss of 8.2 percent for the conti-
nent (Lal, 1995). In South Asia, water erosion

Table 2.2

Estimates of the global extent of land degradation
Type Light Moderate Strong  Total

Extr+eme
[ million Km? ... )

Water erosion 3.43 5.27 2.24 10.94
Wind erosion 2.69 2.54 0.26 5.49
Chemical degradation 0.93 1.03 0.43 2.39
Physical degradation  0.44 0.27 0.12 0.83
Total 7.49 9.11 3.05 19.65

Source: Oldeman (1994).
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Table 2.3

Estimates of all degraded lands in dry areas

Continent Total Degraded Percentage
area area’ degraded

[miltion km?)  [million km?]

Africa 14.326 10.458 73
Asia 18.814 13.417 71
Australia and the Pacific 7.012 3.759 54
Europe 1.456 0.943 65
North America 5.782 4.286 T4
South America 4.207 3.058 73
Total 51.597 35.922 70

T Comprises land and vegetation.
Source: Dregne and Chou (1994).

is estimated to reduce harvests by 36 million
tonnes of cereal equivalent every year, valued
at US$5 400 million, while water erosion would
cause losses estimated at US$1800 million
(FAO/UNDP/UNEP, 1994). Worldwide, it is esti-
mated that 75 billion tonnes of soil are lost every
year, costing approximately US$400 billion per
year, or about US$70 per person per year (Lal,
1998). Analysis conducted at the International
Food Policy Research Institute (IFPRI) (Scherr
and Yadav, 1996) suggest that a slight increase
in land degradation relative to current trends
could result in 17-30 percent higher world prices
for key food commodities in 2020, and increased
child malnutrition. Besides diminishing food
production and food security, land degradation
hampers agricultural income and thereby eco-
nomic growth, as shown by analysis supported
by country models in Nicaragua and Ghana
(Scherr and Yadav, 1996). Land degradation can
ultimately result in emigration and depopula-
tion of degraded areas (Requier-Desjardins and
Bied-Charreton, 2006).

Long-term effects of land degradation and, in
particular, the reversibility of land degradation
processes and the resilience of ecosystems are
subject to debate. Soil compaction, for example,
is a problem in vast areas of cropland world-
wide. It is estimated to be responsible for yield
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reductions of 25 to 50 percent in parts of the EU
and North America, with on-farm losses esti-
mated at US$1.2 billion per year in the United
States. Compaction is also an issue in Western
Africa and Asia (Eswaran, Lal and Reich, 2001).
Soil compaction is, however, relatively easily
reversed by adapting ploughing depth. Water
and wind erosion, in contrast, have irreversible
consequences, for example mobile sand dunes
(Dregne, 2002). Reversal of the land degradation
process often requires substantial investments,
which may fall beyond investment capacity or
do not grant satisfactory returns under cur-
rent economic conditions. Rehabilitation costs
of degraded land were estimated on average at
US$40/ha/year for pastures, US$400/ha/year for
rainfed cropland and US$4 000/ha/year for irri-
gated cropland in sub-Saharan Africa, with aver-
age investment periods of three years (Requier-
Desjardins and Bied-Charreton, 2006).

2.1.4 Livestock and land use:

the “geographical transition”

Historically, people raised livestock as a means
to produce food, directly as meat and dairy prod-
ucts and indirectly as draught power and manure
for crop production. Since conservation technol-
ogy and transport facilities were poor, goods and
services from livestock were used locally. Live-
stock were kept geographically close to human
settlements, in most cases while pastoralists
grazed animals on their migrations.

Distribution trends have varied according to the
type of species. Monogastric species (e.g. pigs
and poultry] have predominantly been closely
associated with human populations, in house-
hold backyards. The reason is that monogastric
species depend on humans for feed (e.g. house-
hold waste, crop by-products) and for protection
from predators. The distribution of human popu-
lations and monogastric species is still closely
correlated in countries with traditional produc-
tion systems (FAO, 200éc; Gerber et al., 2005). In
the distribution of ruminant species (e.qg. cattle,
buffaloes, sheep, goats) feed and especially fod-

der resources have played an important role.
The land area used for ruminant production
is generally substantial. Ruminants have been
herded where there are pasture resources, and
only in exceptional cases have they been fed with
harvested feed (e.g. draught animals or season-
ally in cold areas). Herding ruminants involves
daily or seasonal movements, over distances
varying from hundreds of metres up to hundreds
of kilometres in the case of large-scale transhu-
mance or nomadism. Some or all of the humans
relying on the herd are involved in the movement,
sometimes keeping a geographical anchor area
(e.g. village, boma, territoire d’attache).

In modern times, livestock production has
developed from a resource-driven activity into
one led mainly by demand. Traditional livestock
production was based on the availability of local
feed resources, in areas where disease con-
straints allowed this.

Modern livestock production is essentially
driven by demand for livestock products (Del-
gado et al, 1999), drawing on additional feed
resources as required. As a result, the location
of livestock production is undergoing important
shifts. With the emergence of large economies
such as China and India as new centres of
demand and production (Steinfeld and Chilonda,
2006) these geographic shifts have accelerated
globally over the last decades. The geography
of livestock production and its changes are the
keys to understanding livestock-environment
interactions. For example, livestock waste does
not pose an environmental problem in areas of
sparse livestock density; on the contrary, it is
a valuable input to crop activities and helps to
maintain soil fertility. In contrast, in areas of
high livestock density, the capacity of surround-
ing land or waters to absorb the waste is often
exceeded and environmental damage ensues.

Access to markets, feed resources, infrastruc-
ture, prices for land, labour and transport and
disease status affect the location of livestock
production. In this chapter we will analyse the
trends in livestock geography and the underlying
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determinants, to help understand and inter-
pret the environmental consequences. We will
examine first the overall extent of land devoted
directly or indirectly to livestock production, and
then the geographical distribution of the main
stages and types of livestock production.

Land use intensification in the feed sector

The first main feature is livestock’'s demand for
pasture and cropland, and the very substantial
changes in area that have occurred in the past
and continue to occur. Grazing land has expand-
ed by a factor of six since 1800, and now covers
roughly 35 million km?, including large areas of
continents where previously there had been little
or no livestock grazing (North America, South
America, Australia). In many areas, grazing has
expanded to occupy virtually all the land that can
be grazed and for which there is no other demand
(Asner et al., 2004). South America, Southeast
Asia and Central Africa are the only parts of the
world where there are still significant areas of
forest that could be turned into grazing, but in
the latter major investments in disease control
would be needed. As described in Section 2.5,
the expansion of pasture into forest ecosystems
has dramatic environmental consequences.

More recent is the advent of grain-feeding to
livestock, starting in the 1950s in North America,
extending into Europe, the former Soviet Union
and Japan in the 1960s and 1970s, now common-
place in much of East Asia, Latin America and
West Asia. Grain-feeding is not widespread yet
in most of sub-Saharan Africa and South Asia,
but is rapidly increasing from a low base. This
demand for feedgrains and other feed materials
has greatly increased the arable land require-
ments of livestock production, from a very small
area to about 34 percent of the total arable land
today (see Section 2.3).

Both the long-term expansion of grazing land
and the more recent expansion of arable land for
feed will probably reach a maximum, followed by
a future decrease. World population is expected
on the UN’s medium projection to grow to just
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over 9 billion in 2050, about 40 percent more than
today, and to begin decreasing shortly thereafter
(UN, 2005). Population growth will combine with
changes in incomes and urbanization rates to
determine global trends in demand for animal-
derived food, though the details are, of course,
uncertain. In some developed countries, demand
growth is already slowing or declining. In emerg-
ing economies, the ongoing livestock revolution is
also poised for a slow down, as the tremendous
increases in per capita livestock consumption of
the past two decades have already occurred, and
population growth continues to slow.

In fact, growth rates of livestock production
for all developing countries peaked in the 1990s
at 5 percent per year, falling to an average of
3.5 percent for the 2001-2005 period. In Asia
and the Pacific, where China drove the livestock
revolution, average annual growth rates peaked
in the 1980s at 6.4 percent, and have decreased
since then to 6.1 percent in the 1990s and 4.1
percent over the 2001 to 2005 period. Production
followed a similar pattern in West Asia and North
Africa. Some regions may, however, not yet have
reached their peak in production growth. Growth
rates patterns are less clear in Latin America
and may well further increase, pulled by export-
oriented production in countries such as Argen-
tina or Brazil. Consumption and production are
still very low in Africa and will increase as eco-
nomic growth allows. Finally, production growth
is expected to be strong in transition countries,
recovering to previous levels. Despite these
areas of expansion, it is probable that the bulk of
global growth in livestock production has already
occurred and that further growth will take place
at diminishing rates.

At the same time, intensification and the
continued shift from ruminants to monogastrics
(especially poultry) are continuously improving
land-use efficiency, helping to reduce the land
area used per unit of output. This is reinforced
by the effect of increased feedcrop produc-
tion efficiency, demonstrated by the continuing
yield increases in all major feedcrops described
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above. By reducing post-harvest losses, advanc-
es in processing and distribution technology and
practices also reduce the land required per unit
of consumed products. The combined effect, in
many developed countries, has been a decrease
in the extent of grazing land, amounting to, for
example, 20 percent since 1950 in the United
States.

Two antagonist trends are thus at play: on the
one hand production growth will further increase
land demand by the sector, though at dimin-
ishing growth rates. On the other, continuous
intensification will reduce the area of land used
per unit of output. The relative strength of these
two trends will determine the trend in total area
used by livestock. It is suggested here that the
global land requirements of the livestock sector
will soon reach a maximum and then decrease.
Grazing areas will start to decline first, fol-
lowed by a reduction in land required for feed
production. This overall trend is proposed as a
model for understanding of livestock geography
dynamics.

Locations shift in relation to markets and

feed sources

The second major feature in livestock geography
is livestock’'s changing spatial distribution: the
geographical association with the feed base on
the one hand, and with people and their needs for
animal products on the other. At pre-industrial
levels of development, monogastrics and rumi-
nants follow different patterns of distribution.
The distribution of monogastrics follows that of
human settlements. When humans live predomi-
nantly in rural areas, so do monogastrics. In the
early phases of industrialization, occurring today
in many developing countries, humans rapidly
urbanize, and so do monogastrics, usually in a
peri-urban belt around consumption centres.
This rural to peri-urban shift creates significant
environmental problems and public health haz-
ards. In a third phase, these problems are cor-
rected by the gradual relocation of farms farther
away from cities, once living standards, envi-

ronmental awareness and institutional capacity
permit. The same pattern applies for ruminants,
but is less pronounced because their higher
daily fibre requirements entail bulk movement
of fodder, and the cost of this acts as a brake to
the urbanization of livestock. Ruminant produc-
tion, both meat and milk, tends to be much more
rural-based throughout the different phases of
development, even though important exceptions
exist (for example, peri-urban milk production,
such as observed in India, Pakistan and around
most sub-Saharan cities).

The rapid urbanization of livestock, in particu-
lar monogastrics, and the subsequent gradual
de-urbanization is a second distinct pattern
taking place alongside the land-use intensifica-
tion of the sector. Both patterns have immense
implications for livestock’s impact on the envi-
ronment, and constitute the basic theme of
this and the following chapters. We will use the
expression “livestock transition” as a short form
for these two patterns.

2.2 Geography of demand

On a global scale, the geographical distribution
of the demand for animal-derived foods broadly
follows that of human populations (Map 3, Annex
1). However, people have quite different demand
patterns, depending on income and preferences.
The rationale on which people select their food
is complex, based on a number of objectives,
and decisions are influenced by individual and
societal capacity and preferences, as well as
availability. Food preferences are undergoing
rapid changes. While growing incomes in devel-
oping countries are increasing the intake of pro-
teins and fats, some higher income segments in
developed countries are cutting down on these
components, for a number of reasons including
health, ethics and an altered trust in the sector.
On average, per capita consumption of animal-
derived foods is highest among high-income
groups, and growing fastest among lower- and
middle-income groups in countries experienc-
ing strong economic growth. The first group is
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Table 2.4

Livestock and total dietary protein supply in 1980 and
2002

Total Total
protein supply protein
from livestock supply

1980 2002 1980 2002

[ g/person................ ]
Sub-Saharan Africa 10.4 9.3 53.9 55.1
Near East 18.2 18.1 76.3 80.5
Latin America
and the Caribbean 27.5 34.1 69.8 77.0
Asia developing 7.0 16.2 53.4 68.9
Industrialized countries 50.8 56.1 958  106.4
World 20.0 24.3 66.9 75.3

Source: FAQ (2006b).

mostly concentrated in OECD countries, while
the latter is mostly located in rapidly growing
economies, such as Southeast Asia, the coastal
provinces of Brazil, China and parts of India.
The two groups coincide geographically in urban
centres in rapidly growing economies.

Table 2.4 provides an overview of the impor-
tant changes that have occurred in the average
protein intake of people in various world regions.
People in industrialized countries currently
derive more than 40 percent of their dietary
protein intake from food of livestock origin (the
figures do not include fish and other seafood),
and little change has occurred between 1980
and 2002. Changes have been most dramatic in
developing Asia, where total protein supply from
livestock for human diets increased by 140 per-
cent, followed by Latin America where per capita
animal protein intake rose by 32 percent. In con-
trast, there has been a decline in consumption
in sub-Saharan Africa, reflecting economic stag-
nation and a decline in incomes. Detailed con-
sumption patterns are shown in Table 2, Annex
2. The increasing share of livestock products in
the human diet in many developing countries is
part of a dietary transition that has also included
a higher intake of fats, fish, vegetables and fruit,
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at the expense of staple foods, such as cereals
and tubers.

Two major features emerge from these trends.
First, there is the creation of new growth poles in
emerging economies, with Brazil, China and India
now being global players. Meat production in the
developing countries overtook that of developed
countries around 1996. Their share of production
is projected to rise to about two-thirds by the
year 2030 (FAO, 2003a). In contrast, in developed
countries both production and consumption are
stagnating and in some places declining. Second
is the development of demand hotspots - urban
centres - with high consumption per capita, fast
aggregate demand growth, and a shift towards
more processed animal-derived foods. A cer-
tain homogenization of consumed products (e.g.
chicken meat) is also observed, although local
cultures still have strong influence.

2.3 Geography of livestock resources
Different livestock species have the capacity
to utilize a wide variety of vegetative material.
Usually, feedstuff is differentiated into rough-
age, such as grass from pastures and crop resi-
dues, and feed concentrates, such as grains or
oilseeds. Household waste and agro-industrial
by-products can also represent a large share of
feed resources.

2.3.1 Pastures and fodder

Variations in conversion, management and
productivity

Grasslands currently occupy around 40 percent
of the total land area of the world (FAO, 2005a;
White, Murray and Rohweder, 2000). Map 4
(Annex 1) shows the wide distribution of pas-
tures. Except in bare areas (dry or cold deserts)
and dense forest, pastures are present to some
extent in all regions. They are dominant in Oce-
ania (58 percent of the total area - 63 percent in
Australial, whereas their spread is relatively lim-
ited in West Asia and North Africa (14 percent)
and South Asia (15 percent]. In terms of area,
four regions have 7 million km? of grassland
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or more: North America, sub-Saharan Africa,
Latin America and the Caribbean and the Com-
monwealth of Independent States (see Table 3,
Annex 2).

As Table 2.5 shows, grasslands are increasing-
ly fragmented and encroached upon by cropland
and urban areas (White et al., 2000). Agriculture
expansion, urbanization, industrial development,
overgrazing and wildfires are the main factors
leading to the reduction and degradation of
grasslands that traditionally hosted extensive
livestock production. The ecological effects of
this conversion, on ecosystems, soil structure
and water resources, can be substantial. There
are, however, signs of an increasing apprecia-
tion of grassland ecosystems and the services
they provide, such as biodiversity conservation,
climate change mitigation, desertification pre-
vention and recreation.

Permanent pastures are a type of human land
use of grasslands, and are estimated to cover
about 34.8 million km?, or 26 percent of the total
land area (FAO, 2006b). Management of pas-
ture and harvested biomass for livestock varies
greatly. On balance, although accurate estimates
are difficult to make, biomass productivity of
pastures is generally much lower than that of
cultivated areas. A number of factors contribute
to this trend. First, large pastures mainly occur
in areas with marginal conditions for crop pro-

Table 2.5

Estimated remaining and converted grasslands

duction (either temperature limited or moisture
limited], which explain their low productivity in
comparison to cropland. Second, in the arid and
semi-arid rangelands, which form the major-
ity of the world’s grassland, intensification of
the areas used as pasture is often technically
and socio-economically difficult and unprofit-
able. Most of these areas already produce at
their maximum potential. In addition, in much
of Africa and Asia, pastures are traditionally
common property areas that, as internal group
discipline in the management of these areas
eroded, became open access areas (see Box 2.2).
Under such conditions any individual investor
cannot capture the investments made and total
investments levels will remain below the social
optimum. Lack of infrastructure in these remote
areas further contributes to the difficulty of suc-
cessfully improving productivity through individ-
ual investments. In extensive systems, natural
grasslands are thus only moderately managed.
However, where individual ownership prevails
or traditional management and access rules are
operative, their use is often carefully planned,
adjusting grazing pressure seasonally, and mix-
ing different livestock classes (e.g. breeding
stock, young stock, milking stock, fattening
stock] so as to reduce the risks of climate vari-
ability. In addition, techniques such as controlled
burning and bush removal are practices that can

Percentage of

Continent and region

Remaining Converted

Converted Converted to Total

to to urban other converted
grasslands croplands areas (e.g. forest)

North America tallgrass prairies in the United States 71.2 18.7 0.7 90.6
South America cerrado woodland and savanna in

Brazil, Paraguat and Bolivia 71.0 5.0 3.0 79.0
Asia Daurian Steppe in Mongolia, Russia and China 19.9 1.5 6.9 28.3
Africa Central and Eastern Mopane and Miombo in United Republic of Tanzania,

Rwanda, Burundi, Dem. Rep. Congo, Zambia, Botswana,

Zimbabwe and Mozambique. 191 0.4 7.2 26.7
Oceania Southwest Australian shrub lands and woodlands 37.2 1.8 4.4 43.4

Source: White, Murray and Rohweder (2000).
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Box 2.2 The complex and weakening control of access to pastureland

Pastureland falls under a variety of property and
access rights. Three types of land tenure are gen-
erally recognized, namely, private (an individual or
a company), communal (a local community) and
public (the state). Access rights can overlap with
property rights, sometime resulting in a complex
set of rules controlling the use of resources. Such
discrepancies between access rules and the multi-
plicity of institutions responsible for their applica-
tion often lead to conflicts among stakeholders
claiming access to pastureland. In this regard,
the Rural Code of Niger is an exemplar attempt

to secure pastoralists’ access to rangelands while

Table 2.6

maintaining such areas under a common property
regime. The table below provides an overview of
these rules and of the relative level of security
they provide for the livestock keeper accessing the
land resource. Access to water often adds another
layer of access rights: in the dry lands, water plays
a critical role as location of water resources are
determinant to the use of pastures. Consequently,
water rights are key to the actual access to arid and
semi-arid pastureland. Holding no formal rights
over land, pastoralists often do not get rights over
water thereby suffering from a double disadvan-
tage (Hodgson, 2004).

Land ownership and access rights on pastoral land: possible combinations and resulting level of access

security for the livestock keeper

No overlapping Lease

access right

Customary
access rights'

Illegal intrusion or
uncontrolled access

Private ot 0 to ++ Oto +
Issues may arise Conflict
Freehold from the conflicting
overlap between customary
from ++ to +++
. access right and
Depends on the duration
) recent land titling policies.
of the leasing contract
and the strength of the
Communal  +++ +to +++ +to ++

institution that guarantees

Case of .
the leasing contract.

commonly/nationally

owned herds

Customary access rights Depends on the relative

tend to loose strength and strength of local
stability because of migrations  communities/public
and overlap with exogenous administration and

property and access right. livestock keepers

Note: Level of stability in the access to the resource, from very high (+++) to very low (0)
! Customary access rights can take numerous forms. A common trait is their indentification of first and latecomers. They
are thus quite vulnerable to strong migration fluxes, in which context they may exacerbate ethnic quarrels

Source: Chauveau, 2000; Médard 1998; Klopp, 2002.

improve pasture productivity, although they may
also increase soil erosion and reduce tree and
shrub cover. The low management level of exten-
sive pasture is a major reason why such grass-

For the purpose of this assessment, grass-
lands are grouped into three categories: exten-
sive grasslands in marginal areas, extensive
grasslands in high potential areas, and intensive

lands can provide a high level of environmental

pastures.

services such as biodiversity conservation.
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Box 2.2 (cont.)

Stability and security in accessing the pastoral
resource are of utmost importance, as they are
determinant to the management strategy the user
will adopt. In particular, investments in practices
and infrastructures improving pasture productivity
may only be implemented if there is a sufficiently
high probability to realize economic returns on the
mid to long term. More recently, the existence of
clear usage rights has shown to be indispensable
to the attribution and remuneration of environmen-

tal services.

Table 2.7

Land use and land ownership in the United States
Acre Cropland Pasture Forest Other Total
Federal 0 146 249 256 651
State and local 3 41 78 73 195
Indian 2 3 13 8 53
Private 455 371 397 141 1364
Total 460 591 737 475 2263

Relative percentages

Federal 0 25 34 54 29
State and local 1 7 " 15 9
Indian 0 6 2 1 2
Private 99 63 54 30 60

Source: Anderson and Magleby (1997).

While detailed statistics are lacking, it is prob-
ably safe to say that most pasture land is private
property, not common property and government
land. Pasture are predominantly established on
communal and public land in Africa (e.g. freehold
land covers only about 5 percent of the land area in
Botswana), South Asia (e.g. Commons, dominantly
under pasture, account for around 20 percent of
India’s total land area), West Asia, China as well as
Central Asia and Andean highlands. Furthermore,
in Australia, most of the Crown Land - representing
about 50 percent of the countries’ area - is grazed
under leases. In contrast, the majority of pasture
land is titled under private ownership in Latin
America and in the United States. Indeed, a survey
on the United States shows that 63 percent of pas-
tures are privately owned, while 25 percent belong
to the Federal State and the rest to states and local
communities (see Table 2.7). Finally, in Europe,
pasture located in fertile low lands are gener-
ally privately owned, while marginal areas such
as mountain rangelands and wetlands are usu-
ally public or communal, with traditional access

rights.

Extensive pasture in marginal areas are
defined here as having a net primary productiv-
ity of less than 1200 grams of carbon per m?/yr
(Map 4, Annex 1; Table 4, Annex 2. This is the
largest category by area (60 percent of all pas-
tures), and is located mostly in dry lands and cold
lands. This category is particularly dominant in
developed countries, where it represents almost
80 percent of grasslands, while in developing
countries it accounts for just under 50 percent of
pastures. The contrast can be explained by dif-
ferences in the opportunity cost of land: in devel-
oped countries, areas with good agro-ecological

potential are generally used in more intensive
forms than pasture. Grasslands in marginal
areas are used extensively, either by mobile pro-
duction systems (Africa, the CIS, South Asia and
East Asial, or in large ranches (Oceania, North
America). Using actual evapotranspiration (AET)
as an indicator of vegetation climatic stress,
Asner et al. (2004) show that in dry land biomes
grazing systems tend to occupy the driest and
climatologically most unstable regions, and in
temperate biomes the most humid and/or cold
parts. In terms of soils, the authors also show
that grazing systems generally occupy the least
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fertile soils in the dry lands and the unfrozen
soils of the boreal areas, along with both least
fertile and moderately fertile soils in the tropical
biomes. They conclude that the land frontier for
further pasture expansion into marginal areas is
exhausted.

Extensive pasture in high potential areas is
defined as those with a net primary productivity
of more than 1200 g of carbon per m?/y (Map 4,
Annex 1; Table 4, Annex 2). Pastures in this cat-
egory are predominantly found in tropical humid
and subhumid climates, as well as in parts of
Western Europe and the United States. Because
biomass production is steady or seasonal, such
pastures are predominantly fenced in and grazed
throughout the year.

Intensive cultivated pasture production is
found where climatic, economic and institutional
conditions are favourable, and land is scarce.
Such conditions are typically found in the EU,
North America, Japan and the Republic of Korea.
In the EU, meat and dairy production units rely
to a large extent on temporary pastures (leys),
and on the cultivation of forage crops for fresh
and conserved feed. The most intensive pastures
are found in southern England, Belgium, the
Netherlands and parts of France and Germany.
Forage systems are high-yield oriented, with
regular use of high levels of mineral fertiliz-
ers combined with regular manure applications
and mechanization. These intensively used pas-
tures are a main source of nutrient loading and
nitrate pollution in those countries. Cultivated
grasslands are usually species-poor and are
typically dominated by Lolium species (European
Commission, 2004). Intensive forage production
in some cases supplies processing industries,
such as alfalfa dehydration and hay compac-
tion. These industries (mostly in Canada and the
United States] are highly export-oriented.

2.3.2 Feedcrops and crop residues

The feed use of primary food crop products such
as cereals and pulses has increased rapidly
over recent decades, responding to the growing
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demand for feed and the inability of traditional
feed resources to supply the quantities and qual-
ities required. The growing demand for food and
feed has been met without an increase in prices.
On the contrary, it was driven by a decrease in
cereal prices. In real terms (at constant US$)
international prices for grains have halved since
1961 (FAO, 2006b). Expanding supply at declining
prices has been brought about mainly by intensi-
fication of the existing cropped area.

Cereals

Expansion of feed use slows as feed conversion
improves

Some 670 million tonnes of cereals were fed to
livestock in 2002, representing a cropped area of
around 211 million hectares. A variety of cereals
are used as feed, mostly for monogastric species
including pigs and poultry. For ruminants, cere-
als are usually used as a feed supplement. How-
ever, in the case of intensive production, such as
feedlot or dairy production, they can represent
the bulk of the feed basket.

Worldwide, the use of cereal as feed grew
faster than total meat production until the mid-
1980s. This trend was related to the intensifica-
tion of the livestock sector in OECD countries,
and the related increase in cereal-based animal
feeding. During this period, the increasing share
of cereals in the feed basket raised the meat pro-
duction. After this period, meat production has
grown faster than cereal use as feed. This can be
explained by increasing feed conversion ratios
achieved by a shift towards monogastric species,
the intensification of livestock production based
on high-yielding breeds and improved manage-
ment practices. In addition, the reduction of sub-
sidies to cereal production under the EU Com-
mon Agricultural Policy and economic regression
in the ex-socialist countries of Central Europe
have reduced the demand for feed grains.

In developing countries, increased meat
production has been coupled with increasing
use of cereals for feed over the whole period
(Figure 2.3). Recently, though, demand for cereal
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as feed has tended to stabilize, while total
meat production has continued to grow, prob-
ably driven by highly intensive and monogastric-
dominated developing countries, such as Brazil,
China and Thailand.

Overall, since the late 1980s, feed demand for
cereal has been relatively stable. Such stability,
observed at an aggregated level, hides a marked
geographical shift in demand, which occurred in
the mid-1990s. Demand in the transition coun-
tries fell sharply, offset by increases in demand
from Asian developing countries (Figure 2.4).
At the same time, but more progressively, feed
demand dwindled in industrialized countries and
strengthened in the developing world.

Expressed as a share of total cereal produc-
tion, volumes of cereal used as feed increased
substantially in the 1960s, but remained fairly
stable thereafter and even declined in the late
1990s.

Among the cereals, maize and barley are used
mainly as feed - more than 60 percent of their
total production over the 1961 to 2001 period.
However, feed demand for cereals varies greatly
across regions. Maize is the predominant feed
cereal in Brazil and the United States, while
wheat and barley are dominant in Canada and
Europe. Southeast Asia relied on similar propor-
tions of wheat until the early 1990s, since then,
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has progressively shifted to maize. These trends
reflect the suitability for production of particular
crops in these regions — wheat and barley being
more adapted to temperate or cold climates than
maize (Map 5, Map 6 and Map 7, Annex 1).
Different comparative advantages for pro-
ducing feedgrains, along with trade conditions,
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translate into different feed rations at the live-
stock production level. There is a remarkable
homogeneity in the total cereal component in
feed rations across analysed countries (cereals
represent for example about 60 percent of the
weight of chicken feed - Figure 2.6). However,
countries differ noticeably in the mix of various
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Figure 2.6 Relative composition of chicken feed ration in selected countries (by weight)
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cereals. Maize dominates in chicken feed in Bra-
zil, China and the United States and wheat in the
EU. Similar trends are observed for pigs, with a
more variable cereal content (60 to 80 percent)
for the analysed countries (Figure 2.7).

Crop residues

A valuable but increasingly neglected resource
Crop residues are a by-product of crop agricul-
ture. They are typically high in fibre content but
low in other components and indigestibility. The
role of crop residues is, therefore, usually one of
supplementing basic caloric and fibre require-
ments, mostly in the diet of ruminants. The use
of crop residues such as straw and stover as feed
is still fundamental to farming systems that pro-
duce both crops and livestock. In these systems,
livestock (particularly ruminants) convert resi-

dues into valuable food and non-food goods and
services. Crop residues represent a large share
in the feed basket, especially in tropical semi-
arid and subhumid environments where most
of the world’s poor farmers live (Lenné, Fernan-
dez-Rivera and Bimmel, 2003). Crop residues
- as well as agro-industrial by-products - often
play a critical role during periods when pastures
are in low supply (Rihani, 2005). Devendra and
Sevilla (2002) estimated that 672 million tonnes
of cereal straws and 67 million tonnes of other
crop residues are potentially available as feed in
Asia. The actual use of rice straw as feed varies
greatly, from over 70 percent of the available
total in Bangladesh and Thailand to only 15 per-
cent in South Korea. In other countries of South-
east Asia and in China, the share is estimated at
between 25 and 30 percent.
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Figure 2.7 Relative composition of pig feed basket in selected countries (by weight)
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Despite its local importance in smallholder
mixed farming systems, the use of crop residues
as feed is in decline. A number of factors drive
this trend, all are related to agricultural inten-
sification. First, less crop residues are available
per unit of crop produced, because of genetic
selection aimed at reducing residues (e.g. dwarf
cereals) and because of more effective harvest-
ing machinery. Second, genetic selection, based
on performance traits relating to the main food
product, tends to reduce the quality of crop
residues (Lenné, Fernandez-Rivera and Bim-
mel, 2003). Third, intensive livestock production
requires feed of high quality, which typically can-
not be provided by crop residues. In addition, crop
residues have gained increasing importance as a
source of energy and in furniture production.
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Other feedcrops

After cereals, the second main category of feed-
crop is roots and vegetables. About 45 million
tonnes were fed to livestock in 2001 - mostly
cassava, potatoes, sweet potatoes, cabbage and
plantain. In addition, about 17 million tonnes
of pulses (mainly peas and beans) were fed to
livestock, representing an important share of
protein intake in some places, e.g. France, Italy
and the Netherlands. Pulse, root and vegetable
feedcrops are estimated to span a total area
of over 22 million hectares. Qil seeds can also
directly be fed to livestock, although the large
majority is processed and only by-products are
used as feed. In 2001, feed demand for oil seeds
totalled about 14 million tonnes, equivalent to a
cropped area of 6.4 million hectares. The main
oil seeds used as feed include soybeans, cotton-
seed, rapeseed and sunflower seed.
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2.3.3 Agro-industrial by-products

As humans develop ever more sophisticated food
chains, agro-industries are growing and so is the
availability of associated by-products as sources
of animal feed. An increasing share of human
food is being processed, the number of stages
of processing is growing, and processing plants
are scaling up. All these factors raise the avail-
able amounts of by-products of reliable quality,
so that gathering and processing them as feed
becomes economically profitable.

Soybean

Feed demand drives a production boom

Soymeal, a by-product of the soybean oil indus-
try, is a case in point. In oil extraction, soybeans
yield 18 to 19 percent oil and 73 to 74 percent
meal (Schnittker, 1997); the rest is waste. Only a
small portion of the harvested beans is directly
fed to animals (about 3 percent globally). How-
ever, more than 97 percent of the soymeal
produced globally is fed to livestock. Soymeal
is used primarily in the diet of monogastric
species, particularly chickens and to a lesser
extent pigs. Figure 2.8 shows the high frac-
tion of soybeans processed by the oil industry,
and the stable ratio between processed beans
and resulting cakes over the last four decades.
Worldwide, the feed demand for soymeal has
skyrocketed over the past four decades, reaching
130 million tonnes in 2002 - see Figure 2.8. This
far outstrips the second largest oilcake, made of
rape and mustard seed, with 20.4 million tonnes
of production in 2002.

Growth of soymeal feed production took off
in the mid-1970s and accelerated in the early
1990s, propelled by rapidly growing demand in
developing countries. However, soymeal use per
person is much higher in developed countries
(50 kg per capita as opposed to 9 kg in devel-
oping countries). Over the past four decades,
demand for soymeal has increased faster than
total meat production, implying a net increase
in the use of soymeal per unit of meat produced.
This is true for ruminant as well as monogastric

species. Part of this increase in use of soymeal
by livestock is a consequence of the increasing
demand for fishmeal in the fast expanding aqua-
culture sector, which, with a rather inflexible
supply of fishmeal, forced the livestock sector
to search for other protein substitutes in live-
stock feed. Aquaculture is more dependent on
fishmeal (and fish oil) than terrestrial animals,
and the share of fishmeal used by aquaculture
grew from 8 percent in 1988 to about 35 percent
in 2000 (Delgado et al, 2003) and 45 percent
in 2005 (World Bank, 2005a) despite efforts to
reduce the proportion of such products in the
fish feed ration. Another factor is the prohibition
of using animal offal in animal feed to reduce the
risk of mad-cow disease, which put more pres-
sure on the production of vegetable protein for
animal feed (see 2.3.4).

World soybean production tripled over the
1984 to 2004 period, half of this increase occur-
ring in the last five years. Production is highly
concentrated geographically. Eight countries
provide 97 percent of world production; the top
three countries (Argentina, Brazil and the United
States), account for 39 percent, 26 percent and
17 percent respectively. These three countries
also achieved the highest absolute growth in
production over the past four decades.

Map 9 (Annex 1) provides an overview of areas
where soybean is cropped for oil and meal
production. The strong geographical concentra-
tion is clearly visible. Soybean processing and
marketing have a high level of geographical
concentration, specialization, vertical integra-
tion and economies of scale. Small producers
- especially in developing countries - find it very
difficult to compete, especially when faced with
the requirements of rapidly expanding and highly
efficient international trade. Recently, however,
new countries started producing soybeans for
export, achieving substantial production growth
over the 1999 to 2004 period. These countries
are in Latin American (e.g. Bolivia, Ecuador,
Uruguay), the former Soviet bloc countries (e.g.
Czech Republic, Kyrgyzstan, the Russian Federa-

43



Livestock’s long shadow

tion and Ukraine) and Africa (e.g. Uganda). Of the
largest soybean producers, the United States
has the highest average yields: 2.6 tonnes per
hectare.

Some of the smaller producers also achieve
good results. Argentina and Brazil produce on
average about 2.4 tonnes/ha, while China’s yields
are only 1.65 tonnes/ha. India is far behind with
average yields of only 0.90 tonnes/ha (Schnittker,
1997). Over the past decade, the yield increase
has been substantial, although most of the
extraordinary growth in supply was the result
of expansion of soybean harvested area - see
Figure 2.2. Although the soy oil industry was
initially the main driver of soybean production,
feed demand is currently driving the expansion.
Indeed, soymeal accounted for about two-thirds
of the value of soybeans in recent years, with oil
about one-third. This situation has developed
over the past 30 to 40 years, as the demand
for protein for terrestrial and aquatic animal
feed increased rapidly and as the production of
other oil-rich seeds such as palm oil, canola
and sunflower weakened the demand for soy oil
(Schnittker, 1997). This is confirmed by the anal-

Figure 2.8 Global trends in demand for soybean
and soybean cake from 1961 to 2002

Million tonnes

T
1961 1966 1971 1976 1981 1986 1991 1996 2001

——— Soybean cake feed demand
—— Soybean processed for oil/cakes
- Total soybean demand

Source: FAO (2006b).
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ysis of feed baskets (Figures 2.6 and 2.7), which
shows that soymeal is a major source of protein
in all countries analysed. The contribution of
other locally produced vegetable protein sources
such as peas and other oil cakes is generally
limited. The increasing demand for oilseeds for
biofuels might change these trends (see 2.3.4).

Other agro-industrial by-products

Other agro-industrial by-products are less wide-
ly commercialized and their use is confined
to their regions of origin. They are often used
during droughts or other periods of scarce feed
supply to supplement pasture and crop residues
(Rihani, 2005). In North Africa, their contribu-
tion to feed resources for small ruminants rises
from 10 percent in favourable years to 23 percent
in years with drought, when pasture and crop
residues are short (Rihani, 2005). In this region,
agro-industrial byproducts used for feed include
brewery residues, citrus, tomato and date pulp,
olive cakes, and sugarbeet molasses and pulp.
In Japan, 30 percent of agro-industrial byprod-
ucts are recycled as feed after being dehydrated
(Kawashima, 2006).

In contrast, food wastes from marketing and
retailing are much less recycled as feed (5 to 9
percent, depending on the source), because their
content and quality vary greatly and their geo-
graphical spread increases collection costs. The
safety of food wastes is also questionable.

Household waste

The use of household waste as feed remains pre-
dominant among rural households in developing
countries; though in OECD countries it is only
sporadic. Food wastes are often collected from
food processors in urban centres. Food wastes
from individual households have been an impor-
tant traditional feed resource, in particular for
smallholder monogastric and dairy production.
Indeed, the recycling of household wastes, as
feed for monogastric species, explains the close
spatial correlation between human populations
and those of pigs and poultry prior to and during
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Table 2.8
Supply and recycling of food by-products in Japan

Supply Share Share

of recycle recycle
by-products as in
per feed other
year forms

(thousand tonnes) (%) (%)

Food manufacturing industry 4870 30 48
Food wholesaler/retailer 3360 9 26
Food service industry 3120 5 14
Total 11 350 17 32

Source: Kawashima (2006).

the early stages of industrialization. However,
rising environmental and human health require-
ments usually bring an end to backyard produc-
tion in urban and peri-urban areas, once rural
areas are connected to urban centres adequately
enough to provide sufficient and reliable sup-
plies.

2.3.4 Future trends

Increasing feed demand

Today, feed production is estimated to use
approximately 30 percent of the emerged land.
Statistics on pasture add up to 34.8 million km?
globally (26 percent of emerged land) while we
estimate that about 4.7 million km? of crop-
land are currently dedicated to feed production
(4 percent of emerged land or 33 percent of
all cropland). The latter does not include crop
residues but includes most agro-industrial by-
products (see methodological note in Annex 3).
In comparison, the shares of total meat output
from grazing, mixed and intensive landless,
are estimated at 8 percent, 46 percent and 45
percent respectively (see Section 2.4). The jux-
taposition of these figures gives a sense of the
strong intensity gradient along which livestock
use land.

Livestock production is projected to increase
and with it the demand for animal feed. FAO
(2003a) estimates that feed demand for grain
will increase by nearly one billion tonnes over

the 1997/99 to 2030 period (at growth rates of
1.9 percent a year between 1997/99 and 2015,
and 1.6 percent per annum thereafter). Most of
this growth will be driven by developing coun-
tries, where the use of concentrate feeds is
projected to grow faster than meat production.
Feed use is expected to remain the most dynam-
ic element driving the world cereal economy,
accounting for a growing share of aggregate
demand. Use of maize as feed is projected to rise
from 625 to 964 million tonnes over the 2002 to
2030 period, with most of the growth occurring
in developing countries (265 million tonnes),
especially in Southeast Asia (133 million tonnes),
Latin America (56 million tonnes) and to a lesser
extent in sub-Saharan Africa (33 million tonnes).
Projected feedcrop growth rates are higher than
over the last 15 years. The projected increasing
feed demand for cereals is the result of interact-
ing trends.

First, the current recovery of economic decline
in transition economies is expected to be sus-
tained, and with it the growing demand for live-
stock products. Such demand will fuel produc-
tion and thus feed demand to levels at least
equal to those observed in the early 1990s. Feed
demand for cereals is also expected to rise in
the EU, boosted by decreasing prices induced
by the common agricultural policy (CAP) reform
process. The reforms proposed in 1992, and
implemented in 1994 (Ray MacSharry reform),
brought a 30 percent cut in the cereal interven-
tion price, phased in over three years. These
were followed by a further reduction in sup-
port prices for cereals, which were agreed to in
March 1999 in the framework of Agenda 2000. In
parallel, factors reducing demand are expected
to weaken. Especially, the gain in feed efficiency
is expected to dwindle.

In the past decades, the shift towards mono-
gastric species, especially poultry, which has
a higher feed conversion ratio than ruminants
(typically 2 to 4 versus 7 kg of grain per kilogram
of meat) (Rosegrant, Leach and Gerpucio, 1999];
further gains in feed efficiency, from advanced
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feeding methods (multiple-stage feeding) and
breeding, have allowed a substantial increase
in feed efficiency, which has contributed to the
counterbalancing of the soaring demand for
feed. However, it is estimated that the shift
towards monogastric species will be slower than
over the last 20 years (FAQ, 2003a) and room for
feeding and breeding improvement also seems
limited.

The role aquaculture will play in this process
is uncertain. Products from fish fed on similar
feed as livestock (e.g. tilapia) may be increas-
ingly substituted for livestock products. Because
of their substantially better feed conversion ratio
than livestock® (typically 1.6 to 1.8 for tilapial,
aquaculture may play the role poultry played in
the past, depressing feed demand for cereals.

5 Fish are cold-blooded, use less energy to perform vital func-
tions and do not require the heavy bone structure and energy
to move on land. Fish catabolism and reproduction is also
more efficient.

Although possible, a significant shift to fish prod-
ucts would, however, require both the organiza-
tion of supply chains and changes in consumers’
preference and would thus probably only occur
over a long period.

Although at a slower pace, the number of
grazing animals will also increase, requiring
more fodder. Tilman et al. (2001) estimate a net
increase of 2 million km? of pasture by 2020 and
of 5.4 million km? by 2050. While recognizing that
pasture expansion will probably occur in Latin
America and, to a lesser extent, sub-Saharan
Africa, the authors of the current study consider
that these figures may be overestimated.

The potential and actual production of vegeta-
tive feed resources varies substantially across
the globe along with different ecological, eco-
nomic, technical and policy contexts. The ques-
tion of how feed supply can meet the demand
of a burgeoning livestock sector is of relevance
beyond its boundaries. Some aspects of this
question are assessed below.

Mixed cattle at pasture on a ranch in Obala - Cameroon 1969
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Pastures: backs against the wall

Exploring options for pasture expansion, Asner
et al. (2004) suggest that the expansion of graz-
ing systems into marginal areas has already
more or less reached the limits imposed by
climate and soil factors. Any significant increase
of grassland could, therefore, only take place in
areas with high agro-ecological potential.

To see what land-use changes might result
from pasture expansion, the current dominant
land use in areas with high suitability for pasture
but no current use as pasture are identified (see
Map 10, Annex 1). Globally, forestry is the pre-
dominant current use of this land (nearly 70 per-
cent) and in most of the continents, especially
in sub-Saharan Africa (88 percent] and Latin
America (87 percent). Cropland is the leading
current use in West Asia and North Africa, East-
ern Europe and South Asia. Urbanization is of
local relevance only, except in Western Europe,
where urban areas occupy 11 percent of the land
suitable for pasture.

These results suggest that any significant
increase of grassland into areas with high agro-
ecological potential can, therefore, only occur
at the expenses of cropland (which is highly
improbable] or through the conversion of for-
ests to pasture, as is currently happening in the
humid tropics.

In reality, pasture will most probably keep on
losing ground to cropland. This trend is already
occurring in a number of places, and in par-
ticular in Asia and sub-Saharan Africa, fuelled
by an increasing demand for grain. Urbanized
areas will also encroach into pasture land,
especially in areas with booming populations
such as sub-Saharan Africa and Latin America.
Encroachment by urban and cropland areas is
particularly harmful to pasture-based systems,
as it usually takes away the most productive
land. This compromises the access to biomass
during the dry season, when the less productive
land cannot sustain the herd. This often results
in overgrazing, increased losses during drought

and conflicts between pastoralists and agricul-
turalists.

Pastures are on the increase in Africa and
in Latin America where the land colonization
process is still ongoing. The pace of pasture
expansion into forests will depend mainly on
macro- and microlevel policies in concerned
areas. In OECD countries, the total pasture area
will be stable or declining, as rangelands are
converted to cropland, urban areas and natural
ecosystems/recreational areas. Since the pros-
pect of expansion on pastureland is limited, the
intensification of pasture production on the most
suitable land, and loss of marginal pastures,
is likely to continue (Asner et al, 2004). It is
indeed estimated that there is significant scope
for increased grassland production, through
improved pastures and enhanced management.
In the subhumid areas of Africa, and especially
in West Africa, Sumberg (2003) suggests that,
on fertile soils with good accessibility, crops
and livestock will be integrated, while the most
remote areas will be progressively marginalized
or even abandoned.

Climate change is also likely to alter grass-
land-based systems. The impact on natural
grasslands will be greater than on cropland,
where growing conditions can be more easily
manipulated (e.g. by irrigation or wind protec-
tion). On dry lands, the impact is projected to be
dramatic. Results from a case study in Mali by
Butt et al (2004) indicate that climate change
could reduce forage yields by as much as 16 to
25 percent by 2030, while crop yields would be
less affected, with a maximum of 9 to 17 percent
reduction for sorghum. In contrast, pastures
located in cold areas are expected to benefit from
rising temperatures (FAO, 2006c). An opportu-
nity for pasture expansion exists in transition
countries, where extensive areas of abandoned
grassland would be available for re-colonization
at relatively limited environmental cost.
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Croplands

Prospects for yield and land expansion jeopardized
by degradation and climate change

Producing more feed will require increasing
productivity, increasing production area, or a
combination of both. There is a wide consensus
that the potential to further raise the yield fron-
tier in cereals and oilseeds is generally large;
although yields may have peaked in some areas
(e.g. the Ganges basin) [Pingali and Heisey, 1999;
FAO, 2003a). In the case of major cereals, the
yield frontier of maize would be easiest to shift,
through technology transfer from industrialized
nations. Pingali and Heisey (1999) estimate that
this transfer is most likely to occur in China
or other parts of Asia, where rapidly expand-
ing demand for feed maize will make the crop
increasingly profitable and where the private sec-
tor should be able to make the necessary invest-
ments. In contrast, growth in soybean yields may
be slower (Purdue University, 2006). There is also
remaining potential for expansion of cropland.
Currently, arable land plus land under perma-
nent crops is estimated to represent slightly over
one-third of the land that is suitable for crop pro-
duction (FAO, 2003a). It is, therefore, estimated
that land expansion will continue to contribute to
the growth of primary agricultural output.

The prospects vary considerably by region. The
possibility of expanding cropland under grains
and soybean is limited in South and South-
east Asia (Pingali and Heisey, 1999). It is more
promising in most other continents, especially
in Africa and Latin America. The contribution of
arable land expansion to crop production over the
1997/99 to 2030 period is projected to be 33 per-
cent in Latin America and the Caribbean, 27
percent in sub-Saharan Africa, 6 percent in South
Asia and 5 percent in East Asia (FAO, 2003a).
These figures reflect the extent of areas with high
potential for cereal production (Map 11, Annex 1),
and soybean production (Map 12, Annex 1).

Two major issues jeopardize this overall
positive picture. First is the land degradation
associated with intensifying and expanding crop
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production, and its consequences in terms of
ecological damage and decreased productiv-
ity. Declining productivity trends observed lately
in South Asia can be directly linked to the
ecological consequences of intensive cropping,
including the build-up of salinity, waterlogging,
declining soil fertility, increased soil toxicity and
increased pest populations (Pingali and Heisey,
1999). Expanding arable land into natural eco-
systems also has dramatic ecological impli-
cations, including loss of biodiversity and of
ecosystem services such as water regulation
and erosion control. Issues of land degradation
associated with intensive agriculture are further
investigated in Section 2.5 below.

Second, although there seems to be enough
production potential for the world taken as a
whole, there are considerable local variations.
Because of land scarcity and poor land suit-
ability for cropping, local level land shortages
are likely to arise (FAO, 2003a). The impact of
climate change will also vary considerably by
region. Climate change will affect the yields of
vegetative resources for livestock production,
mainly through changes in temperature, rain-
fall, CO, concentration, ultraviolet radiation and
pest distribution. Indirect effects may also occur
through the alteration of soil biology and chem-
istry. Some of these changes will be damaging,
such as reduced yields in many areas; some
may be beneficial, such as the “fertilizing effect”
of increased CO, concentrations. The literature
tends to agree that there may be a net reduction
of yields aggregated at global level. However,
North America, South America, Western Europe
and Oceania are often listed among the regions
for which climate change may bring increasing
yields (Parry et al., 2004).

Competitions and complementarities in the quest
for feed biomass

Animals are not the sole users of crops, crop
wastes and by-products. The foodcrop, aquacul-
ture, forestry and energy sectors are competing
users, thus indirectly competing with livestock
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for land resources. Direct competition between
feed and food demand for cereal is estimated to
be low on average. The elasticity of the livestock
demand for cereals and oilseeds is much higher
than elasticity of the human demand. Thus, when
crop prices rise, the demand for meat, milk and
eggs tends to decrease rapidly, releasing more
of the cereal supply to human consumption. It
can, therefore, be argued that the use of cereals
by livestock represents a buffer, acting to protect
food demand from fluctuations in production
(Speedy, 2003). This buffering effect occurs also
on a smaller scale, for example with sheep fat-
tening in the Sahel. In a good year, the surplus
grain crop is used for the household fattening
of sheep, whereas in a bad year, it is exclusively
used for human food. But the availability of using
grain for animal feed in good years induces
farmers to grow more than strictly needed, thus
improving food security in a poor year.

FAO projections suggest that, despite region-
ally contrasted trends, the share of cereals glob-
ally used as feed is likely to increase by 2030,
driving cereal production growth from 1.8 to 2.6
billion tonnes between 1999/01 and 2030. An
increasing share of this feed use will be taken
by the aquaculture industry, which is expected
to grow at 4 to 6 percent per year to 2015, and 2
to 4 percent per year over the following 15 years
(FAO, 1997).

Indeed, with feed conversion ratios better than
those for livestock, aquaculture will become a
significant competitor to monogastric species in
regions such as Southeast Asia and sub-Saharan
Africa.

The energy sector is another competitor. With
the approaching depletion of fossil fuel resourc-
es and increasing efforts to mitigate climate
change, green energies based on vegetal bio-
mass are taking off. Today, ethanol produced
from sugar cane accounts for 40 percent of the
fuel sold in Brazil. Worldwide, fuel ethanol pro-
duction increased from 20 billion litres in 2000 to
40 billion litres in 2005, and is expected to reach
65 billion litres in 2010 (Berg, 2004,) In 2005, the

total area used for biofuel crop production in the
EU was around 1.8 million hectares (EU, 2006).
The average ethanol yield ranges between 3 000
litres/ha (based on maize] and 7000 litres/ha
(beet) (Berg, 2004). In the medium to long term,
this land use may well compete with feed pro-
duction. It is, however, foreseen that the “second
generation” of bio-fuels will rely on a different
biomass resource, shifting to the fermentation
of lingo-cellulosic materials. If such prospects
materialize, the biofuel sector may well become
a strong competitor of the grass-based livestock
production for the access to biomass.

Complementarities also exist. The potential
complementarities between food and feed pro-
duction at the level of crop residues and agro-
industrial by-products are well known and to
some extent achieved (e.g. oilseed meal). The
further expansion of agro-industrial by-prod-
ucts and non-conventional feed resources may
represent a major potential for increasing feed
resources from primary crop production.

In contrast, food wastes are seldom recycled
as feed. With a very low self-sufficiency for feed
(24 percent), Japan is exploring ways of increas-
ing recycling of food waste for feed. In addition to
reducing feedstuff imports, the aim is to reduce
environmental impacts currently associated with
incineration or dumping in landfills. Kawashima
(2006) proposes technical options for the sanita-
tion and homogenization of food wastes, based
on dehydration, heat treatment and silage.

In various contexts, food wastes and agro
industrial by-products could contribute substan-
tially to the feed supply, and by the same token
release pressure on land. Their better recycling
can help to improve self-sufficiency for feed and
to improve animal productivity by supplement-
ing diets. There is also an ecological interest in
recycling the nutrients and energy embodied in
food wastes and by-products, instead of dispos-
ing of them in environmentally damaging ways.
However, food safety and ethical concerns do
limit the potential for this practice, and must be
adequately addressed.
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Food safety and consumer preferences also shift
feed requirements

The bovine spongiform encephalopathy (BSE)
scare has shown the dramatic consequences
of an ill-considered recycling of agro-industrial
by-products (in this case meat and bone meal)
as animal feed. The incident and its media cov-
erage have also brought new livestock feeding
practices to general public attention. This and
similar events such as dioxin contamination of
broiler meat in some EU countries have created
widespread consumer distrust in the industrial
livestock sector. Following the precautionary
principle (UN, 1992], the EU set a ban on feeding
meat-and-bone meal to all farm animals start-
ing on 1 January 2001.

While the adoption of the precautionary prin-
ciple should guarantee safer animal-derived
foods, it may have a significant impact on feed
requirements. The EU meat-and-bone meal ban
is a dramatic example. Before the ban the
amount of meat and bone meal consumed in
the EU was about 2.5 million tonnes annually.
Based on protein equivalency, this equates to
2.9 million tonnes of soymeal or to 3.7 million
tonnes of soybeans (USDA/FAS, 2000). Large-
ly because of the ban, EU soymeal imports
increased by almost 3 million tonnes between
2001 and 2003, about 50 percent more than over
the previous period of the same length. Soybean
expansion and shipment creates environmental
impacts in terms of biodiversity erosion, pollu-
tion and greenhouse gas emissions (see Chapter
3). Although soymeal is the main beneficiary of
the meat-and-bone meal ban, corn gluten, field
peas, rapeseed meal and sunflower seed meal
are other potential substitutes. This example
casts a dramatic light on the conflicting objec-
tives associated with livestock production.

The need to address such tradeoffs is likely
to become increasingly acute, and policy deci-
sions in this area will be critical to the environ-
mental and social sustainability of the sector.
Another factor affecting the feed sector, and
in particular the soybean market is consumer
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concern about genetically modified organisms
(GMOs). Responding to consumer concerns, the
EU has required that products containing GMOs
be labelled so that consumers can identify them.
In addition, the EU is pushing for GMO soybeans
to be separated from other varieties, so that
those purchasing them for feed or as ingredients
can make a choice. This trend, if maintained, will
impact producers’ relative competitiveness as
well as production practices. More generally, the
use or banning of GMOs in animal feeds will have
an impact on the crop species used, produc-
tion practices, competitiveness of smallholders,
yields and the future geographical distribution of
their production areas.

2.4 Production systems: location
economics at play

Production and processing systems are shaped
by the requirements of linking demand with
resources (feed, labour, water, etc.), given
the available technology and capital. This has
resulted in the diverse geographical trends of
livestock and production systems that we cur-
rently observe. The pattern has changed over
time, following human population dynamics (e.g.
growth, movements), technical changes [e.g.
domestication, cropping, transport) and cultural
preferences.

These geographical shifts are still continu-
ing, perhaps even accelerating, as a result of
the rapid evolution driven by demand, resource
scarcity, technology and global trade (see Chap-
ter 1). The major changes in demand for animal
products were reviewed in Section 2.2. They
have resulted in a geographical redistribution of
demand, with urban centres in rapidly growing
economies emerging as consumption centres.

Resource availability influences livestock pro-
duction costs, especially land and water resourc-
es. Previous sections have shown that in several
regions of the world there is increasing competi-
tion for land and limited options for expanding
the feed base, while in other regions there is still
potential for expansion. In this section, we will
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first review the current geographical distribu-
tion of livestock and their production systems,
in the light of the sector’s history. We will then
explore current spatial trends of landless and
land-based production systems.

2.4.1 Historical trends and distribution
patterns

Historically, transport and communication infra-
structures were more limited than today. Prod-
ucts were not easily transported and technolo-
gies were not propagated rapidly. As a result,
demand and resources had to be linked locally,
mostly relying on locally available capital and
technology mixes. Traditionally, livestock pro-
duction was based on locally available feed
resources, particularly those of limited or no
alternative value, such as natural pasture and
crop residues. In a context of less developed
communication than nowadays, cultures and
religions were less widespread and more spe-
cific to limited areas. They, therefore, influenced
consumer preferences and production options in
more diversified ways.

Livestock production systems

Production environments, intensities and goals
vary greatly within and across countries. Animal
agriculture systems correspond to agro-ecologi-
cal opportunities and demand for livestock com-
modities. In general, the systems are adjusted
to the prevailing biophysical and socio-cultural
environment and, traditionally, since there were
no external inputs they have been, for the most
part, in sustainable equilibrium with such envi-
ronments.

In many of these systems, the livestock ele-
ment is interwoven with crop production, as in
the rice/buffalo or cereal/cattle systems of Asia.
Animal manure is often essential in maintaining
soil fertility, and the role of animals in nutri-
ent cycling is often an important motivation for
keeping animals, particularly where this involves
a transfer of nutrients from common property
resources to private land. In other cases, mobile

forms of livestock production have been devel-
oped to harness resources from semi-arid or
mountainous, seasonally shifting or temporarily
available pastures. Although many of these sys-
tems result from a long historical evolution, they
are currently under pressure to adjust to rapidly
evolving socio-economic conditions. Over recent
decades, large intensive livestock production
units, in particular for pig and poultry produc-
tion have emerged in many developing regions
in response to rapidly growing demand for live-
stock products.

For clarity of analysis, it helps to classify the
vast variety of individual situations into a limited
number of distinct livestock production systems.
Ideally the following criteria should be consid-
ered:

e degree of integration with crops;
e relation to land;

e agro-ecological zone;

e intensity of production;

e irrigation or rainfed; and

e type of product.

FAO (1996) has proposed a classification of
eleven categories of livestock production sys-
tems (LPSs) based on different types of farming
systems, relationship to land and agro-ecologi-
cal zone (see Figure 2.9). They identify two main
groups of LPSs:

e those solely based on animal production,
where more than 90 percent of dry matter fed
to animals comes from rangelands, pastures,
annual forages and purchased feeds, and less
than 10 percent of the total value of produc-
tion comes from non-livestock farming activi-
ties; and

e those where cropping and livestock rearing
are associated in mixed farming systems,
where more than 10 percent of the dry matter
fed to animals comes from crop by-products
or stubble, or more than 10 percent of the
total value of production comes from non-
livestock farming activities.
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Figure 2.9 Classification of livestock production systems

| LIVESTOCK PRODUCTION SYSTEMS |

Solely Livestock Production Systems [L] |

Mixed Farming Systems [M] |

| Landless LPS [LL] |

| Grassland-based LPS [LG] |

| Rainfed LPS [MR] | | Irrigated LPS [MI] |

]

I

Monogastric meat and
eggs [LLM]

Temperate zones and
tropical highland [LGT]
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Ruminant meat (beef) || Humid/subhumid tropics
LRI and subtropics [LGH]

Humid/subhumid
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and subtropics
natural irr. [MIA]

Arid/semi-arid tropics and

subtropics [MRA]

Source: FAO (1996).

Below the division between livestock-only and
mixed farming, four broad groupings can be
distinguished. Map 13 (Annex 1) shows the rela-
tive predominance of these four broad groups of
livestock production systems around the world
(Steinfeld, Wassenaar and Jutzi, 2006), while
Tables 2.9 and 2.10 show their relative prev-
alence in livestock numbers and production
data. Two of these broad groupings are among
the livestock-only systems: landless LPSs, and
grassland-based LPSs.

Landless LPSs are mostly intensive systems
that buy in their feed from other enterprises.
They are found mostly in Eastern North America,
Europe, Southeast and East Asia. These are
defined as systems in which less than 10 percent
of the dry matter fed to animals is farm-produced,
and in which annual average stocking rates are
above ten livestock units per km? (on average
at the census unit level]. The landless category
defined by FAO (1996) is split into landless rumi-
nant and landless monogastric systems. The
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presence of landless or “industrial” LPSs is
connected to both demand factors and supply
determinants. They are prevalent in areas with
high population density and purchasing power,
in particular coastal areas in East Asia, Europe
and North America, that are also connected to
ocean ports for feed imports. In contrast, there
are areas with ample feed supply such as the
mid-western United States and interior parts
of Argentina and Brazil, where industrial sys-
tems have been developed primarily using local
surpluses of feed supplies. East and Southeast
Asia strongly dominate industrial monogastric
production in the developing regions. Southern
Brazil is another industrial production hotspot of
global importance. Regionally important centres
of industrial production are found, for example,
in Chile, Colombia, Mexico and Venezuela, as
well as for chicken in the Near East, Nigeria and
South Africa.

The other three major categories are land-
based, with each category split into three
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Table 2.9

Global livestock population and production in different production systems

Parameter Livestock production system

Grazing Rainfed Irrigated mixed Landless/

mixed industrial

Population (million head)
Cattle and buffaloes 406.0 641.0 450.0 29.0
Sheep and goats 590.0 632.0 546.0 9.0
Production (million tonnes)
Beef 14.6 29.3 12.9 3.9
Mutton 3.8 4.0 4.0 0.1
Pork 0.8 12.5 29.1 52.8
Poultry meat 1.2 8.0 1.7 52.8
Milk 71.5 319.2 203.7 -
Eggs 0.5 5.6 17.1 35.7

Note: Global averages 2001 to 2003.
Source: Own calculations.

depending on the agro-ecological zone: temper-
ate and tropical highland; humid/subhumid trop-
ics and subtropics; and arid/semi-arid tropics
and subtropics

Grassland-based [or grazing) systems are
livestock-only LPSs, often based on grazing of
animals on seasonal, shifting or upland pas-
tures, primarily found in the more marginal
areas that are unfit for cropping because of low
temperature, low rainfall or topography, and
predominant in semi-arid and arid areas. They
are defined as systems in which more than 10
percent of the dry matter fed to animals is farm-
produced and in which annual average stocking
rates are less than ten livestock units per hect-
are of agricultural land. These systems cover the
largest land area and are currently estimated to
occupy some 26 percent of the earth’s ice-free
land surface. This figure includes a large variety
of agro-ecological contexts with very different
levels of biomass productivity.

The other two types of land-based system
practise mixed crop and livestock farming. Mixed
systems are prevalent in bio-climatically more
favoured ecosystems.

Rainfed mixed farming systems are mixed

systems in which more than 90 percent of the
value of non-livestock farm production comes
from rainfed land use. Most mixed farming sys-
tems are rain-fed and are particularly present in
semi-arid and subhumid areas of the tropics and
in temperate zones.

Irrigated mixed farming systems are found
throughout the world, but have generally limited
spatial extent. Exceptions are eastern China,
northern India and Pakistan, where mixed irri-
gated systems extend over large areas. They are
defined as mixed systems in which more than 10
percent of the value of non-livestock farm pro-
duction comes from irrigated land use.

Tables 2.9 and 2.10 show the distribution of
production (ruminants and monogastrics) and
of animal numbers (ruminants only) over the
production system groups, both globally and for
the developing regions. The 1.5 billion head of
cattle and buffaloes, and the 1.7 billion sheep
and goats, are fairly evenly distributed across
the land-based systems. However, their average
densities increase steeply from grazing systems
to mixed irrigated systems, since the latter have
far greater livestock-supporting capacities per
unit area.
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Table 2.10

Livestock population and production in different production systems in developing countries

Parameter

Livestock production system

Grazing Rainfed Irrigated mixed Landless/
mixed industrial

Population (million head)
Cattle and buffaloes 342.0 444.0 416.0 1.0
Sheep and goat 405.0 500.0 474.0 9.0
Production (million tonnes)
Beef 9.8 11.5 9.4 0.2
Mutton 2.3 2.7 3.4 0.1
Pork 0.6 3.2 26.6 26.6
Poultry meat 0.8 3.6 9.7 25.2
Milk 43.8 69.2 130.8 0.0
Eggs 0.4 2.4 15.6 21.6

Source: Own calculations.

Monogastrics shift towards landless industrial
systems, ruminants remain land-based

As yet, only a small fraction of the world’s rumi-
nant population is found in industrial feedlots,
partly owing to the fact that even in intensive
production environments feedlots are usually
used only in the final stage of the animal’s life
cycle. The vast majority of large and small rumi-
nant populations are found in the developing
regions. Ruminant productivity varies consider-
ably within each system, but overall productivity
in developing countries’ grazing and mixed sys-
tems is lower than in developed countries: glob-
ally, beef production per animal in grazing sys-
tems is 36 kg/head and year while the average
for developing countries is 29 kg/head and year.
By far the largest variation in intensity of produc-
tion is found within the mixed rainfed system, the
largest producer of ruminant products. Despite
the fact that the developing regions house the
vast majority of animals in this category, they
account for less than half of the category’s
production globally. In fact, beef productivity in
these regions averages 26 kg/head, as opposed
to 46 kg/head at world level, and their milk
production is only 22 percent of the world total.
Across all four categories, developing regions
account for half of the world's beef production,
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some 70 percent of mutton production and about
40 percent of milk production.

A sharply contrasting situation is found in the
monogastrics sector. Currently more than half
of the world’s pork production originates from
industrial systems and for poultry meat this
share amounts to over 70 percent. About half of
the industrial production originates from devel-
oping countries and, though reliable population
figures are not available, variation in productivity
between regions is probably much lower than for
ruminants. However, huge differences in total
production are found between the developing
regions. The majority of the world’s pork, poultry
and egg production from irrigated mixed sys-
tems takes place in developing regions. Although
substantial, production in Latin America is less
than one-tenth of that in Asia, whereas produc-
tion is almost absent in Africa and West Asia. The
developed countries and Asia together account
for over 95 percent of the world’s industrial pork
production .

Geographical distribution of main livestock
species

The distribution of species can also be examined
by agro-ecological zone (Table 2.11). Recent
strong industrial growth in production of mono-
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Table 2.11

Livestock population and production in different agro-ecological zones

Parameter

Agro-ecological zones

Arid and semi-arid
tropics and sub-tropics

Humid and sub-humid
tropics and sub-tropics

Temperate and
tropical highlands

Population (million head)

Cattle and buffaloes 515
Sheep and goat 810
Production (million tonnes)

Beef 1.7
Mutton 4.5
Pork 4.7
Poultry meat 4.2
Milk 177.2
Eggs 4.65

603 381
405 552
18.1 27.1
2.3 5.1
19.4 18.4
8.1 8.6
73.6 343.5
10.2 8.3

Note: Global averages 2001 to 2003.
Source: Own calculations.

gastrics in the tropics and subtropics has led to
production levels that are similar to that of tem-
perate regions. The situation is very different for
ruminant production, partly because of its land-
based nature; production and productivity are
much higher in the cooler climates. Small rumi-
nant production in the (semilarid (subltropics
is a notable exception, explained by the large
population and the relatively high productivity,
the latter being the result of the species’ fitness
under harsh and marginal conditions. The rela-
tively low productivity for milk in the more humid
tropics relates to the strong dominance of mixed
systems in these regions, where use of animals
for draught power and other uses such as trans-
port is still substantial.

Of all livestock species, poultry has the closest
distribution pattern to human populations (see
Map 16, Annex 1). This may seem surprising,
as poultry is predominantly raised in intensive
systems, but the reason is that intensive sys-
tems are widely spread. On a global average,
three birds are found per hectare of agriculture
land, with the highest concentrations found in
Western Europe (7.5 birds/ha), East and South-
east Asia (4.4) and North America (4.3). China

counts 6.9 birds per hectare of agriculture land.
When related to human population, the highest
poultry/person ratios are found in North America
(6.7 birds per person), followed by Latin America
at only 4.5 birds per person. This is consistent
with high poultry exports from these two regions
(see Table 14, Annex 2).

Historically, the distribution of pig populations
was closely related to that of humans. The high
concentration of the pig industry in specialized
regions has lead to strong subnational concen-
trations (see Map 17, Annex 1). The tendency
for pigs to be more concentrated than poultry
in areas with high animal densities is also illus-
trated in Figure 2.10. This trend may result from
the high environmental impact of pig production.
The other striking feature of pig distribution is
their relative absence from three regions (West
Asia and North Africa, sub-Saharan Africa and
South Asia) for cultural reasons - see Table 7,
Annex 2. On the other hand, the highest pig den-
sities in relation to agricultural land and human
population are recorded in Europe and Southeast
Asia.

Major cattle densities are found in India (with
an average of more than one head of cattle per
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Figure 2.10 Comparative distribution of pig
and poultry
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hectare of agriculture land), northeastern China
(mostly dairy), Northern Europe, Southern Brazil
and the East African Highlands (see Map 18,
Annex 1 and Table 8, Annex 2). Smaller con-
centrations are also found in the United States,
Central America and Southern China. Although
large concentrations are not recorded in Ocea-
nia, the region has more cattle than inhabitants,
especially in Australia where the cattle popula-
tion is about 50 percent greater than the human
population. Average stock per agricultural land
here is, however, among the lowest, in line with
the extensive nature of cattle production.

Small ruminants are uncommon in the Ameri-
cas, except for Uruguay and, to a lesser extent,
Mexico and Northern Brazil (see Map 19, Annex
1 and Table 9, Annex 2). In contrast, high densi-
ties are found in South Asia and Western Europe
(1.3 and 0.8 head per hectare of agricultural land
respectively), and there are local concentrations
in Australia, China, Northern Africa and African
dry lands. As in the case of cattle, sub-Saharan
Africa shows higher animal to human population
ratios than the world average, which is explained
by the heavy reliance on ruminants and the low
productivity of animals.
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Map 20 (Annex 1) shows global geographi-
cal trends of aggregated livestock distribution,
expressed in terms of livestock units. We observe
six major areas of livestock concentration: Cen-
tral and Eastern United States, Central America,
South Brazil and North Argentina, Western and
Central Europe, India and China. Four areas have
densely concentrated areas of a lesser extent:
Eastern Africa, South Africa, Australia and New
Zealand.

Recent distribution trends

Monogastrics expand faster than ruminants

The comparisons between two quantifications of
the world livestock productions systems study
by FAO, (1996) (averages for 1991-93 and for
2001-03) show that significant changes in
resource endowments have brought about
changes in the nature and extent of produc-
tion systems. Cattle stocks are slightly up on
the world level (5 percent), with a considerable
increase in stock numbers for sub-Saharan
Africa, Asia and Latin America. A strong drop in
animal numbers (almost 50 percent) occurred in
the Eastern European and CIS countries follow-
ing geopolitical changes and the collapse of the
Soviet Union.

World output rose by about 10 percent in
the period of observation, with very strong dif-
ferences at regional level. Cattle meat output
almost doubled in Asia. In sub-Saharan Africa
it increased by 30 percent, in Latin America by
40 percent, and in West Asia and North Africa
by about 20 percent, albeit from a lower abso-
lute level. The strongest cattle output increases
occurred in mixed systems in the humid zones.
At lower overall production levels (see Table 2.9
and 2.10) total meat production from small rumi-
nants increased by about 10 percent, although
the overall stock numbers for small ruminants
remained fairly constant for the two reference
periods. There were inter-regional shifts in dis-
tribution. Stock numbers increased considerably
in sub-Saharan Africa and Asia, and strongly
declined in Latin America, the OECD, and in
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particular in Eastern Europe and the CIS. The
increases occurred mainly in mixed humid sys-
tems. The changes in monogastric animal pro-
duction are more striking. Total pig meat output
(the highest meat output per species in 2002)
rose by 30 percent at world level, an increase
accounted for almost entirely by Asia. Most
regions showed increases in pig meat produc-
tion, although for Eastern Europe and the CIS
there was a drop of about 30 percent. Industrial
pig meat production grew at about 3 percent
per year. Strong increases also occurred in the
humid and temperate mixed irrigated systems.
The total production of poultry meat grew by
about 75 percent, the strongest expansion of all
livestock products. Regional differences were
pronounced, with an extremely strong expansion
in Asia (about 150 percent increase, with a yearly
growth rate of over 9 percent). The growth rates
were generally positive, between 2 and 10 per-
cent across regions, most of this resulting from
expansion of industrial systems. Global produc-
tion of table eggs grew by about 40 percent. Asia
more than doubled its egg production in the
period, to reach a share of about 50 percent of
world production. The landless livestock produc-
tion system grew by about 4 percent per year.

2.4.2 Geographical concentration

The industrialization of livestock production
occurs where economic growth is taking place
(see Chapter 1). Thus, new farming systems are
dominant in industrialized countries and coun-
tries with rapid economic growth. A characteristic
of such production systems is the segmentation
of production stages (feed production, animal
raising, slaughtering and processing) and the
location of each segment where operating costs
are minimized. In this process, animal farms tend
to concentrate geographically into clusters.

The trend of landless production systems
towards clustering is ongoing in developed as
well as developing economies. The analysis of
the pig and poultry populations at municipal
level in Brazil shows a more accentuated geo-

Figure 2.11 Changes in geographical
concentration of hens in Brazil

from 1992 to 2001

Hens (%, cumulative)

Area (%, cumulative)

— 1992 — 1998 — 2001

Source: Own calculations.

Figure 2.12 Changes in geographical
concentration of pigs in Brazil
from 1992 to 2001

Pig stocks (%, cumulative)

Area (%, cumulative)

— 1992 — 1998 — 2001

Source: Own calculations.

graphical concentration for hens than for pigs,
and an increasing concentration for both spe-
cies over the 1992 to 2001 period (see Figures
2.11 and 2.12]). In 1992, 5 percent of the total
country’'s area hosted 78 percent of the hen
population, rising to 85 percent of the population
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Figure 2.13 Changes in geographical
concentration of pigs in France
from 1989 to 2001
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in 2001. The corresponding figures for pigs over
the same period are 45 percent and 56 percent
respectively. A similar analysis conducted for
France and Thailand (see Figures 2.13 and 2.14)
showed concurring results.

Landless production systems

A two-step move: rural to urban, urban to sources
of feed

As developing countries industrialize, livestock
production generally relocates in two stages
(Gerber and Steinfeld, 2006). As soon as urban-
ization and economic growth translate rising
population into “bulk” demand for animal food
products, large-scale operators emerge. At the
initial stage, these are located close to towns and
cities. This occurs because livestock products

Pig farm Feed mill Slaughterhouse
(standing pig population) (tonnes per year) (head per day)
= 1000 = 10000 = 10
. 10 000 M 50000 | 100

. 100 000 . 100 000 . 1000

Source: Tran Thi Dan et al., (2003).

Map 2.1 Location of industrial pig sector in southern Viet Nam
(Dong Nai, Binh Duong, Ho Chi Minh city and Long An province)
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are among the most perishable products, and
their conservation/transport without chilling and
processing poses serious problems. Therefore,
as long as transport infrastructures remain
inadequate, livestock-derived foods have to be
produced in the vicinity of demand. Map 2.1 illus-
trates how the intensive pig sector has located
at the periphery of Ho Chi Minh City in Viet Nam.
Most feed mills, pig farms and slaughterhouses
are found within 40 km of the city centre.

In a second phase, transport infrastructure
and technology develop sufficiently to make it
technically and financially possible to keep live-
stock further away from demand centres. Live-
stock production then shifts away from urban
areas, driven by a series of factors such as
lower land and labour prices, access to feed,
lower environmental standards, tax incentives
and fewer disease problems. Following a simi-
lar trend, the poultry density in areas less than
100 km from Bangkok decreased between 1992
and 2000, with the largest decrease (40 percent)
in the areas close to the city (less than 50 km).
Poultry density increased in all areas further
than 100 km away (see Figure 2.14). In this par-
ticular case, the geographical shift was further
accelerated by tax incentives.

When pushed out of peri-urban areas, land-
less production systems tend to move closer to
feed resources so as to minimize transport costs
on the input side, since the feed used per head
is bulkier than the livestock produced. The shift
occurs either towards feed production areas (e.g.
the United States corn belt, Mato Grosso in Bra-
zil, Mexican El Bajio), or towards feed importing
and processing areas (e.g. Chachoengsao Prov-
ince of Thailand, Jeddah in Saudi Arabia).

In OECD countries, where industrialization of
the livestock sector began from 1950 on, clus-
ters formed in rural areas with surplus cereal
supply. Here, livestock were initially produced as
a means of diversification and value addition. In
Europe, pig and poultry production clusters of
this type include Brittany, the Po valley in Italy,
Western Denmark and Flanders. The geography

Figure 2.14 Changes in the peri-urban
concentration of poultry
from 1992 to 2000 in Thailand
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of these clusters was affected by the increasing
use of imported feed. Those with good connec-
tion to ports strengthened (e.g. Brittany, western
Denmark, Flanders) and new production areas
appeared in the vicinity of major ports (Lower
Saxony, Netherlands, Catalonia). Finally, a more
recent type of feed-related production cluster is
observed close to newly created feed process-
ing plants establishing comprehensive animal
production chains. Concentration close to feed
processing plants is observed in Brazil by analy-
sis of pig numbers and feedcrop production at
Municipio level in Brazil. From 1992 to 2001, part
of the pig population moved away from tradi-
tional feed production areas and concentrated
around major feed mills in Mato Grosso.

Disease control strategies may, however,
scatter production clusters. To limit the spread
of diseases, large farms tend to scatter away
from other large farms and small-scale units. A
distance of a few kilometres is sufficient to pre-
vent disease propagation. It is therefore probable
that this trend will prevent the concentration of
small- and large-scale farms, especially in peri-
urban settings, but will most probably not alter
the trend towards specialized areas, equipped
with feed mills, slaughterhouses and animal
health services.
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Land-based systems: towards intensified systems
Fodder is bulky and its transportation expensive.
Livestock raised in land-based systems are,
therefore, bound to feed resource production
areas. Previous sections have, however, shown
that pasture expansion is likely to be limited,
blocked on one side by lack of suitable land and
on the other by competition from land uses with
lower opportunity costs (e.g. agriculture, for-
estry, conservation).

As a result, pushed by an increasing demand
for beef and milk, part of the production shifts
from land based towards intensified systems,
such as feedlots and dairy plants (see Chapter
1], following the same geographical trend as
intensive monogastric production.

Land-based systems also tend to expand into
the remaining areas with good potential for pas-
ture or where there are no strong land use com-
petitors. These are predominantly found in Ocea-
nia and South America. Over 1983 to 2003, beef
and milk production grew by 136 percent and
196 percent respectively in Oceania, and by 163
percent and 184 percent respectively in South

Figure 2.15 Changes in geographical
concentration of cattle in Brazil
from 1992 to 2001
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Transporting chickens to poultry plant
near Magee - United States

America. For comparison, world production as a
whole increased by 124 percent for the two prod-
ucts over the same period (FAO, 2006b).

These overall trends are confirmed by local
analysis. Cattle numbers per Municipio in Brazil
in land-based livestock systems show a more
even geographical spread of cattle (see Figure
2.15) than was observed for stock in landless,
intensive systems. The expansion of pasture into
the Amazon is further described in land degra-
dation hotspots (Section 2.5 below).

2.4.3 Increasing reliance on transport
Trade and transport improvements increase
transport of livestock products
The transport of livestock sector commodities
has become increasingly economically afford-
able and technically possible. Technical changes
in transport, such as the development of infra-
structure, large-scale shipments of primary crop
production or consolidation of long-distance cold
chains, have played a determinant role in shap-
ing change in the livestock sector.
Developments in transport have made it pos-
sible to bridge the geographical gap between
urban demand for animal products and the land
resources for their production. Increased trade
and transport of animal products and feedstuff
are also fundamental factors in the industrializa-
tion of the livestock sector. Because they operate

© USDA/JOSEPH VALBUENA
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on a large scale, with considerable volumes of
inputs and outputs, landless industrial systems
intrinsically rely on transport for supply of inputs
(especially feed) and delivery of outputs. Fur-
thermore, the low private costs of transport
(which rarely factor in social and environmental
costs) have strongly influenced the location eco-
nomics of the various segments of the livestock
commodity chain, from feed production and feed
mill, to animal production, slaughtering and pro-
cessing. Since the transport cost of connecting
each segment is limited, other production costs
play a greater role in determining location. Such
parameters include cost of land, labour, ser-
vices, health control, tax regimes and strictness
of environmental policy. Although to a lesser
extent than landless industrial systems, land-
based production systems increasingly rely on
transport, as they shift closer to available land
resources and further away from consumption
centres.

Worldwide, most livestock are produced for
national consumption. However, animal prod-
ucts are increasingly traded, and a larger share
of the global production enters trade nowadays
than in the 1980s. The trend was particularly
dynamic for poultry meat, where the interna-
tionally traded share rose from 6.5 percent in
1981-83 to 13.1 percent in 2001-03. In 2001-03,
more than 12 percent of bovine meat, poultry

Table 2.12

Trade as a share of total production for selected
products

Product 1981-1983 2001-2003
average average

l. % ]

Bovine meat 9.4 13.0

Pig meat 5.2 8.2

Poultry meat 6.5 13.1

Milk equivalent 8.9 12.3

Soymeals' 24.3 25.4

T Soymeal trade over soybean production.
Source: FAO (2006b).

meat, and milk produced worldwide were traded,
and 8.2 percent of pig meat. All of these shares
were significantly up on the 1981-83 average.
Among feeds, trade in soymeal represented a
higher share of production (24-25 percent) over
the same periods, though showing little increase
(see Table 2.12). For feedgrains the traded share
of total production has also remained fairly con-
stant. Trade increases were fostered by a num-
ber of policy measures and agreements aimed
at easing international trade, including regional
trade agreements, harmonization of standards
and the inclusion of agriculture in the World
Trade Organization (WTO) mandate.

Feed trade: Americas dominate exports, China and
EU dominate imports

As livestock production grows and intensifies, it
depends less on locally available feed resources
and more on feed concentrates that are traded
domestically and internationally. Map 21 and 22
(Annex 1) display estimated spatial trends in feed
surplus/deficit for pig and poultry, providing evi-
dence of the sector’s high reliance on trade. Feed
trade and the related transfers of virtual water,
nutrients and energy is a determinant factor of
the sector’s environmental impacts. Statistics
on feedgrains are generally not separate from
overall grain trade flows. However, major trends
can be inferred from regional level trade flows,
as shown in Table 10 of Annex 2 for maize. North
and South America are the two regions with
significant interregional exports. The maize that
they export to Africa is predominantly used for
food, while a large share of exports to Asia, EU
and America supplies feed demand (Ke, 2004).
Asian maize demand, driven by the feed sector,
is predominantly supplied by North America,
although imports from South America increased
dramatically over the period. North America
also exported large volumes of maize to South
and Central America (2.8 and 9.2 million tonnes
respectively (2001 to 2003 average). Both flows
have increased strongly over the past 15 years.
On the other hand South America dominates
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the EU market. Contrasted country profiles and
strategies explain these trends. Exports from
North and South America are driven by coun-
tries (e.g. Argentina, Canada, United States) with
ample land resources and strong grain export
policies. On the other hand, China, which is a
major driver of Asian imports, compensates for
its land shortage with imports.

The comparison of grain resources and grain
requirements at the local level allow estimating
domestic trade (see Map 21, Annex 1), although
imports from international markets would most
probably supply part of the demand in deficit
areas.

About one-third of global soybean, soy oil and
soymeal production is traded (29.3, 34.4 and 37.4
percent respectively). This proportion is signifi-
cantly above that recorded for other agricultural
commodities. Soymeal and soybeans account for
35 and 50 percent of the total value of soy-based
trade, respectively (FAQ, 2004a). The widespread
consumption of soybeans is supplied by a few
major exporting countries to a large number
of importing countries (see Table 11 and Table
12, Annex 2 and Map 22, Annex 1). The United
States is the largest soybean exporter (29 million
tonnes), followed by Brazil (17 million tonnes).
Among the top seven producers, China is the
only one with decreasing exports over the period
(see Table 11, Annex 2). Indeed, over the past 10
to 20 years China has gone from being a soybean
exporter to being the world’s largest importer of
whole soybeans and a large importer of soymeal
- with one-third of its soymeal consumption sup-
plied by imports.

Countries import soybeans either raw, or pro-
cessed into soy oil and/or soymeal, depending
on domestic demand, which is also determined
by the structure of the local processing industry.
The United States exports about 35 percent of
its raw soybeans, before processing. In contrast,
Argentina and Brazil add value to most of their
crop, process about 80 to 85 percent of their
soybeans before export (Schnittker, 1997). For
soymeal, South America dominates interregion-
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al trade, with the EU as first client and Asia as
second (18.9 and 6.3 million tonnes respectively
in 2002). The United States has a lesser role in
soymeal interregional trade. In recent years, a
number of importing countries, especially in the
EU have shifted from the importation of soymeal
to purchases of beans, which reflects efforts to
promote processing at the local level. As a result,
about six million tonnes of soymeal produced in
the EU enter trade, mostly intraregional, but also
towards Eastern Europe. There is also interna-
tional trade in other fodder products, such as
processed alfalfa and compressed hay bales.
Exporting countries are predominantly Canada
and the United States. Japan is by far the largest
importer, followed by the Republic of Korea, and
Taiwan Province of China.

Animal and derived products trade increases
globally

Live animals and animal-derived products are
traded in smaller volumes than feed, because
of smaller demand volumes and greater private
costs of transport per unit. Nevertheless, the
growth of trade in animal products is outpacing
the growth of feed trade and of animal produc-
tion. This rapid growth is facilitated by weakening
tariff barriers within the context of GATT, and by
the preparation of codes and standards to regu-
late global trade. In parallel, the trend towards
increased demand for processed products by
households and catering further expanded the
transport of animal products.

Trade in poultry meat has overtaken trade in
beef over the past 15 years, with volume soaring
from about 2 million tonnes in 1987 to 9 million
tonnes in 2002, compared to beef's rise from
4.8 to 7.5 million tonnes over the same period.
Except for Eastern Europe, all analysed regions
became increasingly involved in trade (see Table
14, Annex 2). North America supplies about half
of the interregional market (2.8 million tonnes
per year on average, between 2001 and 2003},
followed by South America (1.7 million tonnes)
and the EU (900 000 tonnes). Brazil is the top
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exporting country. With relatively low feedgrain
and labour costs and increasingly larger econ-
omies of scale, Brazil's production costs for
whole eviscerated chicken are estimated to be
the lowest of any major supplier (USDA-FAS,
2004). On the importer side, the picture is more
diversified than for beef, with several regions
playing important roles. Asia ranks number one,
followed by the Baltic states and CIS, the EU,
sub-Saharan Africa and Central America. Impor-
tant and rapidly increasing regional level trade
is taking place in Asia and the EU, both regions
yielding local competitive advantages.

To assess transport of meat further, we cal-
culated balances between primary production
and demand for animal products at the local
level. The results for poultry meat are shown on
Map 23 (Annex 1). Production is similar to con-
sumption on a majority of grid cells. A balanced
situation (set as +/- 100 kg of meat per km?) is
generally found in land-based systems (compare
with Map 13, Annex 1). Areas of highly positive
balances (surplus) are associated with landless
industrial systems (Map 14, Annex 1), whereas
negative balances (deficit) usually coincide with
high population densities and urban areas. The
poultry exporting position of North and South
America shows up here as a dominance of
red (surplus) pixels in these two regions. The
same analysis conducted for pig meat (Map 24,
Annex 1) shows a similar coincidence of posi-
tive balances with industrial production areas.
However, poultry and pig meat differ in the
geographical spread of areas with negative and
positive balances. Production areas are gener-
ally more scattered among consumption areas
for poultry than for pigs. The three maps also
show important domestic trade.

Beef is predominantly exported from Oceania
and South America, taking advantage of their
land-based cattle production systems (Table 13,
Annex 2). North America is the main market for
Oceania (903 thousand tonnes per year on aver-
age, between 2001 and 2003}, but Asian imports
from Oceania have dramatically increased in

recent years (686 thousand tonnes per year on
average, between 2001 and 2003, a 173 percent
increase in 15 years). South American exports
go mainly to the EU (390 thousand tonnes per
year on average, between 2001 and 2003) and
Asia (270 thousand tonnes), both volumes having
roughly doubled over the past 15 years. The EU
and North America also make large contribu-
tions to global bovine meat supply, based on
more intensive production systems, especially
in the United States. Most of the EU’s trade is
within the EU region, although the EU also
supplied the Baltic states and CIS countries in
2002. North America predominantly supplies
Asia, which is by far the biggest beef importer
of all ten analysed regions, importing about
1.8 million tonnes of beef per year on average,
between 2001 and 2003 (see Table 13, Annex 2J.
Asian imports, driven by China, are also the most
dynamic, with a 114 percent increase over the
1987 to 2002 period. Asia responds to its soaring
demand through interregional trade, but also by
drawing upon a booming intraregional beef meat
market. Interregional trade is also building up in
Sub-Saharan Africa. Finally, Table 13 (Annex 2)
illustrates the collapse of Eastern Europe over
the period, with imports from North America,
sub-Saharan Africa and the Baltic States and
CIS that are close to zero. The estimated beef
balances (Map 25, Annex 1) display the need for
both domestic trade and international trade.

2.5 Hotspots of land degradation

As a major land user, the livestock sector has a
substantial influence on land degradation mech-
anisms in a context of increasing pressure on
land (see Box 2.3). With regard to land-based
systems, two areas pose the most serious prob-
lems. There is the ongoing process of degrada-
tion of pastures, particularly in the arid and
semi-arid environments of Africa and Asia, but
also in subhumid zones of Latin America. There
is also the issue of pasture expansion, and the
conversion of forest land into pastures, particu-
larly in Latin America.
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Landless industrial systems are disconnected
from the supporting land base. The separation of
production from resources often creates pollu-
tion and soil degradation problems, both at feed
production and animal operation levels. In paral-
lel, feedcrop expansion into natural ecosystems
creates land degradation.

In the following sections, we will review four
major mechanisms of land degradation related
to the livestock sector:

e expansion into natural ecosystems;

e rangeland degradation;

e contamination in peri-urban environments;

e pollution, soil degradation and productivity
losses in feedcrop production areas.

We will assess the geographical extent of these
problems, as well as their underlying biophysical
process. Impacts on the global environment will
simply be listed here. Implications on climate
change, water depletion and biodiversity erosion
will be further developed in later chapters.
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2.5.1 Pastures and feedcrops still
expanding into natural ecosystems
Crop and pasture expansion into natural eco-
systems has contributed to livestock production
growth, and will probably do soin the future under
the “business as usual” scenario. Whatever the
purpose, the destruction of natural habitats to
establish agricultural land use means direct and
significant biodiversity losses. The Millennium
Ecosystem Assessment (MEA) lists land-use
change as the leading cause of biodiversity loss
(MEA, 2005a). The destruction of vegetative cover
also leads to carbon release, fuelling climate
change. In addition, deforestation affects water
cycles, reducing infiltration and storage and
increasing runoff by the removal of canopies and
leaf litter, and through the reduced infiltration
capacity of the soil as a result of reduced humus
content (Ward and Robinson, 2000).

In OECD countries, the decision to plant soy-
beans or grain does not usually mean clearing
natural habitat. Producers merely make a choice

Illegal deforestation for soybean production in Novo Progresso, State of Para - Brazil 2004
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Box 2.3 Ecological footprint

To measure humanity’s pressure on land and
increasing competition for scarce resource, the
Global Footprint Network defined an indicator
called the ecological footprint. The ecological foot-
print measures how much land and water area
a particular human population requires to pro-
duce the resources it consumes and to absorb its
wastes, taking into account prevailing technology
(Global Footprint Network). This indicator allows
us to compare the use of resources with their avail-
ability. The Global Footprint Network estimates
that global demand for land overtook global sup-
ply by the end of the 1980s. It is further estimated

that humanity’s ecological footprint is currently 20
percent larger than the entire planet can sustain. In
other words, it would take one year and two months
for the earth to regenerate the resources used by
humanity in a single year.

Livestock-related activities contribute signifi-
cantly to the ecological footprint, directly through
land use for pasture and cropping, and also indi-
rectly through the area needed to absorb CO; emis-
sions (from fossil fuel use in livestock production)
and ocean fisheries (related to fishmeal production

for feed).

2.50

Figure 2.16 Ecological footprint per person, by component

Global hectares/person

1961 1966 1971 1976
M Crops M Forests
M Pasture Fuelwood

1981 1986 1991 1996 2001

Source: Global Footprint network (available at http://www.footprintnetwork.org).

M Built-up land
W Fisheries

W CO, absorption

Nuclear area
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between a number of crops, within an agricul-
tural area that remains roughly stable. In many
tropical countries, however, the cultivation of
crops is often driving the process of converting
extended areas of natural habitat to agriculture.
This is the case in much of tropical Latin Ameri-
ca, sub-Saharan Africa and Southeast Asia. Soy-
beans in particular are a driving force. Between
1994 and 2004, land area devoted to growing soy-
beans in Latin America more than doubled to 39
million ha, making it the largest area for a single
crop, far above maize, which ranks second at
28 million hectares (FAO, 2006b). In 1996, there
were only 1800 hectares of soybeans in Rondo-
nia in the western Amazon, but the area planted
increased to 14 000 hectares in 1999. In the east-
ern Amazon in the state of Maranhao the area
planted with soybeans increased from 89 100 to
140 000 hectares between 1996 and 1999 (Fearn-
side, 2001). The demand for feed, combined with
other factors, has triggered increased produc-
tion and exports of feed from countries like Bra-
zil where land is relatively abundant.

The land area used for extensive grazing in the
neotropics has increased continuously over the
past decades and most of this has been at the
expense of forests. Ranching-induced defores-
tation is one of the main causes of loss of unique
plant and animal species in the tropical rainfor-
ests of Central America and South America as
well as of carbon release into the atmosphere.
Livestock production is projected to be the
main land use replacing forest in the neotropics
after clearing. Indeed, Wassenaar and col-
leagues (Wassenaar et al.,, 20064) estimate that
the expansion of pasture into forest is greater
than that of cropland. For South America, Map
33B (Annex 1) indicates deforestation hotspots
and areas with a more diffuse deforestation
pattern. The full ecological and environmental
consequences of such deforestation processes
are not yet fully understood and deserve greater
attention from the scientific community. This is a
particularly acute issue, since the major poten-
tial for pasture expansion exists predominantly
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in areas currently under humid and subhumid
forest. There is little evidence of the livestock
sector being a major factor in deforestation in
tropical Africa. Timber harvesting and fire seem
to be the two main processes leading to defor-
estation. Cases of farming replacing forest are
predominantly due to small-scale cropping, or to
using secondary forest and scrub land for wood
harvesting.

Main global environment concerns associated
with feedcrop and pasture expansion into natu-
ral ecosystems include climate change, through
biomass oxidation and carbon release into the
atmosphere; water resources depletion through
disruption of water cycles and; biodiversity ero-
sion through habitat destruction. These issues
will be reviewed in Chapter 3, 4 and 5, respec-
tively.

2.5.2 Rangeland degradation:
desertification and vegetation changes
Pasture degradation related to overgrazing by
livestock is a frequent and well studied issue.
Pasture degradation can potentially take place
under all climates and farming systems, and
is generally related to a mismatch between
livestock density and the capacity of the pasture
to be grazed and trampled. Mismanagement is
common. Ideally the land/livestock ratio should
be continuously adjusted to the conditions of
the pasture, especially in dry climates where
biomass production is erratic, yet such adjust-
ment is rarely practiced. This is particularly the
case in the arid and semi-arid communal graz-
ing areas of the Sahel and Central Asia. In these
areas, increasing population and encroachment
of arable farming on grazing lands, have severely
restricted the mobility and flexibility of the herds,
which enabled this adjustment. Pasture degrada-
tion results in a series of environment problems,
including soil erosion, degradation of vegetation,
carbon release from organic matter decomposi-
tion, loss of biodiversity owing to habitat changes
and impaired water cycles.
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Concentrated “hoof action” by livestock
- in areas such as stream banks, trails, water-
ing points, salting and feeding sites - causes
compaction of wet soils (whether vegetated or
exposed) and mechanically disrupts dry and
exposed soils. The effects of trampling depend
on soil texture - soils with greater fractions of silt
and clay are more easily compacted than sandy
soils. Compacted and/or impermeable soils can
have decreased infiltration rates, and therefore
increased volume and velocity of runoff. Soils
loosened by livestock during the dry season are
a source of sediments at the beginning of the
new rainy season. In riparian areas the desta-
bilization of streambanks by livestock activities
contributes locally to a high discharge of eroded
material. Furthermore, livestock can overgraze
vegetation, disrupting its role of trapping and
stabilizing soil, and aggravating erosion and pol-
lution. Ruminant species have distinct grazing
habits and thus different aptitude to cause over-
grazing. For instance, goats being able to graze
residual biomass and ligneous species have also
the greatest capacity to sap grasslands’ resil-
ience. (Mwendera and Mohamed Saleem, 1997;
Sundquist, 2003; Redmon, 1999; Engels, 2001;
Folliott, 2001; Bellows, 2001; Mosley et al., 1997;
Clark Conservation District, 2004).

Asner et al. (2004) suggest three types of
ecosystem degradation syndromes related to
grazing:

e desertification (in arid climates);

e increased woody plant cover in semi-arid,
subtropical rangelands; and

 deforestation (in humid climates).

The role of livestock in the deforestation pro-
cess has been reviewed in Section 2.1 above.
Asner and colleagues describe three major ele-
ments of desertification: increased bare soil
surface area; decreased cover of herbaceous
species; and increased cover of woody shrubs
and shrub clusters.

The overarching pattern is one of increased
spatial heterogeneity of vegetation cover and of

soil conditions (e.g. organic matter, nutrients,
soil moisture].

Woody encroachment has been well docu-
mented in semi-arid, subtropical rangelands of
the world. There are hotspots in North and South
America, Africa, Australia and elsewhere, where
woody vegetation cover has increased signifi-
cantly during the past few decades. Among the
causes are overgrazing of herbaceous species,
suppression of fires, atmospheric CO, enrich-
ment and nitrogen deposition (Asner et al., 2004;
van Auken, 2000; Archer, Schimel and Holland,
1995).

The extent of grassland degradation in arid
and semi-arid climates is a serious source of
concern and debate, as its quantification is com-
plex. There is a lack of reliable and easily mea-
surable land quality indicators, ecosystems also
fluctuate, and the annual vegetation of these arid
areas has shown to be highly resilient. For exam-
ple, after a decade of desertification in the Sahel,
there is now evidence of increasing seasonal
greenness over large areas for the period 1982
to 2003. While rainfall emerges as the dominant
causative factor for the increase in vegetation
greenness, there is evidence of another caus-
ative factor, hypothetically a human-induced
change superimposed on the climate trend. The
notion of human induced irreversible degrada-
tion of the Sahelian rangelands is thus chal-
lenged (Herrmann, Anyamba and Tucker, 2005).
On the other hand, desert is rapidly gaining on
pasture in northwestern China (Yang et al., 2005).
Diverse estimates exist for the extent of deserti-
fication. According to the Global Assessment of
Human and Induced Soil Degradation methodol-
ogy, the land area affected by desertification is
1.1 billion ha, which is similar to UNEP estimates
(UNEP, 1997). According to UNEP (1991), when
rangelands with degraded vegetation are added
(2.6 billion ha), the share of dry lands that are
degraded is 69.5 percent. According to Oldeman
and Van Lynden (1998), the degraded areas for
light, moderate and severe degradation are 4.9,
5.0 and 1.4 billion hectares, respectively. How-
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Soil erosion in the Solo River basin - Indonesia 1971

ever, these studies do not take into account of
vegetation degradation. Map 27 (Annex 1) shows
the location of grasslands established on weak
soils in harsh climates, which face significant
risks of degradation if ill-managed.

In addition, there is the risk of pasture deg-
radation in humid to temperate climates. When
stocking rates are too high, the removal of
nutrients (especially nitrogen and phosphorus)
via livestock products and via soil degradation
processes may be higher than the inputs, and
soils are “mined”. In the long run, this results
in pasture degradation, evidenced by productiv-
ity decline (Bouman, Plant and Nieuwenhuyse,
1999). With decreasing soil fertility, weeds and
undesired grass species compete more strongly
for light and nutrients. More herbicides and
manual labour are needed to control them,
which has a negative impact on biodiversity and
on farmers’ income (Myers and Robbins, 1991).
Pasture degradation is a widespread issue: half
of the 9 million hectares of pasture in Central
America is estimated to be degraded (Szott et
al., 2000). Pasture degradation can be even more
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acute locally. For example Jansen et al. (1997)
estimated that over 70 percent of the pastures

in the Northern Atlantic zone of Costa Rica are
in an advanced stage of degradation, with over-
grazing and lack of sufficient N input identified
as principal causes.

Main global environment concerns associ-
ated with rangeland degradation include cli-
mate change, through soil organic matter oxida-
tion and carbon release into the atmosphere;
water resources depletion through reduction
of groundwater replenishment and biodiver-
sity erosion, through habitat destruction. These
issues will be further assessed in Chapter 3, 4
and 5, respectively.

2.5.3 Contamination in peri-urban
environments

The ongoing geographical concentration of live-
stock production systems was described previ-
ously, first in peri-urban settings, then close
to feed production and processing. In parallel,
animal-derived food processing also locates in
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peri-urban areas, where the costs of transport,
water, energy and services are minimized. The
geographical concentration of livestock, in areas
with little or no agricultural land, leads to high
impacts on the environment (water, soil, air
and biodiversity), mainly related to manure and
waste water mismanagement. Nutrient over-
loads can result from several forms of misman-
agement, including overfertilization of crops,
overfeeding of fish ponds and improper waste
disposal of agricultural (e.g. livestock] or agro-
industrial wastes. Nutrient overloads coming
from crop-livestock systems mainly occur when
the nutrients present in manure are not properly
removed or recycled. The major effects of animal
waste mismanagement on the environment have
been summarized by Menzi (2001) as follows:

e Eutrophication of surface water [(deterio-
rating water quality, algae growth, dam-
age to fish, etc.) owing to input of organic
substances and nutrients when excreta or
wastewater from livestock production get
into streams through discharge, runoff or
overflow of lagoons. Surface water pollution
threatens aquatic ecosystems and the quality
of drinking-water taken from streams. Nitro-
gen and phosphorus are both nutrients often
associated with accelerated eutrophication
of surface water (Correll, 1999; Zhang et al,
2003). However, phosphorus is often the lim-
iting factor to the development of blue-green
algae, which are able to utilize atmospheric
N,. Therefore, phosphorus management is
often identified as a key strategy to limit sur-
face water eutrophication from agricultural
sources (Mainstone and Parr, 2002; Daniel et
al., 1994).

e Leaching of nitrate and possible transfer of
pathogens to groundwater from manure-
storage facilities or from fields on which high
doses of manure have been applied. Nitrate
leaching and pathogen transfer are particular
threats for drinking water quality.

e Excess accumulation of nutrients in the soil
when high doses of manure are applied. This

can threaten soil fertility owing to unbalanced
or even noxious nutrient concentrations.

¢ Natural areas such as wetlands and man-
grove swamps are directly impacted by water
pollution often leading to biodiversity losses.

Results from LEAD studies show that in most
Asian contexts, the recycling of animal manure
on crops or in fish ponds (including sanitation
costs) is a less expensive option than manure
treatment as nutrients are removed using bio-
chemical processes (Livestock waste manage-
ment in East Asia project - LWMEA] (see Box 2.4).
When production or processing units are located
in peri-urban settings, far from crops and fish-
ponds (see Figure 2.17), high transport costs
make recycling practices financially unprofitable.
Production units also often face high land prices
and therefore tend to avoid building adequately
sized treatment facilities. The result is often a
direct discharge of animal manure into urban
waterways, with dramatic consequences on their
nutrient, drug and hormone residues and organ-
ic matter load. Manure products with high value
(e.g. chicken litter, cattle dung) are, however,
often marketed out of the peri-urban area.

There are also a number of animal diseases
that are associated with increasing intensity of
production and concentration of animals in a
limited space. Many of these zoonotic diseases
pose a threat to human health. Industrial and
intensive forms of animal production may be a

© FAO

Farms in Prune - India, situated in proximity to
apartment buildings
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Figure 2.17 Spatial distribution of humans, livestock and feed crops around Bangkok, 2001
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breeding ground for emerging diseases (Nipah
virus, BSE], with public health consequences.
Intra- and interspecies contamination risks are
especially high in the peri-urban environment
where high densities of humans and livestock
coincide (see Figure 2.17).

As a result of economies of scale, indus-
trial livestock production generates substantially
lower income per unit of output than smallhold-
er farms and benefits go to fewer producers.
Furthermore, economic returns and spillover
effects occur in the, generally, already better-off
urban areas. The shift towards such production
has thus, on balance, a largely negative effect on
rural development (de Haan et al., 2001).

Main global environment concerns associated
with contamination in peri-urban environments
include climate change through gaseous emis-
sions from animal waste management, water
resources depletion through pollution of sur-
face and groundwater, and biodiversity erosion
through water and soil pollution. These issues
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will be further assessed in Chapter 3, 4 and 5,
respectively.

2.5.4 Intensive feedcrop agriculture

Cropyield improvement from intensification often

has substantial environmental costs (Pingali and

Heisey,1999; Tilman et al, 2001). Agricultural

intensification can have negative consequences

at various levels:

e local: increased erosion, lower soil fertility,
and reduced biodiversity;

e regional: pollution of ground water and eutro-
phication of rivers and lakes; and

e global: impacts on atmospheric constituents,
climate and ocean waters.

Biological consequences at the

agro-ecosystem level

A key aspect of intensive agriculture is the
high specialization of production, often leading
to monoculture with tight control of unwanted
“weed” species. The reduced diversity of the
plant community affects the pest complex as
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Box 2.4 Livestock waste management in East Asia

Nowhere have the rapid growth of livestock produc-
tion, and its impact on the environment, been more
evident than in parts of Asia. During the decade
of the 1990s alone, production of pigs and poultry
almost doubled in China, Thailand and Viet Nam.
By 2001, these three countries alone accounted for
more than half the pigs and one-third of the chick-
ens in the entire world.

Not surprisingly, these same countries have also
experienced rapid increases in pollution associated
with concentrations of intensive livestock produc-
tion. Pig and poultry operations concentrated in
coastal areas of China, Viet Nam and Thailand are
emerging as the major source of nutrient pollution
of the South China Sea. Along much of the densely
populated coast, the pig density exceeds 100 ani-
mals per km? and agricultural lands are over-
loaded with huge nutrient surpluses (see Map 4.1,
Chapter 4). Run-off is severely degrading seawater
and sediment quality in one of the world’s most
biologically diverse shallow-water marine areas,
causing “red tides” and threatening fragile coastal,
marine habitats including mangroves, coral reefs
and sea grasses.

The related booms in production and pollution
have kindled plans for one of the most comprehen-
sive efforts to forge an effective policy response
- the Livestock Waste Management in East Asia
Project (LWMEAP) - which has been prepared
with the governments of China, Thailand and Viet
Nam by FAO and the inter-institutional Livestock,
Environment and Development Initiative (LEAD
- www.lead.virtualcentre.org), under a grant

from The Global Environment Facility. The project

well as soil invertebrates and micro-organisms,
which in turn affects plant growth and health.
The low diversity of monocultural agricultural
systems typically results in greater crop losses
from insect pests that are less diverse but more
abundant (Tonhasca and Byrne, 1994; Matson et

addresses environmental threats by developing
policies to balance the location of livestock produc-
tion operations with land resources and to encour-
age the use of manure and other nutrients by crop
farmers. It will also set up pilot farms to demon-
strate good manure management techniques.

Pollutants from all three countries threaten the
South China Sea. But the nature of livestock opera-
tions differs markedly among the countries. In
Thailand, three-quarters of pigs are now produced
on large, industrial farms with more than 500 ani-
mals. In Viet Nam, on the other hand, very small
producers with just three or four pigs account for
95 percent of production. While half of the pigs in
Guangdong are still produced in operations with
fewer than 100 animals, large-scale industrial
operations are growing rapidly. Almost one-quarter
of the pigs in Guangdong are produced on farms
with more than 3 000 animals.

The LWMEAP project outlines policies at both
the national and local levels. At the national level,
the project stresses the need for inter-agency
cooperation to develop effective and realistic regu-
lations on environmental monitoring and manure
management and to undertake spatial planning for
the location of future livestock development to cre-
ate the conditions for better recycling of effluents.
As a key tool for shaping and implementing policy
at the local level, LWMEAP provides support to the
development of codes of practice adapted to the

specific contexts.

Source: FAO (2004d).

al., 1997). The immediate reaction is to increase
pesticide applications. As a result, pesticide
diffusion along wildlife food chains and pesti-
cide resistance has become an acute problem
worldwide.

The effects of monoculture on the soil biotic
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community are less evident, as is effect of these
changes on agro-ecosystems. Studies of key
organisms however show that reduction in diver-
sity of soil biota under agricultural practice may
substantially alter the decomposition process
and nutrient availability in the soil (Matson et
al,, 1999).

Changes in natural resources

Organic matter is a critical component of soils. It
provides the substrate for nutrient release, and
plays a critical role in soil structure, increasing
water holding capacity and reducing erosion. For
intensive cropland in temperate zone agricul-
ture, soil organic matter losses are most rapid
during the first 25 years of cultivation, with typi-
cal losses of 50 percent of the original C. In tropi-
cal soils, however, such losses may occur within
five years after conversion (Matson et al.,, 1999).
In addition to local impacts, the large amounts of
CO, released in decomposition of organic matter
greatly contribute to climate change.

Increasing yields also require more water. Irri-
gated land expanded at the rate of 2 percent per
year between 1961 and 1991, and at 1 percent
per year during the past decade (FAO, 2006b
- see Table 1, Annex 2). This trend has dramatic
consequences on the water resources. Over-
pumping is a serious concern in many regions,
especially where feedcrop species are culti-
vated outside their suitable agro-ecozone (e.g.
maize in most parts of Europe), and the use of
non-renewable water resources (fossil water) is
frequent. Irrigation often takes place in a context
of water scarcity, and this is expected to worsen
as competition for withdrawals increases with
human population growth, development and cli-
mate change.

Habitat deterioration

Intensification of agricultural production has
been accompanied by large increases in global
nitrogen (N] and phosphorus [P] fertilization.
Chemical fertilizer consumption grew at 4.6 per-
cent per year over the 1961 to 1991 period,
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though it stabilized thereafter (FAO, 2006b - see
Table 1, Annex 2). The stabilization of fertilizer
consumption at the global level results from the
balance of consumption, increasing in devel-
oping countries and decreasing in developed
countries.

The uptake of fertilizer nutrients by crops is
limited. A significant share of P is carried away
by runoff, while Matson et al. (1999) estimate
that about 40 to 60 percent of the N that is
applied to crops is left in the soil or lost by leach-
ing. The leaching of nitrate from soils to water
systems leads to increased concentrations in
drinking water and contamination of ground and
surface water systems, which threaten human
health and natural ecosystems. In particular,
eutrophication of waterways and coastal areas
kills aquatic organisms and eventually causes
biodiversity losses.

N fertilization, both chemical and organic, also
leads to increased emissions of gases such as
nitrogen oxides (NO,J, nitrous oxide (N,0) and
ammonia (NH3). Klimont (2001) found that emis-
sions of ammonia in China increased from 9.7
Tg in 1990 to 11.7 Tg in 1995 and are projected
to rise to nearly 20 Tg NH3 in 2030. The largest
single source of emissions is the use of urea and
ammonium bicarbonate - the key fertilizers in
China.

Nitrogen oxide and ammonia may be trans-
ported and deposited to downwind ecosystems.
This deposition can lead to soil acidification,
eutrophication of natural ecosystems and shifts
in species diversity, with effects on predator and
parasite systems (Galloway et al.,1995). N depo-
sition, mostly related to agriculture, is expected
to increase dramatically over coming decades.
The emission of nitrous oxides also impacts
global climate, contributing to global warming
- indeed the global warming potential of N,0 is
310 times greater than for carbon dioxide.

Finally, intensive agriculture land use impacts
wildlife habitats. Monoculture areas offer little
food or shelter to wildlife. Wild fauna is thus
mostly absent from such intensive cropland.
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Soil erosion is regarded as one of the most impor-
tant environmental problems in the United States.
In the last 200 years, the United States has probably
lost at least one-third of its topsoil (Barrow, 1991).
Although erosion rates declined between 1991 and
2000, average erosion rates in 2001, at 12.5 tonnes
per hectare per year (see Table 2.13), were still
above the established sustainable soil loss rate of
11 tonnes per hectare per year (Barrow, 1991).

The rate and severity of erosion is site specific
and depends largely on local conditions and soil
types. However, the link with livestock production
is compelling. About 7 percent of the agricultural
land (2001) in the United States is devoted to the
production of animal feed. Livestock production
can be said to be directly or indirectly responsible
for a significant proportion of the soil erosion in
the United States. A careful assessment of erosion
on crop and pasture lands suggests that livestock
are the major contributor to soil erosion on agri-
cultural lands, accounting for 55 percent of the
total soil mass eroded every year (Table 2.13). Of
this eroded mass, around 40 percent will end up
in water resources. The rest will be deposited on
other land sites.

Nevertheless considering the major importance
of the role of agriculture land in water contamina-
tion by sediments in the United States, we can rea-
sonably assume that livestock production systems
are the major source of sediment contamination of

freshwater resources.

Box 2.5 Livestock production systems and erosion in the United States

Table 2.13

Contribution of livestock to soil erosion on
agricultural lands in the United States

Erosion on cropped land

Total erosion on cropped land

[million tonnes/year) 1620.8
Average water and
wind cumulated erosion rate (tonnes/ha/year] 12.5

Total arable land for feed production (million ha) 51.6

Total erosion associated with feed production
on cropped land (million tonnes/year) 648.3

As percentage of total erosion on cropped land 40
Erosion on pastureland

Average water and
wind cumulated erosion rate (tonnes/ha/year) 2

Total pastureland [million ha) 234

Total erosion on pastureland
[million tonnes/year) 524.2

Erosion on agricultural land (crop and pasture)

Total erosion from Agricultural land

(million tonnes/year) 2145.0
Total erosion associated with
livestock production /million tonnes/year) 1172.5

As percentage of total erosion on agricultural land 55

Source: USDA/NASS (2001); FAO (2006b).

Furthermore, intensively cropped parcels often
represent a barrier to wildlife movements, lead-
ing to ecosystem fragmentation. As a conse-
quence, Pingali and Heisey (1999) suggest that
meeting the long-term demand requirements
for food, and in particular cereals will require
more than a shift in the yield frontier. It will also
require fundamental changes in the way fertil-
izers and pesticides are used and soil is man-

aged. To sustain cereal productivity growth while
conserving the resource base demands that pro-
duction increases should be achieved with less
than proportionate increases in chemical inputs.
Recent advances in fertilizer and pesticide for-
mulae, as well as in technology and techniques
for their efficient use, may help in meeting these
objectives (Pingali and Heisey, 1999).
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Soil erosion

Erosion rates greatly vary depending on local

conditions and it is often difficult to compare

local data. Erosion rates are influenced by sev-
eral factors including soil structure, landscape
morphology, vegetation cover, rainfall and wind
levels, land use and land management includ-
ing method, timing and frequency of cultivation

(Stoate et al., 2001) (see Box 2.5). As the worst

erosion is usually caused by runoff water, ero-

sion tends to increase as infiltration decreases.

Any activity that modifies significantly the infil-

tration process has an impact on the erosion

process.

Croplands, especially under intensive agri-
culture, are generally more prone to erosion
than other land uses. Major factors that contrib-
ute to increased erosion rates within croplands
include:

e removal of the natural vegetation that binds
the soil, protects it from the wind and improves
infiltration;

e inappropriate cultivation practices;

e the mechanical impact of heavy agricultural
machines; and

e depletion of the natural soil fertility.

Barrow (1991) reviewed the magnitude of ero-
sion from cropland in various countries. As the
methodologies used for assessing the erosion
process are not standardized it is difficult to
compare the different measures. He noted that
erosion levels can be extremely severe in some
cases resulting in the loss of more than 500
tonnes of soil per hectare per year (observed in
Ecuador and Céte d’lvoire). As a reference, a loss
of 50 tonnes per hectare per year amounts to a
loss of depth of about 3 mm/yr off a soil profile.
This is enough to affect agriculture in quite a
short time if the top soil is shallow. There is little
agreement in the literature on permissible rates
of erosion but erosion levels of 0.1 to 0.2 mm per
year are often considered as acceptable (Barrow,
1991).
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Main global environment concerns associated
with intensive feedcrop agriculture include cli-
mate change, through gaseous emissions from
fertilizer applications and the decomposition of
organic matter in the soil, depletion of water
resources through pollution and withdraw-
als, and erosion of biodiversity through habitat
destruction and water and soil pollution. These
issues will be reviewed in Chapter 3, 4 and 5,
respectively.

2.6 Conclusions

Today, the livestock sector is a major land user,
spanning more than 3.9 billion hectares, repre-
senting about 30 percent of the world's surface
land area. The intensity with which the sector
uses land is however extremely variable. Of
the 3.9 billion hectares, 0.5 are crops, gener-
ally intensively managed (Section 2.3); 1.4 are
pasture with relatively high productivity and;
the remaining 2.0 billion hectares are extensive
pastures with relatively low productivity (Table
4, Annex 2. The sector is the first agricultural
land user, accounting for about 78 percent of
agricultural land and as much as 33 percent
of the cropland. Despite the fact that intensive,
“landless” systems have been responsible for
most of the sector’s growth, the influence the
sector has on the cropland is still substantial,
and environmental issues associated to livestock
production could not be comprehensively appre-
hended without including the crop sector in our
analysis.

As the livestock sector develops, however,
its land-size requirements grow and the sector
undergoes a geographical transition involving
changes in land-use intensity and geographical
distribution patterns.

Intensification slows the spread of livestock-
related land use

The first aspect of this transition is land-use
intensification. It relates to feed supply, the main
purpose for which the sector uses land (either
directly as pasture or indirectly as feedcrops).
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Feedcrops and cultivated pastures intensify in
areas with developed transport infrastructure,
strong institutions and high agro-ecological suit-
ability. Figure 2.18 shows the marked difference
in growth rates between the global areas dedi-
cated to pasture and feed production, compared
to the meat and milk outputs of the sector. This
increasing productivity is the consequence of
strong intensification of the sector on a global
scale. The shift from ruminant species to mono-
gastric species fed on improved diets plays a
critical role in this process.

The growth in demand for livestock products
will probably still play a dominant role over the
next decades and lead to a net increase in the
area dedicated to livestock, despite the intensi-
fication trend. Extensive pastures and feedcrop
production will expand into natural habitats with
low opportunity cost. It is, however, likely that
the bulk of pasture and feedcrop spread has
already occurred, and that the intensification
process will soon overcome the trend for area
expansion, leading to an eventual net decrease
in the area under pasture and feedcrops.

There are regional variations to these global

trends. In the EU (Figure 2.19) and more gener-
ally in OECD countries, the growth of meat and
milk production happened at the same time
as a reduction in the area dedicated to pasture
and feedcrops. This was predominantly achieved
through improved feed-conversion ratios, but
part of the reduction in local feedcrop area was
also compensated by feed imports, in particular
from South America. Indeed, the comparable
trends in South America (Figure 2.20) show a
relatively stronger growth of feedcrop areas.
Rapid development of a regional intensive live-
stock sector fuelled the feed production industry
but exports were responsible for extra growth.
Feedcrops grew especially rapidly in the 1970s
and late 1990s, when first developed countries
and then developing countries engaged in live-
stock industrialization and started importing
protein feed.

This is for example currently under way in
East and Southeast Asia (Figure 2.21), where
production has grown dramatically faster than
the area under feedcrops and pasture (which has
remained stable). This difference in growth rates
has been achieved by importing feed resources,

Figure 2.18 Global trends in land-use area
for livestock production and
total production of meat and milk
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Figure 2.19 Trends in land-use area for
livestock production and local
supply of meat and milk - EU-15
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Figure 2.20 Trends in land-use area for
I livestock production and local
supply of meat and milk -
South America
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Figure 2.21 Trends in land-use area for
I livestock production and local
supply of meat and milk - East and
Southeast Asia (excluding China)
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and also through a rapid intensification of the
livestock industry involving breed improvement,
improved animal husbandry and a shift to poultry
(the methodology developed to estimate land use
by livestock, as well as complementary results
are presented in Annex 3.1).
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Production shifts to areas of feed resources or
lower costs

The second feature of livestock’'s geographical
transition lies in the changing spatial distribution
of production. Production and consumption no
longer coincide, as most consumption is located
in urban centres, far from the feed resources.
The livestock sector has adapted to this new
configuration by splitting up the commodity
chain and locating each specialized production
or processing segment where production costs
are minimized. With the development of trans-
port infrastructure, shipment of animal products
is becoming relatively cheap in comparison with
other production costs. The trend towards more
processed foods further contributes to reducing
transport costs. Livestock production, therefore,
moves closer to feed resources, or to places
where the policy context (tax regime, labour
standards, environmental standards), as well as
access to services or disease conditions, mini-
mize production costs. In essence, livestock are
thus moving from a “default land user” strategy
(i.e. as the only way to harness biomass from
marginal lands, residues and interstitial areas)
to an “active land user” strategy [i.e. competing
with other sectors for the establishment of feed-
crops, intensive pasture and production units).

Paying the environmental price

This process leads to efficiency gains in the use of
resources. However, it usually develops within a
context of environmental and social externalities
that are mostly not addressed, and inadequate
pricing of resources on the basis of private rath-
er than social costs. As a consequence, changes
in livestock geography are associated with sub-
stantial environmental impacts. For example,
the private costs of transport are distortedly low
and do not reflect social costs. The expansion
and intensification of crop agriculture is associ-
ated with profound land degradation problems.
The continuous expansion of agriculture into
natural ecosystems causes climate change and
biodiversity loss. The disconnection of livestock
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production from its feed base creates inadequate
conditions for good waste management prac-
tices, which often cause soil and water pollution
as well as greenhouse gas emissions.

On current trends, the ecological footprint
of the livestock sector will increase because of
expansion of land use and land degradation.
Confronting the global environmental challenges
of land use will require assessing and manag-

ing the inherent trade-offs between meeting
the current demand for animal-derived foods,
and maintaining the capacity of ecosystems to
provide goods and services in the future (Foley
et al, 2005). Ultimately, reaching a sustainable
balance will require adequate pricing of natural
resources, the internalization of externalities
and the preservation of key ecosystems.
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3.1 Issues and trends

The atmosphere is fundamental to life on earth.
Besides providing the air we breathe it requlates
temperature, distributes water, it is a part of
key processes such as the carbon, nitrogen and
oxygen cycles, and it protects life from harmful
radiation. These functions are orchestrated, in a
fragile dynamic equilibrium, by a complex phys-
ics and chemistry. There is increasing evidence
that human activity is altering the mechanisms
of the atmosphere.

In the following sections, we will focus on the
anthropogenic processes of climate change and
air pollution and the role of livestock in those
processes [(excluding the ozone hole). The con-

tribution of the livestock sector as a whole to
these processes is not well known. At virtually
each step of the livestock production process
substances contributing to climate change or air
pollution, are emitted into the atmosphere, or
their sequestration in other reservoirs is ham-
pered. Such changes are either the direct effect
of livestock rearing, or indirect contributions
from other steps on the long road that ends with
the marketed animal product. We will analyse
the most important processes in their order in
the food chain, concluding with an assessment
of their cumulative effect. Subsequently a num-
ber of options are presented for mitigating the
impacts.
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Climate change: trends and prospects
Anthropogenic climate change has recently
become a well established fact and the result-
ing impact on the environment is already being
observed. The greenhouse effect is a key mech-
anism of temperature regulation. Without it,
the average temperature of the earth’s surface
would not be 15°C but -6°C. The earth returns
energy received from the sun back to space by
reflection of light and by emission of heat. A part
of the heat flow is absorbed by so-called green-
house gases, trapping it in the atmosphere.
The principal greenhouse gases involved in this
process include carbon dioxide (CO,), methane
(CH,) nitrous oxide (N,0) and chlorofluorocar-
bons. Since the beginning of the industrial period
anthropogenic emissions have led to an increase
in concentrations of these gases in the atmo-
sphere, resulting in global warming. The average
temperature of the earth’s surface has risen by
0.6 degrees Celsius since the late 1800s.
Recent projections suggest that average
temperature could increase by another 1.4 to
5.8°C by 2100 (UNFCCC, 2005). Even under
the most optimistic scenario, the increase in
average temperatures will be larger than any
century-long trend in the last 10 000 years of
the present-day interglacial period. Ice-core-
based climate records allow comparison of the
current situation with that of preceding inter-
glacial periods. The Antarctic Vostok ice core,
encapsulating the last 420 000 years of Earth
history, shows an overall remarkable correlation
between greenhouse gases and climate over
the four glacial-interglacial cycles (naturally
recurring at intervals of approximately 100 000
years). These findings were recently confirmed
by the Antarctic Dome C ice core, the deepest
ever drilled, representing some 740 000 years
- the longest, continuous, annual climate record
extracted from the ice (EPICA, 2004). This con-
firms that periods of CO;, build-up have most
likely contributed to the major global warming
transitions at the earth’'s surface. The results
also show that human activities have resulted in
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present-day concentrations of CO, and CH, that
are unprecedented over the last 650 000 years of
earth history (Siegenthaler et al., 2005).

Global warming is expected to result in chang-
es in weather patterns, including an increase in
global precipitation and changes in the severity
or frequency of extreme events such as severe
storms, floods and droughts.

Climate change is likely to have a significant
impact on the environment. In general, the
faster the changes, the greater will be the risk
of damage exceeding our ability to cope with the
consequences. Mean sea level is expected to
rise by 9-88 cm by 2100, causing flooding of low-
lying areas and other damage. Climatic zones
could shift poleward and uphill, disrupting for-
ests, deserts, rangelands and other unmanaged
ecosystems. As a result, many ecosystems will
decline or become fragmented and individual
species could become extinct (IPCC, 2001a).

The levels and impacts of these changes will
vary considerably by region. Societies will face
new risks and pressures. Food security is unlike-
ly to be threatened at the global level, but some
regions are likely to suffer yield declines of major
crops and some may experience food shortages
and hunger. Water resources will be affected as
precipitation and evaporation patterns change
around the world. Physical infrastructure will
be damaged, particularly by the rise in sea-level
and extreme weather events. Economic activi-
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Box 3.1 The Kyoto Protocol

In 1995 the UNFCCC member countries began
negotiations on a protocol - an international agree-
ment linked to the existing treaty. The text of the
so-called Kyoto Protocol was adopted unanimously
in 1997; it entered into force on 16 February 2005.

The Protocol's major feature is that it has man-
datory targets on greenhouse-gas emissions for
those of the world’s leading economies that have
accepted it. These targets range from 8 percent
below to 10 percent above the countries’ individual
1990 emissions levels “with a view to reducing their
overall emissions of such gases by at least 5 per-
cent below existing 1990 levels in the commitment
period 2008 to 2012". In almost all cases - even
those set at 10 percent above 1990 levels - the
limits call for significant reductions in currently
projected emissions.

To compensate for the sting of these binding
targets, the agreement offers flexibility in how
countries may meet their targets. For example,
they may partially compensate for their industrial,
energy and other emissions by increasing “sinks”
such as forests, which remove carbon dioxide from
the atmosphere, either on their own territories or
in other countries.

Or they may pay for foreign projects that result
in greenhouse-gas cuts. Several mechanisms have
been established for the purpose of emissions
trading. The Protocol allows countries that have

unused emissions units to sell their excess capac-

ity to countries that are over their targets. This
so-called “carbon market” is both flexible and real-
istic. Countries not meeting their commitments
will be able to “buy” compliance but the price may
be steep. Trades and sales will deal not only with
direct greenhouse gas emissions. Countries will
get credit for reducing greenhouse gas totals by
planting or expanding forests (“removal units”) and
for carrying out “joint implementation projects”
with other developed countries - paying for proj-
ects that reduce emissions in other industrialized
countries. Credits earned this way may be bought
and sold in the emissions market or “banked” for
future use.

The Protocol also makes provision for a “clean
development mechanism,” which allows industrial-
ized countries to pay for projects in poorer nations
to cut or avoid emissions. They are then awarded
credits that can be applied to meeting their own
emissions targets. The recipient countries benefit
from free infusions of advanced technology that for
example allow their factories or electrical generat-
ing plants to operate more efficiently - and hence
at lower costs and higher profits. The atmosphere
benefits because future emissions are lower than

they would have been otherwise.

Source: UNFCCC (2005).

ties, human settlements, and human health will
experience many direct and indirect effects. The
poor and disadvantaged, and more generally the
less advanced countries are the most vulnerable
to the negative consequences of climate change
because of their weak capacity to develop coping
mechanisms.

Global agriculture will face many challenges
over the coming decades and climate change
will complicate these. A warming of more than

2.5°C could reduce global food supplies and
contribute to higher food prices. The impact on
crop yields and productivity will vary consider-
ably. Some agricultural regions, especially in
the tropics and subtropics, will be threatened by
climate change, while others, mainly in temper-
ate or higher latitudes, may benefit.

The livestock sector will also be affected. Live-
stock products would become costlier if agricul-
tural disruption leads to higher grain prices. In
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general, intensively managed livestock systems
will be easier to adapt to climate change than
will crop systems. Pastoral systems may not
adapt so readily. Pastoral communities tend
to adopt new methods and technologies more
slowly, and livestock depend on the productiv-
ity and quality of rangelands, some of which
may be adversely affected by climate change. In
addition, extensive livestock systems are more
susceptible to changes in the severity and distri-
bution of livestock diseases and parasites, which
may result from global warming.

As the human origin of the greenhouse effect
became clear, and the gas emitting factors were
identified, international mechanisms were cre-
ated to help understand and address the issue.
The United Nations Framework Convention on
Climate Change (UNFCCC]) started a process of
international negotiations in 1992 to specifically
address the greenhouse effect. Its objective is to
stabilize greenhouse gas concentrations in the
atmosphere within an ecologically and economi-
cally acceptable timeframe. It also encourages
research and monitoring of other possible envi-
ronmental impacts, and of atmospheric chem-
istry. Through its legally binding Kyoto Protocol,
the UNFCCC focuses on the direct warming
impact of the main anthropogenic emissions
(see Box 3.1). This chapter concentrates on
describing the contribution of livestock produc-
tion to these emissions. Concurrently it provides
a critical assessment of mitigation strategies
such as emissions reduction measures related
to changes in livestock farming practices.

The direct warming impact is highest for
carbon dioxide simply because its concentra-
tion and the emitted quantities are much higher
than that of the other gases. Methane is the
second most important greenhouse gas. Once
emitted, methane remains in the atmosphere
for approximately 9-15 years. Methane is about
21 times more effective in trapping heat in the
atmosphere than carbon dioxide over a 100-
year period. Atmospheric concentrations of CH,
have increased by about 150 percent since pre-
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industrial times (Table 3.1), although the rate of
increase has been declining recently. It is emitted
from a variety of natural and human-influenced
sources. The latter include landfills, natural gas
and petroleum systems, agricultural activities,
coal mining, stationary and mobile combustion,
wastewater treatment and certain industrial
process (US-EPA, 2005). The IPCC has estimated
that slightly more than half of the current CH,
flux to the atmosphere is anthropogenic (IPCC,
2001b). Total global anthropogenic CH, is esti-
mated to be 320 million tonnes CH,/yr, i.e. 240
million tonnes of carbon per year (van Aardenne
et al., 2001). This total is comparable to the total
from natural sources (Olivier et al., 2002).

Nitrous oxide, a third greenhouse gas with
important direct warming potential, is present
in the atmosphere in extremely small amounts.
However, it is 296 times more effective than car-
bon dioxide in trapping heat and has a very long
atmospheric lifetime (114 years).

Livestock activities emit considerable amounts
of these three gases. Direct emissions from live-
stock come from the respiratory process of all
animals in the form of carbon dioxide. Rumi-
nants, and to a minor extent also monogastrics,

Table 3.1

Past and current concentration of important
greenhouse gases

Gas Pre-industrial ~ Current Global
concentration tropospheric warming

(1 750) concentration potential*
Carbon dioxide (COy) 277 ppm 382 ppm 1
Methane (CH,) 600 ppb 1728 ppb 23
Nitrous oxide (N,0)  270-290 ppb 318 ppb 296

Note: ppm = parts per million; ppb = parts per billion; ppt
= parts per trillion; *Direct global warming potential (GWP)
relative to CO, for a 100 year time horizon. GWPs are a simple
way to compare the potency of various greenhouse gases. The
GWP of a gas depends not only on the capacity to absorb and
reemit radiation but also on how long the effect lasts. Gas
molecules gradually dissociate or react with other atmospheric
compounds to form new molecules with different radiative
properties.

Source: WRI (2005); 2005 CO,: NOAA (2006); GWPs: IPCC
(2001b).
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emit methane as part of their digestive process,
which involves microbial fermentation of fibrous
feeds. Animal manure also emits gases such as
methane, nitrous oxides, ammonia and carbon
dioxide, depending on the way they are produced
(solid, liquid) and managed (collection, storage,
spreading).

Livestock also affect the carbon balance of
land used for pasture or feedcrops, and thus
indirectly contribute to releasing large amounts
of carbon into the atmosphere. The same hap-
pens when forest is cleared for pastures. In
addition, greenhouse gases are emitted from
fossil fuel used in the production process, from
feed production to processing and marketing of
livestock products. Some of the indirect effects
are difficult to estimate, as land use related
emissions vary widely, depending on biophysical
factors as soil, vegetation and climate as well as
on human practices.

Air pollution: acidification and nitrogen
deposition
Industrial and agricultural activities lead to the
emission of many other substances into the
atmosphere, many of which degrade the qual-
ity of the air for all terrestrial life." Important
examples of air pollutants are carbon monoxide,
chlorofluorocarbons, ammonia, nitrogen oxides,
sulphur dioxide and volatile organic compounds.
In the presence of atmospheric moisture and
oxidants, sulphur dioxide and oxides of nitro-
gen are converted to sulphuric and nitric acids.
These airborne acids are noxious to respiratory
systems and attack some materials. These air
pollutants return to earth in the form of acid
rain and snow, and as dry deposited gases and
particles, which may damage crops and forests
and make lakes and streams unsuitable for fish
and other plant and animal life. Though usually
more limited in its reach than climate change,

' The addition of substances to the atmosphere that result in
direct damage to the environment, human health and quality
of life is termed air pollution.

air pollutants carried by winds can affect places
far (hundreds of kilometres if not further) from
the points where they are released.

The stinging smell that sometimes stretches
over entire landscapes around livestock facilities
is partly due to ammonia emission.? Ammonia
volatilization (nitrified in the soil after deposition)
is among the most important causes of acidify-
ing wet and dry atmospheric deposition, and a
large part of it originates from livestock excreta.
Nitrogen (N]) deposition is higher in northern
Europe than elsewhere (Vitousek et al, 1997).
Low-level increases in nitrogen deposition asso-
ciated with air pollution have been implicated in
forest productivity increases over large regions.
Temperate and boreal forests, which historically
have been nitrogen-limited, appear to be most
affected. In areas that become nitrogen-satu-
rated, other nutrients are leached from the soil,
resulting eventually in forest dieback - coun-
teracting, or even overwhelming, any growth-
enhancing effects of CO; enrichment. Research
shows that in 7-18 percent of the global area of
(semi-) natural ecosystems, N deposition sub-
stantially exceeds the critical load, presenting
a risk of eutrophication and increased leaching
(Bouwman and van Vuuren, 1999) and although
knowledge of the impacts of N deposition at the
global level is still limited, many biologically
valuable areas may be affected (Phoenix et al.,
2006). The risk is particularly high in Western
Europe, in large parts of which over 90 percent
of the vulnerable ecosystems receive more than
the critical load of nitrogen. Eastern Europe
and North America are subject to medium risk
levels. The results suggest that even a number
of regions with low population densities, such
as Africa and South America, remote regions
of Canada and the Russian Federation, may
become affected by N eutrophication.

2 Other important odour-producing livestock emissions are
volatile organic compounds and hydrogen sulphide. In fact,
well over a hundred gases pass into the surroundings of
livestock operations (Burton and Turner, 2003; NRC, 2003).
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3.2 Livestock in the carbon cycle

The element carbon (C) is the basis for all life.
It is stored in the major sinks shown in Figure
3.1 which also shows the relative importance of

divided into two categories: the geological, which
operates over large time scales (millions of
years), and the biological/physical, which oper-
ates at shorter time scales (days to thousands

the main fluxes. The global carbon cycle can be of years).
Figure 3.1 The present carbon cycle
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Ecosystems gain most of their carbon dioxide
from the atmosphere. A number of autotro-
phic organisms® such as plants have special-
ized mechanisms that allow for absorption of
this gas into their cells. Some of the carbon in
organic matter produced in plants is passed to
the heterotrophic animals that eat them, which
then exhale it into the atmosphere in the form of
carbon dioxide. The CO; passes from there into
the ocean by simple diffusion.

Carbon is released from ecosystems as car-
bon dioxide and methane by the process of
respiration that takes place in both plants and
animals. Together, respiration and decomposi-
tion (respiration mostly by bacteria and fungi
that consumes organic matter) return the bio-
logically fixed carbon back to the atmosphere.
The amount of carbon taken up by photosyn-
thesis and released back to the atmosphere by
respiration each year is 1 000 times greater than
the amount of carbon that moves through the
geological cycle on an annual basis.

Photosynthesis and respiration also play
an important role in the long-term geological
cycling of carbon. The presence of land vegeta-
tion enhances the weathering of rock, leading to
the long-term—but slow—uptake of carbon diox-
ide from the atmosphere. In the oceans, some of
the carbon taken up by phytoplankton settles to
the bottom to form sediments. During geological
periods when photosynthesis exceeded respira-
tion, organic matter slowly built up over mil-
lions of years to form coal and oil deposits. The
amounts of carbon that move from the atmo-
sphere, through photosynthesis and respiration,
back to the atmosphere are large and produce
oscillations in atmospheric carbon dioxide con-
centrations. Over the course of a year, these
biological fluxes of carbon are over ten times

3 Autotrophic organisms are auto-sufficient in energy sup-
ply, as distinguished from parasitic and saprophytic; het-
erotrophic organisms require an external supply of energy
contained in complex organic compounds to maintain their
existence.

greater than the amount of carbon released to
the atmosphere by fossil fuel burning. But the
anthropogenic flows are one-way only, and this
characteristic is what leads to imbalance in
the global carbon budget. Such emissions are
either net additions to the biological cycle, or
they result from modifications of fluxes within
the cycle.

Livestock’s contribution to the net release of
carbon

Table 3.2 gives an overview of the various carbon
sources and sinks. Human populations, eco-
nomic growth, technology and primary energy
requirements are the main driving forces of
anthropogenic carbon dioxide emissions (IPCC
- special report on emission scenarios).

The net additions of carbon to the atmosphere
are estimated at between 4.5 and 6.5 billion
tonnes per year. Mostly, the burning of fossil fuel
and land-use changes, which destroy organic
carbon in the soil, are responsible.

The respiration of livestock makes up only a
very small part of the net release of carbon that

Table 3.2

Atmospheric carbon sources and sinks

Factor Carbon flux
(billion tonnes C per year)

Into the Out of the
atmosphere atmosphere

Fossil fuel burning 4-5
Soil organic matter

oxidation/erosion 61-62
Respiration from

organisms in biosphere 50
Deforestation 2
Incorporation into biosphere

through photosynthesis 110
Diffusion into oceans 2.5
Net 117-119 112.5
Overall annual net increase

in atmospheric carbon +4.5-6.5

Source: available at www.oznet.ksu.edu/ctec/Outreach/sci-
ence_ed2.htm
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can be attributed to the livestock sector. Much

more is released indirectly by other channels

including:

e burning fossil fuel to produce mineral fertiliz-
ers used in feed production;

* methane release from the breakdown of ferti-
lizers and from animal manure;

¢ land-use changes for feed production and for
grazing;

¢ land degradation;

e fossil fuel use during feed and animal produc-
tion; and

e fossil fuel use in production and transport of
processed and refrigerated animal products.

In the sections that follow we shall look at
these various channels, looking at the various
stages of livestock production.

3.2.1 Carbon emissions from feed
production

Fossil fuel use in manufacturing fertilizer may
emit 41 million tonnes of CO, per year

Nitrogen is essential to plant and animal life.
Only a limited number of processes, such as
lightning or fixation by rhizobia, can convert it
into reactive form for direct use by plants and
animals. This shortage of fixed nitrogen has his-
torically posed natural limits to food production
and hence to human populations.

However, since the third decade of the twen-
tieth century, the Haber-Bosch process has
provided a solution. Using extremely high pres-
sures, plus a catalyst composed mostly of iron
and other critical chemicals, it became the pri-
mary procedure responsible for the production
of chemical fertilizer. Today, the process is used
to produce about 100 million tonnes of artificial
nitrogenous fertilizer per year. Roughly 1 percent
of the world’s energy is used for it (Smith, 2002).

As discussed in Chapter 2, a large share of
the world’s crop production is fed to animals,
either directly or as agro-industrial by-products.
Mineral N fertilizer is applied to much of the
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corresponding cropland, especially in the case
of high-energy crops such as maize, used in the
production of concentrate feed. The gaseous
emissions caused by fertilizer manufacturing
should, therefore, be considered among the
emissions for which the animal food chain is
responsible.

About 97 percent of nitrogen fertilizers are
derived from synthetically produced ammonia
via the Haber-Bosch process. For economic and
environmental reasons, natural gas is the fuel
of choice in this manufacturing process today.
Natural gas is expected to account for about
one-third of global energy use in 2020, compared
with only one-fifth in the mid-1990s (IFA, 2002).
The ammonia industry used about 5 percent of
natural gas consumption in the mid-1990s. How-
ever, ammonia production can use a wide range
of energy sources. When oil and gas supplies
eventually dwindle, coal can be used, and coal
reserves are sufficient for well over 200 years at
current production levels. In fact 60 percent of
China’s nitrogen fertilizer production is currently
based on coal (IFA, 2002). China is an atypi-
cal case: not only is its N fertilizer production
based on coal, but it is mostly produced in small
and medium-sized, relatively energy-inefficient,
plants. Here energy consumption per unit of N
can run 20 to 25 percent higher than in plants
of more recent design. One study conducted by
the Chinese government estimated that energy
consumption per unit of output for small plants
was more than 76 percent higher than for large
plants (Price et al., 2000).

Before estimating the CO, emissions related
to this energy consumption, we should try to
quantify the use of fertilizer in the animal food
chain. Combining fertilizer use by crop for the
year 1997 (FAQ, 2002) with the fraction of these
crops used for feed in major N fertilizer con-
suming countries (FAOQ, 2003) shows that animal
production accounts for a very substantial share
of this consumption. Table 3.3 gives examples for
selected countries.*
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Table 3.3

Chemical fertilizer N used for feed and pastures in
selected countries

Country Share of Absolute
total N consumption amount
[percentage) (1 000 tonnes/year)
USA 51 4697
China 16 2998
France* 52 1317
Germany* 62 1247
Canada 55 897
UK* 70 887
Brazil 40 678
Spain 42 491
Mexico 20 263
Turkey 17 262
Argentina 29 126

* Countries with a considerable amount of N fertilized
grassland.
Source: Based on FAQ (2002; 2003).

Except for the Western European countries,
production and consumption of chemical fertil-
izer is increasing in these countries. This high
proportion of N fertilizer going to animal feed is
largely owing to maize, which covers large areas
in temperate and tropical climates and demands
high doses of nitrogen fertilizer. More than half
of total maize production is used as feed. Very
large amounts of N fertilizer are used for maize
and other animal feed, especially in nitrogen
deficit areas such as North America, Southeast
Asia and Western Europe. In fact maize is the

4 The estimates are based on the assumption of a uniform
share of fertilized area in both food and feed production. This
may lead to a conservative estimate, considering the large-
scale, intensive production of feedcrops in these countries
compared to the significant contribution of small-scale, low
input production to food supply. In addition, it should be noted
that these estimates do not consider the significant use of
by-products other than oil cakes (brans, starch rich products,
molasses, etc.). These products add to the economic value of
the primary commodity, which is why some of the fertilizer
applied to the original crop should be attributed to them.

crop highest in nitrogen fertilizer consumption
in 18 of the 66 maize producing countries ana-
lysed (FAO, 2002]). In 41 of these 66 countries
maize is among the first three crops in terms of
nitrogen fertilizer consumption. The projected
production of maize in these countries show
that its area generally expands at a rate inferior
to that of production, suggesting an enhanced
yield, brought about by an increase in fertilizer
consumption (FAO, 2003).

Other feedcrops are also important consum-
ers of chemical N fertilizer. Grains like barley
and sorghum receive large amounts of nitrogen
fertilizer. Despite the fact that some oil crops are
associated with N fixing organisms themselves
(see Section 3.3.1), their intensive production
often makes use of nitrogen fertilizer. Such crops
predominantly used as animal feed, including
rapeseed, soybean and sunflower, garner con-
siderable amounts of N-fertilizer: 20 percent
of Argentina’s total N fertilizer consumption is
applied to production of such crops, 110000
tonnes of N-fertilizer (for soybean alone) in Bra-
zil and over 1.3 million tonnes in China. In addi-
tion, in a number of countries even grasslands
receive a considerable amount of N fertilizer.

The countries of Table 3.3 together represent
the vast majority of the world’s nitrogen fertil-
izer use for feed production, adding a total of
about 14 million tonnes of nitrogen fertilizer per
year into the animal food chain. When the Com-
monwealth of Independent States and Oceania
are added, the total rounds to around 20 percent
of the annual 80 million tonnes of N fertilizer
consumed worldwide. Adding in the fertilizer use
that can be attributed to by-products other than
oilcakes, in particular brans, may well take the
total up to some 25 percent.

On the basis of these figures, the correspond-
ing emission of carbon dioxide can be esti-
mated. Energy requirement in modern natural
gas-based systems varies between 33 and 44
gigajoules (GJ) per tonne of ammonia. Tak-
ing into consideration additional energy use in
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Table 3.4
Co, emissions from the burning of fossil fuel to produce nitrogen fertilizer for feedcrops in selected countries
Country Absolute amount Energy use Emission factor Emitted CO,
of chemical N fertilizer per tonnes fertilizer
(1000 tonnes N fertilizer] (GJ/tonnes N fertilizer] (tonnes C/TJ] (1 000 tonnes/year)
Argentina 126 40 17 314
Brazil 678 40 17 1690
Mexico 263 40 17 656
Turkey 262 40 17 653
China 2998 50 26 14 290
Spain 491 40 17 1224
UK* 887 40 17 2212
France* 1317 40 17 3284
Germany* 1247 40 17 3109
Canada 897 40 17 2237
USA 4697 40 17 1171
Total 14 million tonnes 41 million tonnes

*Includes a considerable amount of N fertilized grassland.
Source: FAO (2002; 2003); IPCC (1997).

packaging, transport and application of fertil-
izer (estimated to represent an additional cost
of at least 10 percent; Helsel, 1992), an upper
limit of 40 GJ per tonne has been applied here.
As mentioned before, energy use in the case
of China is considered to be some 25 percent
higher, i.e. 50 GJ per tonne of ammonia. Taking
the IPCC emission factors for coal in China (26
tonnes of carbon per terajoule) and for natural
gas elsewhere (17 tonnes C/TJ), estimating car-
bon 100 percent oxidized (officially estimated to
vary between 98 and 99 percent) and applying the
C0,/C molecular weight ratio, this results in an
estimated annual emission of CO, of more than
40 million tonnes (Table 3.4) at this initial stage
of the animal food chain.

On-farm fossil fuel use may emit 90 million tonnes
CO, per year

The share of energy consumption accounted
for by the different stages of livestock produc-
tion varies widely, depending on the intensity
of livestock production (Sainz, 2003). In modern
production systems the bulk of the energy is
spent on production of feed, whether forage for
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ruminants or concentrate feed for poultry or
pigs. As well as the energy used for fertilizer,
important amounts of energy are also spent on
seed, herbicides/pesticides, diesel for machin-
ery (for land preparation, harvesting, transport)
and electricity (irrigation pumps, drying, heat-
ing, etc.). On-farm use of fossil fuel by intensive
systems produces CO, emissions probably even
larger than those from chemical N fertilizer for
feed. Sainz (2003) estimated that, during the
1980s, a typical farm in the United States spent
some 35 megajoules (MJ] of energy per kilogram
of carcass for chicken, 46 MJ for pigs and 51 MJ
for beef, of which amounts 80 to 87 percent was
spent for production.® A large share of this is in
the form of electricity, producing much lower
emissions on an energy equivalent basis than the
direct use of fossil sources for energy. The share
of electricity is larger for intensive monogastrics
production (mainly for heating, cooling and ven-

5 As opposed to post-harvest processing, transportation, stor-
age and preparation. Production includes energy use for feed
production and transport.
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Table 3.5
On-farm energy use for agriculture in Minnesota, United States
Commodity Minnesota Crop area Diesel LPG Electricity Directly
ranking (10% km?) (1000 m® ~ (1000 md ~ (106 kWh ~ emitted
within USA head (10°) 2.65-10° 2.30-10° 288 Cco,
tonnes (10¢) tonnes CO,) tonnes CO,) tonnes CO,) (108 tonnes)
Corn 4 271 238 242 235 1255
Soybeans 3 23.5 166 16 160 523
Wheat 3 9.1 62 6.8 67 199
Dairy (tonnes) 5 43% 47 38 367 318
Swine 3 4.85 59 23 230 275
Beef 12 0.95 17 6 46 72
Turkeys (tonnes) 2 40 14 76 50 226
Sugar beets 1 1.7 46 6 45 149
Sweet corn/peas 1 0.9 9 - 5 25

Note: Reported nine commodities dominate Minnesota's agricultural output and, by extension, the state’s agricultural energy use.
Related CO; emissions based on efficiency and emission factors from the United States” Common Reporting Format report submitted

to the UNFCCC in 2005.
Source: Ryan and Tiffany (1998).

tilation), which though also uses larger amounts
of fossil fuel in feed transportation. However,
more than half the energy expenditure during
livestock production is for feed production (near-
ly all in the case of intensive beef operations).
We have already considered the contribution of
fertilizer production to the energy input for feed:
in intensive systems, the combined energy-use
for seed and herbicide/pesticide production and
fossil fuel for machinery generally exceeds that
for fertilizer production.

There are some cases where feed produc-
tion does not account for the biggest share of
fossil energy use. Dairy farms are an important
example, as illustrated by the case of Minnesota
dairy operators. Electricity is their main form of
energy use. In contrast, for major staple crop
farmers in the state, diesel is the dominant
form of on-farm energy use, resulting in much
higher CO, emissions (Ryan and Tiffany, 1998,
presenting data for 1995). On this basis, we can
suggest that the bulk of Minnesota’s on-farm
CO; emissions from energy use are also related
to feed production, and exceed the emissions
associated with N fertilizer use. The average

maize fertilizer application (150 kg N per hectare
for maize in the United States) results in emis-
sions for Minnesota maize of about one mil-
lion tonnes of CO,, compared with 1.26 million
tonnes of CO, from on-farm energy use for corn
production (see Table 3.5). At least half the CO,
emissions of the two dominant commodities and
CO, sources in Minnesota (maize and soybean)
can be attributed to the (intensive] livestock sec-
tor. Taken together, feed production and pig and
dairy operations make the livestock sector by far
the largest source of agricultural CO, emissions
in Minnesota.

In the absence of similar estimates represen-
tative of other world regions it remains impos-
sible to provide a reliable quantification of the
global CO; emissions that can be attributed to
on farm fossil fuel-use by the livestock sector.
The energy intensity of production as well as the
source of this energy vary widely. A rough indica-
tion of the fossil fuel use related emissions from
intensive systems can, nevertheless, be obtained
by supposing that the expected lower energy
need for feed production at lower latitudes (lower
energy need for corn drying for example) and the
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elsewhere, often lower level of mechanization,
are overall compensated by a lower energy use
efficiency and a lower share of relatively low CO,
emitting sources (natural gas and electricity).
Minnesota figures can then be combined with
global feed production and livestock populations
in intensive systems. The resulting estimate for
maize only is of a magnitude similar to the emis-
sions from manufacturing N fertilizer for use on
feedcrops. As a conservative estimate, we may
suggest that CO, emissions induced by on-farm
fossil fuel use for feed production may be 50
percent higher than that from feed-dedicated N
fertilizer production, i.e. some 60 million tonnes
CO,globally. To this we must add farm emissions
related directly to livestock rearing, which we
may estimate at roughly 30 million tonnes of CO,
(this figure is derived by applying Minnesota’s
figures to the global total of intensively-man-
aged livestock populations, assuming that lower
energy use for heating at lower latitudes is
counterbalanced by lower energy efficiency and
higher ventilation requirements).

On-farm fossil fuel use induced emissions in
extensive systems sourcing their feed mainly
from natural grasslands or crop residues can be
expected to be low or even negligible in compari-
son to the above estimate. This is confirmed by
the fact that there are large areas in developing
countries, particularly in Africa and Asia, where
animals are an important source of draught
power, which could be considered as a CO; emis-
sion avoiding practice. It has been estimated
that animal traction covered about half the total
area cultivated in the developing countries in
1992 (Delgado et al., 1999). There are no more
recent estimates and it can be assumed that this
share is decreasing quickly in areas with rapid
mechanization, such as China or parts of India.
However, draught animal power remains an
important form of energy, substituting for fossil
fuel combustion in many parts of the world, and
in some areas, notably in West Africa, is on the
increase.
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Example of deforestation and shifting cultivation
on steep hillside. Destruction of forests causes
disastrous soil erosion in a few years - Thailand 1979

Livestock-related land use changes may emit 2.4
billion tonnes of CO, per year

Land use in the various parts of the world is
continually changing, usually in response to
competitive demand between users. Changes in
land use have an impact in carbon fluxes, and
many of the land-use changes involve livestock,
either occupying land (as pasture or arable land
for feedcrops) or releasing land for other pur-
poses, when for example, marginal pasture land
is converted to forest.

A forest contains more carbon than does a
field of annual crops or pasture, and so when
forests are harvested, or worse, burned, large
amounts of carbon are released from the veg-
etation and soil to the atmosphere. The net
reduction in carbon stocks is not simply equal
to the net CO, flux from the cleared area. Reality
is more complex: forest clearing can produce a
complex pattern of net fluxes that change direc-
tion over time (IPCC guidelines). The calculation
of carbon fluxes owing to forest conversion is, in
many ways, the most complex of the emissions
inventory components. Estimates of emissions
from forest clearing vary because of multiple
uncertainties: annual forest clearing rates, the
fate of the cleared land, the amounts of carbon
contained in different ecosystems, the modes by
which CO, is released (e.g., burning or decay],
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and the amounts of carbon released from soils
when they are disturbed.

Responses of biological systems vary over dif-
ferent time-scales. For example, biomass burn-
ing occurs within less than one year, while the
decomposition of wood may take a decade, and
loss of soil carbon may continue for several
decades or even centuries. The IPCC (2001b)
estimated the average annual flux owing to trop-
ical deforestation for the decade 1980 to 1989
at 1.6+1.0 billion tonnes C as CO, (CO,-C). Only
about 50-60 percent of the carbon released from
forest conversion in any one year was a result of
the conversion and subsequent biomass burning
in that year. The remainder were delayed emis-
sions resulting from oxidation of biomass har-
vested in previous years (Houghton, 1991).

Clearly, estimating CO; emissions from land
use and land-use change is far less straightfor-
ward than those related to fossil fuel combus-
tion. It is even more difficult to attribute these
emissions to a particular production sector such
as livestock. However, livestock’s role in defores-
tation is of proven importance in Latin America,
the continent suffering the largest net loss of
forests and resulting carbon fluxes. In Chapter
2 Latin America was identified as the region
where expansion of pasture and arable land for
feedcrops is strongest, mostly at the expense of
forest area. The LEAD study by Wassenaar et al,
(2006) and Chapter 2 showed that most of the
cleared area ends up as pasture and identified
large areas where livestock ranching is probably
a primary motive for clearing. Even if these final
land uses were only one reason among many
others that led to the forest clearing, animal pro-
duction is certainly one of the driving forces of
deforestation. The conversion of forest into pas-
ture releases considerable amounts of carbon
into the atmosphere, particularly when the area
is not logged but simply burned. Cleared patches
may go through several changes of land-use
type. Over the 2000-2010 period, the pasture
areas in Latin America are projected to expand

into forest by an annual average of 2.4 million
hectares - equivalent to some 65 percent of
expected deforestation. If we also assume that
at least half the cropland expansion into forest
in Bolivia and Brazil can be attributed to provid-
ing feed for the livestock sector, this results in
an additional annual deforestation for livestock
of over 0.5 million hectares - giving a total for
pastures plus feedcrop land, of some 3 million
hectares per year.

In view of this, and of worldwide trends in
extensive livestock production and in cropland
for feed production (Chapter 2), we can realisti-
cally estimate that “livestock induced” emissions
from deforestation amount to roughly 2.4 billion
tonnes of CO, per year. This is based on the
somewhat simplified assumption that forests are
completely converted into climatically equiva-
lent grasslands and croplands (IPCC 2001b, p.
192], combining changes in carbon density of
both vegetation and soil® in the year of change.
Though physically incorrect (it takes well over
a year to reach this new status because of the
“inherited”, i.e. delayed emissions) the result-
ing emission estimate is correct provided the
change process is continuous.

Other possibly important, but un-quantified,
livestock-related deforestation as reported from
for example Argentina (see Box 5.5 in Section
5.3.3) is excluded from this estimate.

In addition to producing CO, emissions, the
land conversion may also negatively affect other
emissions. Mosier et al. (2004) for example
noted that upon conversion of forest to grazing
land, CH, oxidation by soil micro-organisms is
typically greatly reduced and grazing lands may
even become net sources in situations where
soil compaction from cattle traffic limits gas
diffusion.

¢ The most recent estimates provided by this source are 194
and 122 tonnes of carbon per hectare in tropical forest,
respectively for plants and soil, as opposed to 29 and 90 for
tropical grassland and 3 and 122 for cropland.
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Livestock-related releases from cultivated soils
may total 28 million tonnes CO, per year

Soils are the largest carbon reservoir of the
terrestrial carbon cycle. The estimated total
amount of carbon stored in soils is about 1 100 to
1 600 billion tonnes (Sundquist, 1993), more than
twice the carbon in living vegetation (560 billion
tonnes) or in the atmosphere (750 billion tonnes).
Hence even relatively small changes in carbon
stored in the soil could make a significant impact
on the global carbon balance (Rice, 1999).

Carbon stored in soils is the balance between
the input of dead plant material and losses due
to decomposition and mineralization processes.
Under aerobic conditions, most of the carbon
entering the soil is unstable and therefore quick-
ly respired back to the atmosphere. Generally,
less than 1 percent of the 55 billion tonnes of
C entering the soil each year accumulates in
more stable fractions with long mean residence
times.

Human disturbance can speed up decomposi-
tion and mineralization. On the North American
Great Plains, it has been estimated that approxi-
mately 50 percent of the soil organic carbon has
been lost over the past 50 to 100 years of culti-
vation, through burning, volatilization, erosion,
harvest or grazing (SCOPE 21, 1982]. Similar
losses have taken place in less than ten years
after deforestation in tropical areas (Nye and
Greenland, 1964). Most of these losses occur
at the original conversion of natural cover into
managed land.

Further soil carbon losses can be induced
by management practices. Under appropriate
management practices (such as zero tillage)
agricultural soils can serve as a carbon sink and
may increasingly do so in future (see Section
3.5.1). Currently, however, their role as carbon
sinks is globally insignificant. As described in
Chapter 2, a very large share of the production of
coarse grains and oil crops in temperate regions
is destined for feed use.

The vast majority of the corresponding area
is under large-scale intensive management,

92

dominated by conventional tillage practices that
gradually lower the soil organic carbon content
and produce significant CO, emissions. Given the
complexity of emissions from land use and land-
use changes, it is not possible to make a global
estimation at an acceptable level of precision.
Order-of-magnitude indications can be made by
using an average loss rate from soil in a rather
temperate climate with moderate to low organic
matter content that is somewhere between the
loss rate reported for zero and conventional till-
age: Assuming an annual loss rate of 100 kg CO,
per hectare per year (Sauvé et al., 2000: covering
temperate brown soil CO, loss, and excluding
emissions originating from crop residues), the
approximately 1.8 million km? of arable land cul-
tivated with maize, wheat and soybean for feed
would add an annual CO, flux of some 18 million
tonnes to the livestock balance.

Tropical soils have lower average carbon con-
tent (IPCC 2001b, p. 192), and therefore lower
emissions. On the other hand, the considerable
expansion of large-scale feedcropping, not only
into uncultivated areas, but also into previ-
ous pastureland or subsistence cropping, may
increase CO, emission. In addition, practices
such as soil liming contribute to emissions. Soil
liming is a common practice in more inten-
sively cultivated tropical areas because of soil
acidity. Brazil’” for example estimated its CO;
emissions owing to soil liming at 8.99 million
tonnes in 1994, and these have most probably
increased since than. To the extent that these
emissions concern cropland for feed production
they should be attributed to the livestock sec-
tor. Often only crop residues and by-products
are used for feeding, in which case a share of
emissions corresponding to the value fraction of
the commodity® (Chapagain and Hoekstra, 2004)
should be attributed to livestock. Comparing

7 Brazil's first national communication to the UNFCCC, 2004.

8 The value fraction of a product is the ratio of the market
value of the product to the aggregated market value of all the
products obtained from the primary crop.
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reported emissions from liming from national
communications of various tropical countries to
the UNFCCC with the importance of feed pro-
duction in those countries shows that the global
share of liming related emissions attributable to
livestock is in the order of magnitude of Brazil's
emission (0.01 billion tonnes CO,).

Another way livestock contributes to gas emis-
sions from cropland is through methane emis-
sions from rice cultivation, globally recognized
as an important source of methane. Much of the
methane emissions from rice fields are of animal
origin, because the soil bacteria are to a large
extent “fed” with animal manure, an important
fertilizer source (Verburg, Hugo and van der
Gon, 2001). Together with the type of flooding
management, the type of fertilization is the most
important factor controlling methane emissions
from rice cultivated areas. Organic fertilizers
lead to higher emissions than mineral fertilizers.
Khalil and Shearer (2005) argue that over the last
two decades China achieved a substantial reduc-
tion of annual methane emissions from rice
cultivation - from some 30 million tonnes per
year to perhaps less than 10 million tonnes per
year — mainly by replacing organic fertilizer with
nitrogen-based fertilizers. However, this change
can affect other gaseous emissions in the oppo-
site way. As nitrous oxide emissions from rice
fields increase, when artificial N fertilizers are
used, as do carbon dioxide emissions from Chi-
na’'s flourishing charcoal-based nitrogen fertil-
izer industry (see preceding section). Given that
it is impossible to provide even a rough estimate
of livestock’s contribution to methane emissions
from rice cultivation, this is not further consid-
ered in the global quantification.

Releases from livestock-induced desertification of
pastures may total 100 million tonnes CO, per year
Livestock also play a role in desertification (see
Chapters 2 and 4). Where desertification is
occurring, degradation often results in reduced
productivity or reduced vegetation cover, which
produce a change in the carbon and nutrient

stocks and cycling of the system. This seems
to result in a small reduction in aboveground C
stocks and a slight decline in C fixation. Despite
the small, sometimes undetectable changes in
aboveground biomass, total soil carbon usu-
ally declines. A recent study by Asner, Borghi
and Ojeda, (2003) in Argentina also found that
desertification resulted in little change in woody
cover, but there was a 25 to 80 percent decline
in soil organic carbon in areas with long-term
grazing. Soil erosion accounts for part of this
loss, but the majority stems from the non-
renewal of decaying organic matter stocks, i.e.
there is a significant net emission of CO,.

Lal (2001) estimated the carbon loss as a
result of desertification. Assuming a loss of 8-12
tonnes of soil carbon per hectare (Swift et al,
1994) on a desertified land area of 1 billion hect-
ares (UNEP, 1991), the total historic loss would
amount to 8-12 billion tonnes of soil carbon.
Similarly, degradation of aboveground vegeta-
tion has led to an estimated carbon loss of 10-16
tonnes per hectare - a historic total of 10-16
billion tonnes. Thus, the total C loss as a con-
sequence of desertification may be 18-28 billion
tonnes of carbon (FAQ, 2004b). Livestock’s con-
tribution to this total is difficult to estimate, but
it is undoubtedly high: livestock occupies about
two-thirds of the global dry land area, and the
rate of desertification has been estimated to be
higher under pasture than under other land uses
(3.2 million hectares per year against 2.5 million
hectares per year for cropland, UNEP, 1991).
Considering only soil carbon loss (i.e. about 10
tonnes of carbon per hectare), pasture desertifi-
cation-induced oxidation of carbon would result
in CO, emissions in the order of 100 million
tonnes of CO, per year.

Another, largely unknown, influence on the fate
of soil carbon is the feedback effect of climate
change. In higher latitude cropland zones, global
warming is expected to increase yields by virtue
of longer growing seasons and CO, fertilization
(Cantagallo, Chimenti and Hall, 1997; Travasso
et al., 1999). At the same time, however, global

93



Livestock’s long shadow

Box 3.2 The many climatic faces of the burning of tropical savannah

Burning is common in establishing and managing
of pastures, tropical rain forests and savannah
regions and grasslands worldwide (Crutzen and
Andreae, 1990; Reich et al, 2001). Fire removes

ungrazed grass, straw and litter, stimulates fresh

growth, and can control the density of woody plants

(trees and shrubs). As many grass species are more
fire-tolerant than tree species (especially seedlings
and saplings), burning can determine the balance
between grass cover and ligneous vegetation. Fires
stimulate the growth of perennial grasses in savan-
nahs and provide nutritious re-growth for livestock.
Controlled burning prevents uncontrolled, and pos-

sibly, more destructive fires and consumes the

combustible lower layer at an appropriate humidity

stage. Burning involves little or no cost. It is also
used at a small scale to maintain biodiversity (wild-
life habitats) in protected areas.

The environmental consequences of rangeland
and grassland fires depend on the environmental
context and conditions of application. Controlled
burning in tropical savannah areas has signifi-
cant environmental impact, because of the large
area concerned and the relatively low level of

control. Large areas of savannah in the humid

and subhumid tropics are burned every year for

rangeland management. In 2000, burning affected

some 4 million kmZ2 More than two-thirds of this

occurred in the tropics and sub-tropics (Tansey

et al, 2004). Globally about three quarters of

this burning took place outside forests. Savannah

© FAO/14185/R. FAIDUTTI

SRS e :
Hunter set fire to forest areas to drive out a species
of rodent that will be killed for food. Herdsmen and
hunters together benefit from the results.

burning represented some 85 percent of the area
burned in Latin American fires 2000, 60 percent in
Africa, nearly 80 percent in Australia.

Usually, savannah burning is not considered to
result in net CO, emissions, since emitted amounts
of carbon dioxide released in burning are re-cap-
tured in grass re-growth. As well as CO,, biomass
burning releases important amounts of other glob-
ally relevant trace gases (NO,, CO, and CH,) and
aerosols (Crutzen and Andreae, 1990; Scholes and
Andreae, 2000). Climate effects include the forma-
tion of photochemical smog, hydrocarbons, and
NO,. Many of the emitted elements lead to the pro-
duction of tropospheric ozone (Vet, 1995; Crutzen
and Goldammer, 1993), which is another important
greenhouse gas influencing the atmosphere’s oxi-
dizing capacity, while bromine, released in sig-
nificant amounts from savannah fires, decreases
stratospheric ozone (Vet, 1995; ADB, 2001).

Smoke plumes may be redistributed locally,
transported throughout the lower troposphere,
or entrained in large-scale circulation patterns
in the mid and upper troposphere. Often fires in
convection areas take the elements high into the
atmosphere, creating increased potential for cli-
mate change. Satellite observations have found
large areas with high O3 and CO levels over Africa,
South America and the tropical Atlantic and Indian
Oceans (Thompson et al., 2001).

Aerosols produced by the burning of pasture
biomass dominate the atmospheric concentra-
tion of aerosols over the Amazon basin and Africa
(Scholes and Andreae, 2000; Artaxo et al., 2002).
Concentrations of aerosol particles are highly sea-
sonal. An obvious peak in the dry (burning) season,
which contributes to cooling both through increas-
ing atmospheric scattering of incoming light and
the supply of cloud condensation nuclei. High con-
centrations of cloud condensation nuclei from the
burning of biomass stimulate rainfall production
and affect large-scale climate dynamics (Andreae
and Crutzen, 1997).
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warming may also accelerate decomposition of
carbon already stored in soils (Jenkinson,1991;
MacDonald, Randlett and Zalc, 1999; Niklinska,
Maryanski and Laskowski, 1999; Scholes et al,
1999]). Although much work remains to be done
in quantifying the COj fertilization effect in crop-
land, van Ginkel, Whitmore and Gorissen, (1999)
estimate the magnitude of this effect (at current
rates of increase of CO, in the atmosphere) at
a net absorption of 0.036 tonnes of carbon per
hectare per year in temperate grassland, even
after the effect of rising temperature on decom-
position is deducted. Recent research indicates
that the magnitude of the temperature rise on
the acceleration of decay may be stronger, with
already very significant net losses over the last
decades in temperate regions (Bellamy et al,
2005; Schulze and Freibauer, 2005). Both sce-
narios may prove true, resulting in a shift of car-
bon from soils to vegetation - i.e. a shift towards
more fragile ecosystems, as found currently in
more tropical regions.

3.2.2 Carbon emissions from livestock
rearing

Respiration by livestock is not a net source of CO,
Humans and livestock now account for about a
quarter of the total terrestrial animal biomass.’
Based on animal numbers and liveweights, the
total livestock biomass amounts to some 0.7 bil-
lion tonnes (Table 3.6; FAO, 2005b).

How much do these animals contribute to
greenhouse gas emissions? According to the
function established by Muller and Schneider
(1985, cited by Ni et al,, 1999), applied to stand-
ing stocks per country and species (with country
specific liveweight), the carbon dioxide from the
respiratory process of livestock amount to some
3 billion tonnes of COy (see Table 3.6) or 0.8 bil-
lion tonnes of carbon. In general, because of
lower offtake rates and therefore higher invento-

? Based on SCOPE 13 (Bolin et al., 1979), with human popula-
tion updated to today’s total of some 6.5 billion.

ries, ruminants have higher emissions relative to
their output. Cattle alone account for more than
half of the total carbon dioxide emissions from
respiration.

However, emissions from livestock respiration
are part of a rapidly cycling biological system,
where the plant matter consumed was itself
created through the conversion of atmospheric
CO; into organic compounds. Since the emit-
ted and absorbed quantities are considered
to be equivalent, livestock respiration is not
considered to be a net source under the Kyoto
Protocol. Indeed, since part of the carbon con-
sumed is stored in the live tissue of the growing
animal, a growing global herd could even be
considered a carbon sink. The standing stock
livestock biomass increased significantly over
the last decades (from about 428 million tonnes
in 1961 to around 699 million tonnes in 2002).
This continuing growth (see Chapter 1) could be
considered as a carbon sequestration process
(roughly estimated at 1 or 2 million tonnes car-
bon per year). However, this is more than offset
by methane emissions which have increased
correspondingly.

The equilibrium of the biological cycle is, how-
ever, disrupted in the case of overgrazing or bad
management of feedcrops. The resulting land
degradation is a sign of decreasing re-absorp-
tion of atmospheric CO, by vegetation re-growth.
In certain regions the related net CO; loss may
be significant.

Methane released from enteric fermentation may
total 86 million tonnes per year

Globally, livestock are the most important source
of anthropogenic methane emissions. Among
domesticated livestock, ruminant animals (cat-
tle, buffaloes, sheep, goats and camels) produce
significant amounts of methane as part of their
normal digestive processes. In the rumen, or
large fore-stomach, of these animals, microbial
fermentation converts fibrous feed into products
that can be digested and utilized by the animal.
This microbial fermentation process, referred to
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Table 3.6

Livestock numbers (2002) and estimated carbon dioxide emissions from respiration

Biomass Carbon dioxide emissions

Species World total

[million head)
Cattle and buffaloes 1496
Small ruminants 1784
Camels 19
Horses 55
Pigs 933
Poultry! 17 437
Total?

[million tonnes liveweight)

[(million tonnes CO,)

501 1906
47.3 514
5.3 18
18.6 71
92.8 590
33.0 61
699 3161

' Chicken, ducks, turkey and geese.
? Includes also rabbits.
Source: FAO (2006b); own calculations.

as enteric fermentation, produces methane as
a by-product, which is exhaled by the animal.
Methane is also produced in smaller quantities
by the digestive processes of other animals,
including humans (US-EPA, 2005).

There are significant spatial variations in
methane emissions from enteric fermentation.
In Brazil, methane emission from enteric fer-
mentation totalled 9.4 million tonnes in 1994 - 93
percent of agricultural emissions and 72 percent
of the country’s total emissions of methane. Over
80 percent of this originated from beef cattle
(Ministério da Ciéncia e Tecnologia - EMBRAPA
report, 2002). In the United States methane from

Dairy cattle feeding on fodder in open stable. La Loma,
Lerdo, Durango - Mexico 1990
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enteric fermentation totalled 5.5 million tonnes
in 2002, again overwhelmingly originating from
beef and dairy cattle. This was 71 percent of all
agricultural emissions and 19 percent of the
country’s total emissions (US-EPA, 2004).

This variation reflects the fact that levels of
methane emission are determined by the pro-
duction system and regional characteristics.
They are affected by energy intake and several
other animal and diet factors (quantity and qual-
ity of feed, animal body weight, age and amount
of exercise). It varies among animal species and
among individuals of the same species. There-
fore, assessing methane emission from enteric
fermentation in any particular country requires
a detailed description of the livestock population
(species, age and productivity categories), com-
bined with information on the daily feed intake
and the feed's methane conversion rate (IPCC
revised guidelines). As many countries do not
possess such detailed information, an approach
based on standard emission factors is generally
used in emission reporting.

Methane emissions from enteric fermentation
will change as production systems change and
move towards higher feed use and increased
productivity. We have attempted a global esti-
mate of total methane emissions from enteric
fermentation in the livestock sector. Annex 3.2
details the findings of our assessment, compar-
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Table 3.7

Global methane emissions from enteric fermentation in 2004

Emissions (million tonnes CH, per year by source)

Region/country Dairy cattle Other cattle Buffaloes  Sheep and goats Pigs Total
Sub-Saharan Africa 2.30 7.47 0.00 1.82 0.02 11.61
Asia * 0.84 3.83 2.40 0.88 0.07 8.02
India 1.70 3.94 5.25 0.9 0.01 11.82
China 0.49 5.12 1.25 1.51 0.48 8.85
Central and South America 3.36 17.09 0.06 0.58 0.08 21.17
West Asia and North Africa 0.98 1.16 0.24 1.20 0.00 3.58
North America 1.02 3.85 0.00 0.06 0.1 5.05
Western Europe 2.19 2.31 0.01 0.98 0.20 5.70
Oceania and Japan 0.71 1.80 0.00 0.73 0.02 3.26
Eastern Europe and CIS 1.99 2.96 0.02 0.59 0.10 5.66
Other developed 0.1 0.62 0.00 0.18 0.00 0.91
Total 15.69 50.16 9.23 9.44 1.1 85.63
Livestock Production System

Grazing 4.73 21.89 0.00 2.95 0.00 29.58
Mixed 10.96 27.53 9.23 6.50 0.80 55.02
Industrial 0.00 0.73 0.00 0.00 0.30 1.04

* Excludes China and India.
Source: see Annex 3.2, own calculations.

ing IPCC Tier 1 default emission factors with
region-specific emission factors. Applying these
emission factors to the livestock numbers in
each production system gives an estimate for
total global emissions of methane from enteric
fermentation 86 million tonnes CH, annually.
This is not far from the global estimate from the
United States Environmental Protection Agency
(US-EPA, 2005), of about 80 million tonnes of
methane annually. The regional distribution of
such methane emission is illustrated by Map 33
(Annex 1). This is an updated and more precise
estimate than previous such attempts (Bowman
et al., 2000; Methane emission map published by
UNEP-GRID, Lerner, Matthews and Fung, 1988)
and also provides production-system specific
estimates. Table 3.7 summarizes these results.
The relative global importance of mixed systems
compared to grazing systems reflects the fact
that about two-thirds of all ruminants are held
in mixed systems.

Methane released from animal manure may total
18 million tonnes per year

The anaerobic decomposition of organic mate-
rial in livestock manure also releases methane.
This occurs mostly when manure is managed in
liquid form, such as in lagoons or holding tanks.
Lagoon systems are typical for most large-scale
pig operations over most of the world (except
in Europe). These systems are also used in
large dairy operations in North America and in
some developing countries, for example Brazil.
Manure deposited on fields and pastures, or oth-
erwise handled in a dry form, does not produce
significant amounts of methane.

Methane emissions from livestock manure
are influenced by a number of factors that
affect the growth of the bacteria responsible for
methane formation, including ambient tempera-
ture, moisture and storage time. The amount of
methane produced also depends on the energy
content of manure, which is determined to a
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State of the art lagoon waste management system for a 900 head hog farm. The facility is completely automated
and temperature controlled - United States 2002

large extent by livestock diet. Not only do greater
amounts of manure lead to more CH; being
emitted, but higher energy feed also produces
manure with more volatile solids, increasing the
substrate from which CH, is produced. However,
this impact is somewhat offset by the possibil-
ity of achieving higher digestibility in feeds, and
thus less wasted energy (USDA, 2004).

Globally, methane emissions from anaerobic
decomposition of manure have been estimated
to total just over 10 million tonnes, or some
4 percent of global anthropogenic methane
emissions (US-EPA, 2005). Although of much
lesser magnitude than emissions from enteric
fermentation, emissions from manure are much
higher than those originating from burning resi-
dues and similar to the lower estimate of the
badly known emissions originating from rice cul-
tivation. The United States has the highest emis-
sion from manure (close to 1.9 million tonnes,
United States inventory 2004), followed by the
EU. As a species, pig production contributes
the largest share, followed by dairy. Developing
countries such as China and India would not be
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very far behind, the latter in particular exhibit-
ing a strong increase. The default emission
factors currently used in country reporting to
the UNFCCC do not reflect such strong changes
in the global livestock sector. For example,
Brazil's country report to the UNFCCC (Ministry
of Science and Technology, 2004) mentions a
significant emission from manure of 0.38 million
tonnes in 1994, which would originate mainly
from dairy and beef cattle. However, Brazil also
has a very strong industrial pig production sec-
tor, where some 95 percent of manure is held in
open tanks for several months before application
(EMBRAPA, personal communication).

Hence, a new assessment of emission factors
similar to the one presented in the preceding
section was essential and is presented in Annex
3.3. Applying these new emission factors to the
animal population figures specific to each pro-
duction system, we arrive at a total annual global
emission of methane from manure decomposi-
tion of 17.5 million tonnes of CH,. This is sub-
stantially higher than existing estimates.

Table 3.8 summarizes the results by species,
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Table 3.8

Global methane emissions from manure management in 2004

Emissions (million tonnes CH, per year by source)

Region/country Dairy cattle Other cattle Buffalo Sheep and goats Pigs Poultry Total
Sub-Saharan Africa 0.10 0.32 0.00 0.08 0.03 0.04 0.57
Asia * 0.31 0.08 0.09 0.03 0.50 0.13 1.14
India 0.20 0.34 0.19 0.04 0.17 0.01 0.95
China 0.08 0.11 0.05 0.05 3.43 0.14 3.84
Central and South America 0.10 0.36 0.00 0.02 0.74 0.19 1.41
West Asia and North Africa 0.06 0.09 0.01 0.05 0.00 0.1 0.32
North America 0.52 1.05 0.00 0.00 1.65 0.16 3.39
Western Europe 1.16 1.29 0.00 0.02 1.52 0.09 4.08
Oceania and Japan 0.08 0.1 0.00 0.03 0.10 0.03 0.35
Eastern Europe and CIS 0.46 0.65 0.00 0.01 0.19 0.06 1.38
Other developed 0.01 0.03 0.00 0.01 0.04 0.02 0.11
Global Total 3.08 4.41 0.34 0.34 8.38 0.97 17.52
Livestock Production System

Grazing 0.15 0.50 0.00 0.12 0.00 0.00 0.77
Mixed 2.93 3.89 0.34 0.23 4.58 0.31 12.27
Industrial 0.00 0.02 0.00 0.00 3.80 0.67 4.48

* Excludes China and India.
Source: see Annex 3.3, own calculations.

by region and by farming system. The distribu-
tion by species and production system is also
illustrated in Maps 16, 17, 18 and 19 (Annex 1).
China has the largest country-level methane
emission from manure in the world, mainly
from pigs. At a global level, emissions from pig
manure represent almost half of total livestock
manure emissions. Just over a quarter of the
total methane emission from managed manure
originates from industrial systems.

3.2.3 Carbon emissions from livestock

processing and refrigerated transport

A number of studies have been conducted to
quantify the energy costs of processing animals
for meat and other products, and to identify
potential areas for energy savings (Sainz, 2003).
The variability among enterprises is very wide,
so it is difficult to generalize. For example, Ward,
Knox and Hobson, (1977) reported energy costs
of beef processing in Colorado ranging from 0.84

to 5.02 million joules per kilogram of live weight.
Sainz (2003) produced indicative values for the
energy costs of processing, given in Table 3.9.

CO, emissions from livestock processing may total
several tens of million tonnes per year

To obtain a global estimate of emissions from
processing, these indicative energy use fac-
tors could be combined with estimates of the
world’s livestock production from market-ori-
ented intensive systems (Chapter 2). However,
besides their questionable global validity, it is
highly uncertain what the source of this energy
is and how this varies throughout the world.
Since mostly products from intensive systems
are being processed, the above case of Min-
nesota (Section 3.2.1 on on-farm fossil fuel use
and Table 3.5) constitutes an interesting example
of energy use for processing, as well as a break-
down into energy sources (Table 3.13). Diesel
use here is mainly for transport of products
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Table 3.9

Indicative energy costs for processing

Product Fossil energy cost Units Source

Poultry meat 2.59 MJ-kg! live wt Whitehead and Shupe, 1979
Eggs 6.12 MJ-dozen'! OECD, 1982

Pork-fresh 3.76 MJ-kg! carcass Singh, 1986

Pork-processed meats 6.30 MJ-kg! meat Singh, 1986

Sheep meat 10.4 MJ-kg' carcass McChesney et al., 1982

Sheep meat-frozen 0.432 MJ-kg" meat Unklesbay and Unklesbay, 1982
Beef 4.37 MJ-kg! carcass Poulsen, 1986

Beef-frozen 0.432 MJ-kg! meat Unklesbay and Unklesbay, 1982
Milk 1.12 MJ-kg! Miller, 1986

Cheese, butter, whey powder 1.49 MJ-kg! Miller, 1986

Milk powder, butter 2.62 MJ-kg! Miller, 1986

Source: Sainz (2003).

to the processing facilities. Transport-related
emissions for milk are high, owing to large vol-
umes and low utilization of transport capacity.
In addition, large amounts of energy are used to
pasteurize milk and transform it into cheese and
dried milk, making the dairy sector responsible
for the second highest CO; emissions from food
processing in Minnesota. The largest emissions
result from soybean processing and are a result
of physical and chemical methods to separate
the crude soy oil and soybean meal from the raw
beans. Considering the value fractions of these
two commodities (see Chapagain and Hoekstra,
2004) some two-thirds of these soy-processing
emissions can be attributed to the livestock sec-
tor. Thus, the majority of CO, emissions related
to energy consumption from processing Minne-
sota’s agricultural production can be ascribed to
the livestock sector.

Minnesota can be considered a “hotspot”
because of its CO, emissions from livestock
processing and cannot, in light of the above
remarks on the variability of energy efficiency
and sources, be used as a basis for deriv-
ing a global estimate. Still, considering also
Table 3.10, it indicates that the total animal
product and feed processing related emission
of the United States would be in the order of a
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few million tonnes CO,. Therefore, the probable
order of magnitude for the emission level related
to global animal-product processing would be
several tens of million tonnes CO,.

CO, emissions from transport of livestock products
may exceed 0.8 million tonnes per year

The last element of the food chain to be con-
sidered in this review of the carbon cycle is the
one that links the elements of the production
chain and delivers the product to retailers and
consumers, i.e. transport. In many instances
transport is over short distances, as in the case
of milk collection cited above. Increasingly the
steps in the chain are separated over long dis-
tances (see Chapter 2], which makes transport
a significant source of greenhouse gas emis-
sions.

Transport occurs mainly at two key stages:
delivery of (processed) feed to animal produc-
tion sites and delivery of animal products to
consumer markets. Large amounts of bulky raw
ingredients for concentrate feed are shipped
around the world (Chapter 2]. These long-dis-
tance flows add significant CO, emissions to the
livestock balance. One of the most notable long-
distance feed trade flows is for soybean, which
is also the largest traded volume among feed
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Table 3.10
Energy use for processing agricultural products in Minnesota, in United States in 1995
Commodity Production’ Diesel Natural gas Electricity Emitted CO,
(10¢ tonnes] (1000 m®) (106 m?) (106 kWh] [10° tonnes]
Corn 22.2 41 54 48 226
Soybeans 6.4 23 278 196 648
Wheat 2.7 19 - 125 86
Dairy 4.3 36 207 162 537
Swine 0.9 7 21 75 80
Beef 0.7 2.5 15 55 51
Turkeys 0.4 1.8 10 36 34
Sugar beets? 7.4 19 125 68 309
Sweet corn/peas 1.0 6 8 29 40

T Commodities: unshelled corn ears, milk, live animal weight. 51 percent of milk is made into cheese, 35 percent is dried, and 14

percent is used as liquid for bottling.

2 Beet processing required an additional 440 thousand tonnes of coal.

1000 m® diesel ~ 2.65-10° tonnes COy; 10° m® natural gas ~ 1.91-10° tonnes COy; 10° kWh ~ 288 tonnes CO,

Source: Ryan and Tiffany [1998). See also table 3.5. Related CO, emissions based on efficiency and emission factors from the United
States’ Common Reporting Format report submitted to the UNFCCC in 2005.

ingredients, as well as the one with the strongest
increase. Among soybean (cake) trade flows the
one from Brazil to Europe is of a particularly
important volume. Cederberg and Flysj6 (2004)
studied the energy cost of shipping soybean cake
from the Mato Grosso to Swedish dairy farms:
shipping one tonne requires some 2 900 MJ, of
which 70 percent results from ocean transport.
Applying this energy need to the annual soybean
cake shipped from Brazil to Europe, combined
with the IPCC emission factor for ocean vessel
engines, results in an annual emission of some
32 thousand tonnes of CO,.

While there are a large number of trade flows,
we can take pig, poultry and bovine meat to rep-
resent the emissions induced by fossil energy
use for shipping animal products around the
world. The figures presented in Table 15, Annex
2 are the result of combining traded volumes
(FAO, accessed December 2005) with respective
distances, vessel capacities and speeds, fuel use
of main engine and auxiliary power generators
for refrigeration, and their respective emission
factors (IPCC, 1997).

These flows represent some 60 percent of

international meat trade. Annually they pro-
duce some 500 thousand tonnes of CO,. This
represents more than 60 percent of total CO,
emissions induced by meat-related sea trans-
port, because the trade flow selection is biased
towards the long distance exchange. On the
other hand, surface transport to and from the
harbour has not been considered. Assuming, for
simplicity, that the latter two effects compensate
each other, the total annual meat transport-
induced CO, emission would be in the order of
800-850 thousand tonnes of CO,.

3.3 Livestock in the nitrogen cycle
Nitrogen is an essential element for life and
plays a central role in the organization and func-
tioning of the world’s ecosystems. In many ter-
restrial and aquatic ecosystems, the availability
of nitrogen is a key factor determining the nature
and diversity of plant life, the population dynam-
ics of both grazing animals and their predators,
and vital ecological processes such as plant
productivity and the cycling of carbon and soil
minerals (Vitousek et al., 1997).

The natural carbon cycle is characterized by
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Figure 3.2 The nitrogen cycle
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large fossil terrestrial and aquatic pools, and
an atmospheric form that is easily assimilated
by plants. The nitrogen cycle is quite different:
diatomic nitrogen (N,] in the atmosphere is the
sole stable (and very large) pool, making up
some 78 percent of the atmosphere (see Figure
3.2).

Although nitrogen is required by all organ-
isms to survive and grow, this pool is largely
unavailable to them under natural conditions.
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For most organisms this nutrient is supplied via
the tissues of living and dead organisms, which
is why many ecosystems of the world are limited
by nitrogen.

The few organisms able to assimilate atmos-
pheric N, are the basis of the natural N cycle of
modest intensity (relative to that of the C cycle],
resulting in the creation of dynamic pools in
organic matter and aquatic resources. Generally
put, nitrogen is removed from the atmosphere
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by soil micro-organisms, such as the nitrogen-
fixing bacteria that colonize the roots of legumi-
nous plants. These bacteria convert it into forms
(so-called reactive nitrogen, Nr, in essence all
N compounds other than N;) such as ammonia
(NHs), which can then be used by the plants. This
process is called nitrogen fixation. Meanwhile,
other micro-organisms remove nitrogen from
the soil and put it back into the atmosphere.
This process, called denitrification, returns N to
the atmosphere in various forms, primarily N,.
In addition, denitrification produces the green-
house gas nitrous oxide.

The human impact on the nitrogen cycle

The modest capability of natural ecosystems
to drive the N cycle constituted a major hurdle
in satisfying the food needs of growing popu-
lations (Galloway et al, 2004). The historical
increases of legume, rice and soybean cultiva-
tion increased N fixation, but the needs of large
populations could only be met after the invention
of the Haber-Bosch process in the first decade of
the twentieth century, to transform N; into min-
eral fertilizers (see section on feed sourcing).

In view of the modest natural cycling intensity,
additions of chemical N fertilizers had dramatic
effects. It has been estimated that humans have
already doubled the natural rate of nitrogen
entering the land-based nitrogen cycle and this
rate is continuing to grow (Vitousek et al., 1997).
Synthetic fertilizers now provide about 40 per-
cent of all the nitrogen taken up by crops (Smil,
2001). Unfortunately crop, and especially animal,
production uses this additional resource at a
rather low efficiency of about 50 percent. The
rest is estimated to enter the so-called nitrogen
cascade (Galloway et al., 2003) and is transport-
ed downstream or downwind where the nitrogen
can have a sequence of effects on ecosystems
and people. Excessive nitrogen additions can
pollute ecosystems and alter both their ecologi-
cal functioning and the living communities they
support.

What poses a problem to the atmosphere is

that human intervention in the nitrogen cycle
has changed the balance of N species in the
atmosphere and other reservoirs. Non-reactive
molecular nitrogen is neither a greenhouse gas
nor an air polluter. However, human activities
return much of it in the form of reactive nitrogen
species which either is a greenhouse gas or an
air polluter. Nitrous oxide is very persistent in
the atmosphere where it may last for up to 150
years. In addition to its role in global warm-
ing, N,O is also involved in the depletion of the
ozone layer, which protects the biosphere from
the harmful effects of solar ultraviolet radiation
(Bolin et al., 1981). Doubling the concentration of
N,0 in the atmosphere would result in an esti-
mated 10 percent decrease in the ozone layer,
which in turn would increase the ultraviolet
radiation reaching the earth by 20 percent.

The atmospheric concentration of nitrous
oxide has steadily increased since the begin-
ning of the industrial era and is now 16 percent
(46 ppb) larger than in 1750 (IPCC, 2001b).
Natural sources of N,O are estimated to emit
approximately 10 million tonnes N/yr, with soils
contributing about 65 percent and oceans about
30 percent. According to recent estimates, N,0
emissions from anthropogenic sources (agri-
culture, biomass burning, industrial activities
and livestock management) amount to approxi-
mately 7-8 million tonnes N/yr (van Aardenne
et al., 2001; Mosier et al., 2004). According to
these estimates, 70 percent of this results from
agriculture, both crop and livestock production.
Anthropogenic NO emissions also increased
substantially. Although it is not a greenhouse gas
(and, therefore, is not further considered in this
section), NO is involved in the formation process
of ozone, which is a greenhouse gas.

Though quickly re-deposited (hours to days],
annual atmospheric emissions of air-polluting
ammonia (NH3) increased from some 18.8 mil-
lion tonnes N at the end of the 19th century to
about 56.7 million tonnes in the early 1990s.
They are projected to rise to 116 million tonnes
N/yr by 2050, giving rise to considerable air pol-
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lution in a number of world regions (Galloway et
al., 2004). This would be almost entirely caused
by food production and particularly by animal
manure.

Besides increased fertilizer use and agricul-
tural nitrogen fixation, the enhanced N,0 emis-
sions from agricultural and natural ecosystems
are also caused by increasing N deposition
(mainly of ammonia). Whereas terrestrial eco-
systems in the northern hemisphere are limited
by nitrogen, tropical ecosystems, currently an
important source of N,O (and NOJ, are often
limited by phosphorus. Nitrogen fertilizer inputs
into these phosphorus-limited ecosystems gen-
erate NO and N,0 fluxes that are 10 to 100 times
greater than the same fertilizer addition to N-
limited ecosystems (Hall and Matson, 1999).

Soil N,0 emissions are also regulated by
temperature and soil moisture and so are like-
ly to respond to climate changes (Frolking et
al., 1998). In fact, chemical processes involving
nitrous oxides are extremely complex (Mosier et
al., 2004). Nitrification - the oxidation of ammo-
nia to nitrite and then nitrate - occurs in essen-
tially all terrestrial, aquatic and sedimentary
ecosystems and is accomplished by specialized
bacteria. Denitrification, the microbial reduction
of nitrate or nitrite to gaseous nitrogen with NO
and N,0 as intermediate reduction compounds,
is performed by a diverse and also widely distrib-
uted group of aerobic, heterotrophic bacteria.

The main use of ammonia today is in fertil-
izers, produced from non-reactive molecular
nitrogen, part of which directly volatilizes. The
largest atmospheric ammonia emission overall
comes from the decay of organic matter in soils.
The quantity of ammonia that actually escapes
from soils into the atmosphere is uncertain; but
is estimated at around 50 million tonnes per
year (Chameides and Perdue, 1997). As much as
23 million tonnes N of ammonia are produced
each year by domesticated animals, while wild
animals contribute roughly 3 million tonnes N/yr
and human waste adds 2 million tonnes N/yr.
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Ammonia dissolves easily in water, and is very
reactive with acid compounds. Therefore, once in
the atmosphere, ammonia is absorbed by water
and reacts with acids to form salts. These salts
are deposited again on the soil within hours to
days (Galloway et al., 2003) and they in turn can
have an impact on ecosystems.

3.3.1 Nitrogen emissions from feed-related
fertilizer

The estimated global NH; volatilization loss
from synthetic N fertilizer use in the mid-1990s
totalled about 11 million tonnes N per year. Of
this 0.27 million tonnes emanated from fertil-
ized grasslands, 8.7 million tonnes from rainfed
crops and 2.3 million tonnes from wetland rice
(FAO/IFA, 2001), estimating emissions in 1995).
Most of this occurs in the developing countries
(8.6 million tonnes NJ, nearly half of which
in China. Average N losses as ammonia from
synthetic fertilizer use is more than twice as
high (18 percent] in developing countries than in
developed and transition countries (7 percent).
Most of this difference in loss rates is resulting
from higher temperatures and the dominant
use of urea and ammonium bicarbonate in the
developing world.

In developing countries about 50 percent of
the nitrogen fertilizer used is in the form of urea
(FAO/IFA, 2001). Bouwman et al. (1997) estimate
that NH3 emission losses from urea may be 25
percent in tropical regions and 15 percent in
temperate climates. In addition, NH; emissions
may be higher in wetland rice cultivation than
in dryland fields. In China, 40-50 percent of the
nitrogen fertilizer used is in the form of ammoni-
um bicarbonate, which is highly volatile. The NH3
loss from ammonium bicarbonate may be 30
percent on average in the tropics and 20 percent
in temperate zones. By contrast, the NHj; loss
from injected anhydrous ammonia, widely used
in the United States, is only 4 percent (Bouwman
etal, 1997).

What share of direct emissions from fertilizer
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can we attribute to livestock? As we have seen,
a large share of the world’s crop production is
fed to animals and mineral fertilizer is applied to
much of the corresponding cropland. Intensively
managed grasslands also receive a significant
portion of mineral fertilizer. In Section 3.2.1
we estimated that 20 to 25 percent of mineral
fertilizer use (about 20 million tonnes NJ can
be ascribed to feed production for the livestock
sector. Assuming that the low loss rates of an
important “fertilizer for feed” user such as the
United States is compensated by high loss rates
in South and East Asia, the average mineral fer-
tilizer NH; volatilization loss rate of 14 percent
(FAO/IFA, 2001) can be applied. On this basis,
livestock production can be considered respon-
sible for a global NH; volatilization from mineral
fertilizer of 3.1 million tonnes NH3-N (tonnes of
nitrogen in ammonia form) per year.

Turning now to N0, the level of emissions
from mineral N fertilizer application depends
on the mode and timing of fertilizer applica-
tion. N,O emissions for major world regions can
be estimated using the FAO/IFA (2001) model.
Nitrous oxide emissions amount to 1.25 + 1
percent of the nitrogen applied. This estimate is
the average for all fertilizer types, as proposed
by Bouwman (1995) and adopted by IPCC (1997).
Emission rates also vary from one fertilizer
type to another. The FAO/IFA (2001) calculations
result in a mineral fertilizer N,O-N loss rate of
1 percent. Under the same assumptions as for
NH; above, livestock production can be consid-
ered responsible for a global N,O emission from
mineral fertilizer of 0.2 million tonne N,0-N per
year.

There is also N,O emission from leguminous
feedcrops, even though they do not generally
receive N fertilizer because the rhizobia in their
root nodules fix nitrogen that can be used by
the plant. Studies have demonstrated that such
crops show N,0 emissions of the same level as
those of fertilized non-leguminous crops. Con-
sidering the world area of soybean and pulses,

and the share of production used for feed, gives
a total of some 75 million hectares in 2002 (FAO,
2006b). This would amount to another 0.2 mil-
lion tonnes of N,O-N per year. Adding alfalfa and
clovers would probably about double this figure,
although there are no global estimates of their
cultivated areas. Russelle and Birr (2004) for
example show that soybean and alfalfa together
harvest some 2.9 million tonne of fixed N in
the Mississippi River Basin, with the N; fixation
rate of alfalfa being nearly twice as high as that
of soybean [(see also a review in Smil, 1999). It
seems therefore probable that livestock produc-
tion can be considered responsible for a total
N,0-N emission from soils under leguminous
crops exceeding 0.5 million tonnes per year and
a total emission from feedcropping exceeding 0.7
million tonne N,0-N.

3.3.2 Emissions from aquatic sources
following chemical fertilizer use

The above direct cropland emissions represent
some 10 to 15 percent of the anthropogenic,
added reactive N (mineral fertilizer and cultiva-
tion-induced biological nitrogen fixation - BNF).
Unfortunately, a very large share of the remain-
ing N is not incorporated in the harvested plant
tissue nor stored in the soil. Net changes in the
organically bound nitrogen pool of the world's
agricultural soils are very small and may be
positive or negative (plus or minus 4 million
tonnes N, see Smil, 1999). Soils in some regions
have significant gains whereas poorly managed
soils in other regions suffer large losses.

As Von Liebig noted back in 1840 (cited in Smil,
2002) one of agriculture’s main objectives is to
produce digestible N, so cropping aims to accu-
mulate as much N as possible in the harvested
product. But even modern agriculture involves
substantial losses - N efficiency in global crop
production is estimated to be only 50 or 60 per-
cent (Smil, 1999; van der Hoek, 1998). Rework-
ing these estimates to express efficiency as the
amount of N harvested from the world’s cropland
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with respect to the annual N input,'® results in an
even lower efficiency of some 40 percent.

This result is affected by animal manure, which
has a relatively high loss rate as compared to
mineral fertilizer (see following section). Mineral
fertilizer is more completely absorbed, depend-
ing on the fertilizer application rate and the type
of mineral fertilizer. The most efficient combina-
tion reported absorbed nearly 70 percent. Min-
eral fertilizer absorption is typically somewhat
above 50 percent in Europe, while the rates for
Asian rice are 30 to 35 percent (Smil, 1999).

The rest of the N is lost. Most of the N losses
are not directly emitted to the atmosphere, but
enter the N cascade through water. The share of
losses originating from fertilized cropland is not
easily identified. Smil (1999) attempted to derive
a global estimate of N losses from fertilized
cropland. He estimates that globally, in the mid-
1990, some 37 million tonnes N were exported
from cropland through nitrate leaching (17 mil-
lion tonnes N) and soil erosion (20 tonnes NJ. In
addition, a fraction of the volatilized ammonia
from mineral fertilizer N (11 million tonnes N
yr -} finally also reaches the surface waters after
deposition (some 3 million tonnes N yr-'].

This N is gradually denitrified in subsequent
reservoirs of the nitrogen cascade (Galloway et
al., 2003). The resulting enrichment of aquatic

9Crop production, as defined by van der Hoek, includes pas-
tures and grass. Reducing inputs and outputs of the N bal-
ance to reflect only the cropland balance (animal manure N
down to 20 million tonnes N as in FAOQ/IFA, 2001; Smil, 1999,
and removing the consumed grass N output] results in a crop
product assimilation efficiency of 38 percent. Smil's definition
of cropland N recovery rates is less broad, but it does include
forage crops. Forage crops contain many leguminous spe-
cies and, therefore, improve the overall efficiency. Removing
them from the balance appears to have only a minor effect.
Though, Smil expresses recovery as the N contained in the
entire plant tissue. A substantial part of this is not harvested
(he estimates crop residues to contain 25 million tonnes N):
some of this is lost upon decomposition after crop harvest
and some (14 million tonnes N) re-enters the following crop-
ping cycle. Removing crop residues from the balance gives a
harvested crop N recovery efficiency of 60/155 million tonnes
N= 38 percent.
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ecosystems with reactive N results in emissions
not only of Ny, but also nitrous oxide. Galloway et
al. (2004) estimate the total anthropogenic N,0
emission from aquatic reservoirs to equal some
1.5 million tonnes N, originating from a total of
some 59 million tonnes N transported to inland
waters and coastal areas. Feed and forage pro-
duction induces a loss of N to aquatic sources of
some 8 to 10 million tonnes yr™' if one assumes
such losses to be in line with N-fertilization
shares of feed and forage production (some
20-25 percent of the world total, see carbon sec-
tion). Applying the overall rate of anthropogenic
aquatic N,O emissions (1.5/59) to the livestock
induced mineral fertilizer N loss to aquatic
reservoirs results in a livestock induced emis-
sions from aquatic sources of around 0.2 million
tonnes N N,0.

3.3.3 Wasting of nitrogen in the livestock
production chain

The efficiency of N assimilation by crops leaves
much to be desired. To a large extent this low
efficiency is owing to management factors, such
as the often excessive quantity of fertilizers
applied, as well as the form and timing of appli-
cations. Optimizing these parameters can result
in an efficiency level as high as 70 percent. The
remaining 30 percent can be viewed as inherent
(unavoidable]) loss.

The efficiency of N assimilation by livestock is
even lower. There are two essential differences
between N in animal production and N in crop
N use the:

e overall assimilation efficiency is much lower;
and

e wasting induced by non-optimal inputs is
generally lower.

As a result the inherent N assimilation effi-
ciency of animal products is low leading to high
N wasting under all circumstances.

N enters livestock through feed. Animal feeds
contain 10 to 40 grams of N per kilogram of dry
matter. Various estimates show livestock’s low
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efficiency in assimilating N from feed. Aggregat-
ing all livestock species, Smil (1999) estimated
that in the mid-1990s livestock excreted some
75 million tonnes N. Van der Hoek (1998] esti-
mates that globally livestock products contained
some 12 million tonnes N in 1994. These figures
suggest an underlying assimilation efficiency of
only 14 percent. Considering only crop-fed ani-
mal production, Smil (2002) calculated a similar
average efficiency of 15 percent (33 million
tonnes N from feed, forage and residues pro-
ducing 5 million tonnes of animal food N]. NRC
(2003) estimated the United States Llivestock
sector’'s N assimilation efficiency also at 15
percent (0.9 over 5.9 million tonne NJ. According
to the IPCC (1997), the retention of nitrogen in
animal products, i.e., milk, meat, wool and eggs,
generally ranges from about 5 to 20 percent of
the total nitrogen intake. This apparent homo-
geneity of estimations may well hide different
causes such as low feed quality in semi-arid
grazing systems and excessively N-rich diets in
intensive systems.

Efficiencyvaries considerably between different
animal species and products. According to esti-
mates by Van der Hoek (1998) global N efficiency
is around 20 percent for pigs and 34 percent for
poultry. For the United States, Smil (2002) cal-
culated the protein conversion efficiency of dairy
products at 40 percent, while that of beef cattle is
only 5 percent. The low N efficiency of cattle on
a global scale is partly inherent, given they are
large animals with long gestation periods and a
high basal metabolic rate. But the global cattle
herd also comprises a large draught animal
population whose task is to provide energy, not
protein. For example, a decade ago cattle and
horses still accounted for 25 percent of China’s
agricultural energy consumption (Mengjie and
Yi, 1996). In addition, in many areas of the world,
grazing animals are fed at bare maintenance
level, consuming without producing much.

As a result, a huge amount of N is returned
to the environment through animal excretions.
However, not all this excreted N is wasted. When

used as organic fertilizer, or directly deposited
on grassland or crop fields, some of the reac-
tive N re-enters the crop production cycle. This
is particularly the case for ruminants, therefore,
their contribution to overall N loss to the envi-
ronment is less than their contribution to N in
animal waste. Smil (2002) also noted that “this
(ruminant assimilation: ed.) inefficiency is irrel-
evant in broader N terms as long as the animals
(ruminants: ed.) are totally grass-fed, or raised
primarily on crop and food processing residues
(ranging from straw to bran and from oilseed
cakes to grapefruit rinds) that are indigestible
or unpalatable for non-ruminant species. Such
cattle feeding calls for no, or minimal - because
some pastures are fertilized - additional inputs
of fertilizer-N. Any society that would put a pre-
mium on reducing N losses in agro-ecosystems
would thus produce only those two kinds of beef.
In contrast, beef production has the greatest
impact on overall N use when the animals are fed
only concentrates, which are typically mixtures of
cereal grains (mostly corn) and soybeans”.

Significant emissions of greenhouse gases to
the atmosphere do arise from losses of N from
animal waste that contain large amounts of N and
have a chemical composition which induces very
high loss rates. For sheep and cattle, faecal excre-
tion is usually about 8 grams of N per kilogram of
dry matter consumed, regardless of the nitrogen
content of the feed (Barrow and Lambourne,
1962). The remainder of the nitrogen is excreted
in the urine, and as the nitrogen content of the
diet increases, so does the proportion of nitrogen
in the urine. In animal production systems where
the animal intake of nitrogen is high, more than
half of the nitrogen is excreted as urine.

Losses from manure occur at different stages:
during storage; shortly after application or direct
deposition to land and losses at later stages.

3.3.4 Nitrogen emissions from stored
manure

During storage (including the preceding excre-
tion in animal houses) the organically bound
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nitrogen in faeces and urine starts to mineralize
to NH3/NH,*, providing the substrate for nitrifiers
and denitrifiers (and hence, eventual production
of N,0). For the most part, these excreted N
compounds mineralize rapidly. In urine, typically
over 70 percent of the nitrogen is present as urea
(IPCC, 1997). Uric acid is the dominant nitrogen
compound in poultry excretions. The hydrolysis
of both urea and uric acid to NHs/NH,* is very
rapid in urine patches.

Considering first N,O emissions, generally
only a very small portion of the total nitrogen
excreted is converted to N,O during handling
and storage of managed waste. As stated above,
the waste composition determines its potential
mineralization rate, while the actual magni-
tude of N,O emissions depend on environmental
conditions. For N,0 emissions to occur, the
waste must first be handled aerobically, allowing
ammonia or organic nitrogen to be converted to
nitrates and nitrites (nitrification). It must then
be handled anaerobically, allowing the nitrates
and nitrites to be reduced to N,, with interme-
diate production of N,O and nitric oxide (NO)
(denitrification). These emissions are most likely
to occur in dry waste-handling systems, which
have aerobic conditions, and contain pockets of
anaerobic conditions owing to saturation. For
example, waste in dry lots is deposited on soil,
where it is oxidized to nitrite and nitrate, and has
the potential to encounter saturated conditions.
There is an antagonism between emission risks
of methane versus nitrous oxide for the different
waste storage pathways - trying to reduce meth-
ane emissions may well increase those of N,0.

The amount of N,0 released during storage
and treatment of animal wastes depends on
the system and duration of waste management
and the temperature. Unfortunately, there is
not enough quantitative data to establish a rela-
tionship between the degree of aeration and
N,O emission from slurry during storage and
treatment. Moreover, there is a wide range of
estimates for the losses. When expressed in N,0
N/kg nitrogen in the waste (i.e. the share of N
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in waste emitted to the atmosphere as nitrous
oxide), losses from animal waste during stor-
age range from less than 0.0001 kg N,O N/kg
N for slurries to more than 0.15 kg N,0 N/kg
nitrogen in the pig waste of deep-litter stables.
Any estimation of global manure emission needs
to consider these uncertainties. Expert judge-
ment, based on existing manure management in
different systems and world regions, combined
with default IPCC emission factors (Box 3.3),"
suggests N,O0 emissions from stored manure
equivalent to 0.7 million tonnes N yr-'.

Turning to ammonia, rapid degradation of
urea and uric acid to ammonium leads to very
significant N losses through volatilization dur-
ing storage and treatment of manure. While
actual emissions are subject to many factors,
particularly the manure management system
and ambient temperature, most of the NH; N
volatilizes during storage [typically about one-
third of initially voided NJ, and before application
or discharge. Smil (1999) (Galloway et al., 2003
used Smil's paper for estimate) estimate that
globally about 10 million tonnes of NH; N were
lost to the atmosphere from confined animal
feeding operations in the mid 1990s. Although,
only a part of all collected manure originates
from industrial systems.

On the basis of the animal population in indus-
trial systems (Chapter 2J, and their estimated
manure production (IPCC, 1997), the current
amount of N in the corresponding animal waste
can be estimated at 10 million tonnes, and the
corresponding NHj volatilization from stored
manure at 2 million tonnes N.

Thus, volatilization losses during animal waste

""See also Annex 3.3. Regional livestock experts provided
information on the relative importance of different waste
management systems in each of the region’s production
systems through a questionnaire. On the basis of this infor-
mation, waste management and gaseous emission experts
from the Recycling of Agricultural, Municipal and Indus-
trial Residues in Agriculture Network (RAMIRAN; available
at www.ramiran.net) estimated region and system specific
emissions.
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management are not far from those from current
synthetic N fertilizer use. On the one hand, this
nitrogen loss reduces emissions from manure
once applied to fields; on the other, it gives rise
to nitrous oxide emissions further down the
“nitrogen cascade.”

3.3.5 Nitrogen emissions from applied or
deposited manure

Excreta freshly deposited on land (either applied
by mechanical spreading or direct deposition
by the livestock] have high nitrogen loss rates,
resulting in substantial ammonia volatiliza-
tion. Wide variations in the quality of forages
consumed by ruminants and in environmental
conditions make N emissions from manure on
pastures difficult to quantify. FAO/IFA (2001)
estimate the N loss via NHj; volatilization from
animal manure, after application, to be 23 per-
cent worldwide. Smil (1999) estimates this loss
to be at least 15-20 percent.

The IPCC proposes a standard N loss fraction
from ammonia volatilization of 20 percent, with-
out differentiating between applied and directly
deposited manure. Considering the substantial
N loss from volatilization during storage (see
preceding section) the total ammonia volatil-
ization following excretion can be estimated at
around 40 percent. It seems reasonable to apply
this rate to directly deposited manure (maxi-
mum of 60 percent or even 70 percent have been
recorded], supposing that the lower share of N in
urine in tropical land-based systems is compen-
sated by the higher temperature. We estimate
that in the mid-1990s around 30 million tonnes
of N was directly deposited on land by animals in
the more extensive systems, producing an NH;
volatilization loss of some 12 million tonnes N."?

"2From the estimated total of 75 million tonnes N excreted by
livestock we deduce that 33 million tonnes were applied to
intensively used grassland, upland crops and wetland rice
(FAO/IFA, 2001) and there were 10 million tonnes of ammo-
nia losses during storage. Use of animal manure as fuel is
ignored.

Added to this, according to FAO/IFA (2001) the
post application loss of managed animal manure
was about 8 million tonnes N, resulting in a
total ammonia volatilization N loss from animal
manure on land of around 20 million tonnes N.

These figures have increased over the past
decade. Even following the very conservative
IPCC ammonia volatilization loss fraction of 20
percent and subtracting manure used as for fuel
results in an estimated NH; volatilization loss
following manure application/deposition of some
25 million tonnes N in 2004.

Turning now to N,0, the soil emissions origi-
nating from the remaining external nitrogen
input (after subtraction of ammonia volatiliza-
tion) depend on a variety of factors, particularly
soil water filled pore space, organic carbon avail-
ability, pH, soil temperature, plant/crop uptake
rate and rainfall characteristics (Mosier et al.,
2004). However, because of the complex inter-
action and the highly uncertain resulting N,0
flux, the revised IPCC guidelines are based on N
inputs only, and do not consider soil character-
istics. Despite this uncertainty, manure-induced
soil emissions are clearly the largest livestock
source of N,O worldwide. Emission fluxes from
animal grazing (unmanaged waste, direct emis-
sion) and from the use of animal waste as fertil-
izer on cropland are of a comparable magni-
tude. The grazing-derived N,0 emissions are in
the range of 0.002-0.098 kg N,0-N/kg nitrogen
excreted, whereas the default emission fac-
tor used for fertilizer use is set at 0.0125 kg
N,0-N/kg nitrogen. Nearly all data pertain to
temperate areas and to intensively managed
grasslands. Here, the nitrogen content of dung,
and especially urine, are higher than from less
intensively managed grasslands in the tropics
or subtropics. It is not known to what extent this
compensates for the enhanced emissions in the
more phosphorus-limited tropical ecosystems.

Emissions from applied manure must be cal-
culated separately from emissions from waste
excreted by animals. The FAO/IFA study (2001)
estimates the N,0 loss rate from applied manure
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Box 3.3 A new assessment of nitrous oxide emissions from manure by production system,

species and region

The global figures we have cited demonstrate the
importance of nitrous oxide emissions from animal
production. However, to set priorities in addressing
the problem, we need a more detailed understand-
ing of the origin of these emissions, by evaluating
the contribution of different production systems,
species and world regions to the global totals.

Our assessment, detailed below, is based on
current livestock data and results in a much
higher estimate than most recent literature, which
is based on data from the mid-1990s. The live-
stock sector has evolved substantially over the
last decade. We estimate a global N excretion of
some 135 million tonnes per year, whereas recent
literature (e.g. Galloway et al., 2003) still cites an
estimate of 75 million tonnes yr' derived from
mid-1990s data.

Table 3.11

Our estimates of N,0 emissions from manure
and soils are the result of combining current live-
stock production and population data (Groenewold,
2005) with the IPCC methodology (IPCC, 1997).
Deriving N,0 emissions from manure management
requires a knowledge of:

e N excretion by livestock type,

e the fraction of manure handled in each of the
different manure management systems, and

e an emission factor (per kg N excreted) for each
of the manure management systems.

The results are summed for each livestock spe-
cies within a world region/production system (see
Chapter 2] and multiplied by N excretion for that
livestock type to derive the emission factor for N,0
per head.

Estimated total N,O emission from animal excreta in 2004

N,0 emissions from manure management, after application/deposition

on soil and direct emissions

Region/country Dairy cattle Other cattle Buffalo Sheep and goats Pigs Poultry Total
[. million tonnes per year ]

Sub-Saharan Africa 0.06 0.21 0.00 0.13 0.01 0.02 0.43
Asia excluding China and India 0.02 0.14 0.06 0.05 0.03 0.05 0.36
India 0.03 0.15 0.06 0.05 0.01 0.01 0.32
China 0.01 0.14 0.03 0.10 0.19 0.10 0.58
Central and South America 0.08 0.41 0.00 0.04 0.04 0.05 0.61
West Asia and North Africa 0.02 0.03 0.00 0.09 0.00 0.03 0.17
North America 0.03 0.20 0.00 0.00 0.04 0.04 0.30
Western Europe 0.06 0.14 0.00 0.07 0.07 0.03 0.36
Oceania and Japan 0.02 0.08 0.00 0.09 0.01 0.01 0.21
Eastern Europe and CIS 0.08 0.10 0.00 0.03 0.04 0.02 0.28
Other developed 0.00 0.03 0.00 0.02 0.00 0.00 0.06
Total 0.41 1.64 0.17 0.68 0.44 0.36 3.69
Livestock Production System

Grazing 0.1 0.54 0.00 0.25 0.00 0.00 0.90
Mixed 0.30 1.02 0.17 0.43 0.33 0.27 2252
Industrial 0.00 0.08 0.00 0.00 0.1 0.09 0.27

Source: Own calculations.
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Box 3.3 (cont.)

Direct emissions resulting from manure applica-
tions (and grazing deposits) to soils were derived
using the default emission factor for N applied
to land (0.0125 kg N,0-N/kg N). To estimate the
amount of N applied to land, N excretion per live-
stock type was reduced allowing for the estimated
fraction lost as ammonia and/or nitrogen oxides
during housing and storage, the fraction deposited
directly by grazing livestock, and the fraction used
as fuel.

The results of these calculations (Table 3.11)
show that emissions originating from animal
manure are much higher than any other N,0O emis-

sions caused by the livestock sector. In both exten-

sive and intensive systems emissions from manure
are dominated by soil emissions. Among soil emis-
sions, emissions from manure management are
more important. The influence of the character-
istics of different production systems is rather
limited. The strong domination of N,O emissions
by mixed livestock production systems is related
in a rather linear way to the relative numbers of
the corresponding animals. Large ruminants are
responsible for about half the total N,O emissions
from manure.

Map 33 (Annex 1) presents the distribution
among the world regions of the N,0 emissions of

the different production systems.

at 0.6 percent,’ i.e. lower than most mineral N
fertilizers, resulting in an animal manure soil
N0 loss in the mid 1990s of 0.2 million tonnes N.
Following the IPCC methodology would increase
this to 0.3 million tonnes N.

Regarding animal waste excreted in pastures,
dung containing approximately 30 million tonnes
N was deposited on land in the more extensive
systems in the mid-1990s. Applying the IPCC
“overall reasonable average emission factor”
(0.02 kg N,0-N/kg of nitrogen excreted) to this
total results in an animal manure soil N,0
loss of 0.6 million tonne N, making a total N,0
emission of about 0.9 million tonnes N in the
mid-1990s.

Applying the IPCC methodology to the current
estimate of livestock production system and
animal numbers results in an overall “direct”
animal manure soil N,O loss totalling 1.7 mil-
lion tonnes N per year. Of this, 0.6 million tonnes
derive from grazing systems, 1.0 million tonnes

BExpressed as a share of the initially applied amount, without
deduction of the on-site ammonia volatilization, which may
explain why the IPCC default is higher.

from mixed and 0.1 million tonnes from indus-
trial production systems (see Box 3.3).

3.3.6 Emissions following manure

nitrogen losses after application and
direct deposition

In the mid-1990s, after losses to the atmosphere
during storage and following application and
direct deposition, some 25 million tonnes of
nitrogen from animal manure remained available
per year for plant uptake in the world’'s crop-
lands and intensively used grasslands. Uptake
depends on the ground cover: legume/grass
mixtures can take up large amount of added N,
whereas loss from row crops' is generally sub-
stantial, and losses from bare/ploughed soil are
much higher still.

If we suppose that N losses in grassland,
through leaching and erosion, are negligible,
and apply the crop N use efficiency of 40 percent
to the remainder of animal manure N applied

4Agricultural crops, such as corn and soybeans, that are
grown in rows.
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to cropland,’ then we are left with some 9 or
10 million tonnes N that mostly entered the N
cascade through water in the mid-1990s. Apply-
ing the N,0 loss rate for subsequent N,O emis-
sion (Section 3.3.2) gives us an estimate of an
additional emission of some 0.2 million tonne N
N,0 from this channel. N,O emissions of similar
size can be expected to have resulted from the
re-deposited fraction of the volatilized NH3 from
manure that reached the aquatic reservoirs in
the mid-1990s."® Total N,O emissions follow-
ing N losses would, therefore, have been in the
order of 0.30.4 million tonnes N N,0 per year in
that period.

We have updated these figures for the current
livestock production system estimates, using
the IPCC methodology for indirect emissions.
The current overall “indirect” animal manure
N,0 emission following volatilization and leach-
ing would then total around 1.3 million tonnes
N per year. However, this methodology is beset
with high uncertainties, and may lead to an
overestimation because manure during grazing
is considered. The majority of N,O emissions, or
about 0.9 million tonnes N, would still originate
from mixed systems.

3.4 Summary of livestock’s impact
Overall, livestock activities contribute an esti-
mated 18 percent to total anthropogenic green-
house gas emissions from the five major sectors
for greenhouse gas reporting: energy, industry,
waste, land use, land use change and forestry
(LULUCF) and agriculture.

Considering the last two sectors only, livestock’s
share is over 50 percent. For the agriculture sec-
tor alone, livestock constitute nearly 80 percent of
all emissions. Table 3.12 summarizes livestock’s

"SFAO/IFA (2001) data on animal manure application to crop-
land, diminished by the FAO/IFA N volatilization and emission
estimates.

e Applying the same N,0 loss rate for subsequent emission to
the roughly 6 million tonnes N reaching the aquatic reser-
voirs out of the total of 22 million tonnes manure N volatilized
as NHj in the mid-1990s according to the literature.
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overall impact on climate change by: major gas,
source and type of production system.

Here we will summarize the impact for the
three major greenhouse gases.

Carbon dioxide

Livestock account for 9 percent of global
anthropogenic emissions

When deforestation for pasture and feedcrop
land, and pasture degradation are taken into
account, livestock-related emissions of carbon
dioxide are an important component of the glob-
al total (some 9 percent). However, as can be
seen from the many assumptions made in pre-
ceding sections, these totals have a considerable
degree of uncertainty. LULUCF sector emissions
in particular are extremely difficult to quantify
and the values reported to the UNFCCC for this
sector are known to be of low reliability. This
sector is therefore often omitted in emissions
reporting, although its share is thought to be
important.

Although small by comparison to LULUCF,
the livestock food chain is becoming more fos-
sil fuel intensive, which will increase carbon
dioxide emissions from livestock production. As
ruminant production (based on traditional local
feed resources] shifts to intensive monogastrics
(based on food transported over long distances),
there is a corresponding shift away from solar
energy harnessed by photosynthesis, to fossil
fuels.

Methane
Livestock account for 35-40 percent of global
anthropogenic emissions
The leading role of livestock, in methane emis-
sions, has long been a well-established fact.
Together, enteric fermentation and manure rep-
resent some 80 percent of agricultural methane
emissions and about 35-40 percent of the total
anthropogenic methane emissions.

With the decline of ruminant livestock in rela-
tive terms, and the overall trend towards higher
productivity in ruminant production, it is unlikely
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Table 3.12
Role of livestock in carbon dioxide, methane and nitrous oxide emissions
Gas Source Mainly Mainly Percentage
related to related to contribution
extensive intensive to total
systems systems animal food

(10° tonnes CO; eq.) (107 tonnes CO; eq.) GHG emissions

Co, Total anthropogenic CO, emissions 24 (~31)
Total from livestock activities ~0.16 (~2.7)
N fertilizer production 0.04 0.6
on farm fossil fuel, feed ~0.06 0.8
on farm fossil fuel, livestock-related ~0.03 0.4
deforestation (~1.7) (~0.7) 34
cultivated soils, tillage (~0.02) 0.3
cultivated soils, liming (~0.01) 0.1
desertification of pasture (~0.1) 1.4
processing 0.01 - 0.05 0.4
transport ~0.001

CH, Total anthropogenic CH, emissions 5.9
Total from livestock activities 2.2
enteric fermentation 1.6 0.20 25
manure management 0.17 0.20 5.2

N,0 Total anthropogenic N,0 emissions 3.4
Total from livestock activities 2.2
N fertilizer application ~0.1 1.4
indirect fertilizer emission ~0.1 1.4
leguminous feed cropping ~0.2 2.8
manure management 0.24 0.09 4.6
manure application/deposition 0.67 0.17 12
indirect manure emission ~0.48 ~0.14 8.7

Grand total of anthropogenic emissions 33 (~40)

Total emissions from livestock activities ~4.6(~7.1)

Total extensive vs. intensive livestock system emissions 3.2 (~5.0) 1.4 (~2.1)

Percentage of total anthropogenic emissions 10 (~13%) 4 (~5%)

Note: All values are expressed in billion tonnes of CO, equivalent; values between brackets are or include emission from the land use,
land-use change and forestry category; relatively imprecise estimates are preceded by a tilde.

Global totals from CAIT, WRI, accessed 02/06. Only CO,, CH, and N,0 emissions are considered in the total greenhouse gas emis-
sion.

Based on the analyses in this chapter, livestock emissions are attributed to the sides of the production system continuum (from
extensive to intensive/industrial] from which they originate.
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that the importance of enteric fermentation will
increase further. However, methane emissions
from animal manure, although much lower in
absolute terms, are considerable and growing
rapidly.

Nitrous oxide

Livestock account for 65 percent of global
anthropogenic emissions

Livestock activities contribute substantially to
the emission of nitrous oxide, the most potent
of the three major greenhouse gases. They con-
tribute almost two-thirds of all anthropogenic
N20 emissions, and 75-80 percent of agricul-
tural emissions. Current trends suggest that this
level will substantially increase over the coming
decades.

Ammonia

Livestock account for é4 percent of global
anthropogenic emissions

Global anthropogenic atmospheric emission of
ammonia has recently been estimated at some
47 million tonnes N (Galloway et al., 2004). Some
94 percent of this is produced by the agricultural
sector. The livestock sector contributes about
68 percent of the agriculture share, mainly from
deposited and applied manure.

The resulting air and environmental pollution
(mainly eutrophication, also odour) is more a
local or regional environmental problem than a
global one. Indeed, similar levels of N deposi-
tions can have substantially different environ-
mental effects depending on the type of eco-
system they affect. The modelled distribution of
atmospheric N deposition levels (Figure 3.3 are
a better indication of the environmental impact
than the global figures. The distribution shows a
strong and clear co-incidence with intensive live-
stock production areas (compare with Map 13).

The figures presented are estimates for the
overall global-level greenhouse gas emissions.
However, they do not describe the entire issue
of livestock-induced change. To assist decision-
making, the level and nature of emissions need
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to be understood in a local context. In Brazil, for
example, carbon dioxide emissions from land-
use change (forest conversion and soil organic
matter loss) are reported to be much higher
than emissions from the energy sector. At the
same time, methane emissions from enteric fer-
mentation strongly dominate the country’s total
methane emission, owing to the extensive beef
cattle population. For this same reason pasture
soils produce the highest nitrous oxide emissions
in Brazil, with an increasing contribution from
manure. If livestock’s role in land-use change is
included, the contribution of the livestock sector
to the total greenhouse gas emission of this very
large country can be estimated to be as high as
60 percent, i.e. much higher than the 18 percent
at world level (Table 3.12).

3.5 Mitigation options

Just as the livestock sector makes large and
multiple contributions to climate change and
air pollution, so there are multiple and effective
options for mitigation. Much can be done, but to
get beyond a “business as usual” scenario will
require a strong involvement of public policy.
Most of the options are not cost neutral - simply
enhancing awareness will not lead to widespread
adoption. Moreover, by far the largest share of
emissions come from more extensive systems,
where poor livestock holders often extract mar-
ginal livelihoods from dwindling resources and
lack the funds to invest in change. Change is a
matter of priority and vision, of making short-
term expenses (for compensation or creation of
alternatives) for long-term benefits.

We will examine the policy aspects in Chap-
ter 6. Here we explore the main technical options,
including those for substantially reducing the
major current emissions and those that will cre-
ate or expand substantial sinks.

Globally climate change is strongly associated
with carbon dioxide emissions, which represent
roughly three quarters of the total anthropogenic
emissions. Because the energy sector accounts
for about three-quarters of anthropogenic CO,,
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limited attention has been paid to reducing
emissions of other gases from other sectors. In
a development context, particularly, this is not
justified. While developing countries account for
only 36 percent of CO, emissions, they produce
more than half of N,O and nearly two-thirds of
CH,. It is therefore surprising to see that even in
the case of a large country such as Brazil, most
mitigation efforts focus on the energy sector.

3.5.1 Sequestering carbon and mitigating
C0, emissions

Compared to the amounts of carbon released
from changes in land use and land-degradation,
emissions from the food chain are small. So
for CO, the environmental focus needs to be on

addressing issues of land-use change and land
degradation. Here the livestock sector offers a
significant potential for carbon sequestration,
particularly in the form of improved pastures.

Reducing deforestation by agricultural
intensification

When it comes to land-use change, the chal-
lenge lies in slowing and eventually halting and
reversing deforestation. The still largely uncon-
trolled process urgently needs to be consciously
planned, on the basis of trade-offs between ben-
efits and costs at different spatial and temporal
scales. Amazon deforestation, related to agri-
cultural expansion for livestock, has been dem-
onstrated to contribute substantially to global

115



Livestock’s long shadow

anthropogenic carbon dioxide emissions. The
forecast increase in emissions could be curtailed
if development strategies were implemented to
control frontier expansion and create economic
alternatives (Carvalho et al., 2004).

Creating incentives for forest conservation
and decreased deforestation, in Amazonia and
other tropical areas, can offer a unique oppor-
tunity for climate change mitigation, especially
given the ancillary benefits (see Chapter 6 on
policies) and relative low costs. Any programme
that aims to set aside land for the purpose of
sequestering carbon must do so without threat-
ening food security in the region. Vlek et al
(2004) consider that the only available option to
free up the land necessary for carbon seques-
tration would be intensification of agricultural
production on some of the better lands, for
example by increased fertilizer inputs. They
demonstrate that the increased carbon dioxide
emissions related to the extra fertilizer produc-
tion would be far outweighed by the seques-
tered or avoided emissions of organic carbon
related to deforestation. Increased fertilizer use
though constitutes just one of many options for
intensification. Others include higher-yielding,
better adapted varieties and improved land and
water management. Although rationally attrac-
tive, the “sequestration through intensification”
paradigm may not be effective in all socio-politi-
cal contexts and imposes strong conditions on
the regulatory framework and its enforcement.
Where deforestation occurs, and where it is
accepted, care should be taken to quickly trans-
form the area into a sustainable agricultural
area, for example by implementing practices
like silvo-pastoral systems (see Box 6.2, Chapter
6) and conservation agriculture, thus preventing
irreversible damage.

Restoring soil organic carbon to cultivated soils
The relatively low carbon dioxide emissions from
arable land leave little scope for significant
mitigation. But there is a huge potential for net
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sequestration of carbon in cultivated soils. The
carbon sink capacity of the world’s agricultural
and degraded soils is 50 to 66 percent of the
historic carbon loss from soils of 42 to 78 giga-
tons of carbon (Lal, 2004a). In addition, carbon
sequestration has the potential to enhance food
security and to offset fossil fuel emissions.

Soil processes, with respect to carbon, are
characterized by the dynamic equilibrium of
input (photosynthesis) and output (respiration).
Under conventional cultivation practices, the
conversion of natural systems to cultivated agri-
culture results in losses of soil organic carbon
(SOC) on the order of 20 to 50 percent of the pre-
cultivation stocks in the top one metre (Paustian
et al., 1997; Lal and Bruce, 1999).

Changing environmental conditions and land
management may induce a change in the equi-
librium to a new level that is considered stable.
There are now proven new practices that can
improve soil quality and raise soil organic carbon
levels. The full potential for terrestrial soil car-
bon sequestration is uncertain, because of insuf-
ficient data and understanding of SOC dynamics
at all levels, including molecular, landscape,
regional and global scales (Metting et al., 1999).
According to the IPCC (2000) improved practices
typically allow soil carbon to increase at a rate of
about 0.3 tonnes of carbon per hectare per year.
If these practices were adopted on 60 percent of
the available arable land worldwide, they would
result in a capture of about 270 million tonnes C
per year over the next few decades (Lal, 1997).
It is unclear if this rate is sustainable: research
shows a relatively rapid increase in carbon
sequestration for a period of about 25 years and
a gradual levelling thereafter (Lal et al.,, 1998).

Non-conventional practices can be grouped
into three classes: agricultural intensification,
conservation tillage, and erosion reduction.
Examples of intensifying practices are improved
cultivars, irrigation, organic and inorganic fertil-
ization, management of soil acidity, integrated
pest management, double-cropping, and crop
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rotations including green manure and cover
crops. Increasing crop yields result in more car-
bon accumulated in crop biomass or in an altera-
tion of the harvest index. The higher crop resi-
dues, sometimes associated with higher yields,
favour enhanced soil carbon storage (Paustian
etal, 1997).

IPCC (2000) provides an indication of the “car-
bon gain rate” that can be obtained for some
practices.

Conservation tillage is any tillage and plant-
ing system in which 30 percent, or more, of the
crop residue remains on the soil surface after
planting. Generally it also comprises reduced
mechanical intervention during the cropping
season. Conservation tillage can include specific
tillage types such as no-till, ridge-till, mulch-till,
zone-till, and strip-till systems, chosen by farm-
ers to address soil type, crop grown, machinery
available, and local practice. Although these
systems were originally developed to address
problems of water quality, soil erosion and agri-
cultural sustainability, they also lead to higher
soil organic carbon and increased fuel efficiency
(owing to reduced use of machinery for soil cul-
tivation). Hence, at the same time, they increase
carbon sinks and reduce carbon emissions.

Conservation tillage is achieving widespread
adoption around the world. In 2001, a study
conducted by the American Soybean Association
(ASA) showed that a majority of the 500 000 soy-
bean farmers in the United States had adopted
conservation tillage practices following the intro-
duction of herbicide-resistant soybeans (Nill,
2005). The resulting topsoil carbon increase also
enables the land to absorb increasing amounts
of rainfall, with a corresponding reduction in
runoff and much better drought resistance com-
pared to conventionally tilled soybeans.

The IPCC (2000) estimates that conservation
tillage can sequester 0.1-1.3 tonnes C ha™' y'
globally, and could feasibly be adopted on up to
60 percent of arable lands. These benefits accrue
only if conservation tillage continues: a return

to intensive tillage or mould-board ploughing
can negate or offset any gains and restore the
sequestered carbon to the atmosphere. Soil car-
bon sequestration can be even further increased
when cover crops are used in combination with
conservation tillage.

Similar results have been reported from organ-
ic farming,"” which has evolved since the early
years of the twentieth century. Organic farming
increases soil organic carbon content. Additional
benefits are reported such as reversing of land
degradation, increasing soil fertility and health.
Trials of maize and soybean reported in Vasiliki-
otis (2001) demonstrated that organic systems
can achieve yields comparable to conventional
intensive systems, while also improving long-
term soil fertility and drought resistance.

These improved agriculture practices are also
the major components of sustainable agricul-
ture and rural development as outlined in the
UNCED Agenda 21 (Chapter 14). Although farm-
ers’ adoption of these practices also create
on-farm benefits such as increased crop yields,
the adoption of such practices on a wider scale
largely depends on the extent that farmers are
faced with the environmental consequences of
their current practices. Farmers may also need
additional knowledge and resources before they
will invest in such practices. Farmers will make
their own choices, depending on expected net
returns, in the context of existing agriculture and
environmental policies.

7Organic farming is the outcome of theory and practice since
the early years of the twentieth century, involving a variety
of alternative methods of agricultural production mainly in
northern Europe. There have been three important move-
ments: biodynamic agriculture, which appeared in Germany;
organic farming, which originated in England; and biological
agriculture, which was developed in Switzerland. Despite
some differences of emphasis, the common feature of all
these movements is to stress the essential link between
farming and nature, and to promote respect for natural
equilibria. They distance themselves from the conventional
approach to farming, which maximizes yields through the
use of various kinds of synthetic products.
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Table 3.13

Global terrestrial carbon sequestration potential
from improved management

Carbon sink Potential sequestration
(billion tonnes C per year)

Arable lands 0.85-10.90

Biomass crops for biofuel 0.5-0.8

Grassland and rangelands 1.7

Forests 1-2

Source: adapted from Rice (1999).

Reversing soil organic carbon losses from
degraded pastures

Up to 71 percent of the world’'s grasslands were
reported to be degraded to some extent in 1991
(Dregne et al. 1991) as a result of overgraz-
ing, salinization, alkalinization, acidification, and
other processes.

Improved grassland management is another
major area where soil carbon losses can be
reversed leading to net sequestration, by the use
of trees, improved species, fertilization and other
measures. Since pasture is the largest anthropo-
genic land use, improved pasture management
could potentially sequester more carbon than
any other practice (Table 4-1, IPCC, 2000). There
would also be additional benefits, particularly
preserving or restoring biodiversity. It can yield
these benefits in many ecosystems.

In the humid tropics silvo-pastoral sys-
tems (discussed in Chapter 6, Box 6.2] are one
approach to carbon sequestration and pasture
improvement.

In dryland pastures soils are prone to degra-
dation and desertification, which have lead to
dramatic reductions in the SOC pool (see Sec-
tion 3.2.1 on livestock-related emissions from
cultivated soils) (Dregne, 2002). However, some
aspects of dryland soils may help in carbon
sequestration. Dry soils are less likely to lose
carbon than wet soils, as lack of water limits soil
mineralization and therefore the flux of carbon
to the atmosphere. Consequently, the residence
time of carbon in dryland soils is sometimes
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even longer than in forest soils. Although the
rate at which carbon can be sequestered in these
regions is low, it may be cost-effective, particu-
larly taking into account all the side-benefits for
soil improvement and restoration (FAO, 2004b).
Soil-quality improvement as a consequence of
increased soil carbon will have an important
social and economic impact on the livelihood of
people living in these areas. Moreover, there is
a great potential for carbon sequestration in dry
lands because of their large extent and because
substantial historic carbon losses mean that
dryland soils are now far from saturation.

Some 18-28 billion tonnes of carbon have
been lost as a result of desertification (see sec-
tion on feed sourcing). Assuming that two-thirds
of this can be re-sequestered through soil and
vegetation restoration (IPCC, 1996), the poten-
tial of C sequestration through desertification
control and restoration of soils is 12-18 billion
tonnes C over a 50 year period (Lal, 2001, 2004b).
Lal (2004b) estimates that the “eco-technologi-
cal” ([maximum achievable) scope for soil carbon
sequestration in the dryland ecosystems may be
about 1 billion tonnes C yr-', though he suggests
that realization of this potential would require
a “vigorous and a coordinated effort at a global
scale towards desertification control, restoration
of degraded ecosystems, conversion to appro-
priate land uses, and adoption of recommended
management practices on cropland and grazing
land.” Taking just the grasslands in Africa, if
the gains in soil carbon stocks, technologically
achievable with improved management, were
actually achieved on only 10 percent of the area
concerned, this would result in a SOC gain rate of
1 328 million tonnes C per year for some 25 years
(Batjes, 2004). For Australian rangelands, which
occupy 70 percent of the country’'s land mass,
the potential sequestration rate through better
management has been evaluated at 70 million
tonnes C per year (Baker et al., 2000).

Overgrazing is the greatest cause of degrada-
tion of grasslands and the overriding human-
influenced factor in determining their soil carbon
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levels. Consequently, in many systems, improved
grazing management, such as optimizing stock
numbers and rotational grazing, will result in
substantial increases in carbon pools (Table 4-6,
IPCC, 2000).

Many other technical options exist, including
fire management, protection of land, set-asides
and grassland production enhancement (e.g., fer-
tilization, introduction of deep-rooted and legume
species). Models exist to provide an indication
of the respective effects of these practices in a
particular situation. More severely degraded land
requires landscape rehabilitation and erosion
control. This is more difficult and costly, but Aus-
tralian research reports considerable success in
rehabilitating landscape function by promoting
the rebuilding of patches (Baker et al., 2000).

Because dryland conditions offer few eco-
nomic incentives to invest in land rehabilitation
for agricultural production purposes, compen-
sation schemes for carbon sequestration may
be necessary to tip the balance in some situa-
tions. A number of mechanisms stimulated by
the UNFCCC are now operational (see Chapter
6). Their potential may be high in pastoral dry
lands, where each household ranges livestock
over large areas. Typical population densities in
pastoral areas are 10 people per km? or 1 person
per 10 ha. If carbon is valued at US$10 per tonne
and modest improvements in management can
gain 0.5 tonnes C/ha/yr, individuals might earn
US$50 a year for sequestering carbon. About
half of the pastoralists in Africa earn less than
US$1 per day or about US$360 per year. Thus,
modest changes in management could augment
individual incomes by 15 percent, a substantial
improvement (Reid et al., 2004). Carbon improve-
ments might also be associated with increases
in production, creating a double benefit.

Carbon sequestration through agroforestry

In many situations agroforestry practices also
offer excellent, and economically viable, poten-
tial for rehabilitation of degraded lands and for
carbon sequestration (IPCC, 2000; FAO, 2000).

Despite the higher carbon gains that might come
from agroforestry, Reid et al. (2004) estimate
that the returns per person are likely to be lower
in these systems because they principally occur
in higher-potential pastoral lands, where human
population densities are 3-10 times higher than
in drier pastoral lands. Payment schemes for
carbon sequestration through silvo-pastoral sys-
tems have already proven their viability in Latin
American countries (see Box 6.2, Chapter 6).

Unlocking the potential of mechanisms like
carbon credit schemes is still a remote goal, not
only requiring vigorous and coordinated effort
on a global scale, but also the overcoming of a
number of local obstacles. As illustrated by Reid
et al. (2004), carbon credit schemes will require
communication between groups often distant
from one another, yet pastoral areas usually
have less infrastructure and much lower popula-
tion density than higher potential areas. Cultural
values may pose constraints but sometimes
offer opportunities in pastoral lands. Finally the
strength and ability of government institutions
required to implement such schemes is often
insufficient in the countries and areas where
they are most needed.

3.5.2 Reducing CH, emissions from

enteric fermentation through

improved efficiency and diets

Methane emissions by ruminants are not only an
environmental hazard but also a loss of produc-
tivity, since methane represents a loss of carbon
from the rumen and therefore an unproductive
use of dietary energy (US-EPA, 2005). Emissions
per animal and per unit of product are higher
when the diet is poor.

The most promising approach for reducing
methane emissions from livestock is by improv-
ing the productivity and efficiency of livestock
production, through better nutrition and genet-
ics. Greater efficiency means that a larger por-
tion of the energy in the animals’ feed is directed
toward the creation of useful products (milk,
meat, draught power), so that methane emis-
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sions per unit product are reduced. The trend
towards high performing animals and towards
monogastrics and poultry in particular, are valu-
able in this context as they reduce methane per
unit of product. The increase in production effi-
ciency also leads to a reduction in the size of the
herd required to produce a given level of product.
Because many developing countries are striving
to increase production from ruminant animals
(primarily milk and meat), improvements in pro-
duction efficiency are urgently needed for these
goals to be realized without increasing herd
sizes and corresponding methane emissions.

A number of technologies exist to reduce
methane release from enteric fermentation. The
basic principle is to increase the digestibility of
feedstuff, either by modifying feed or by manipu-
lating the digestive process. Most ruminants in
developing countries, particularly in Africa and
South Asia, live on a very fibrous diet. Techni-
cally, the improvement of these diets is relatively
easy to achieve through the use of feed additives
or supplements. However, such techniques are
often difficult to adopt for smallholder livestock
producers who may lack the necessary capital
and knowledge.

In many instances, such improvements may
not be economical, for example where there is
insufficient demand or infrastructure. Even in a
country like Australia, low-cost dairy production
focuses on productivity per hectare rather than
per cow, so many options for reducing emissions
are unattractive - e.g. dietary fat supplementa-
tion or increased grain feeding (Eckard et al.,
2000). Another technical option is to increase
the level of starch or rapidly fermentable car-
bohydrates in the diet, so as to reduce excess
hydrogen and subsequent CH, formation. Again
low-cost extensive systems may not find it viable
to adopt such measures. However, national plan-
ning strategies in large countries could poten-
tially bring about such changes. For example,
as Eckard et al (2000) suggest, concentrating
dairy production in the temperate zones of Aus-
tralia could potentially decrease methane emis-
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sions, because temperate pastures are likely to
be higher in soluble carbohydrates and easily
digestible cell wall components.

For the United States, US-EPA (2005) reports
that greater efficiency of livestock production
has already led to an increase in milk production
while methane emissions decreased over the
last several decades. The potential for efficiency
gains (and therefore for methane reductions] is
even larger for beef and other ruminant meat
production, which is typically based on poorer
management, including inferior diets. US-EPA
(2005) lists a series of management measures
that could improve a livestock operation’s pro-
duction efficiency and reduce greenhouse gas
emissions, including:

* improving grazing management;

e soil testing, followed by addition of proper
amendments and fertilizers;

e supplementing cattle diets with needed nutri-
ents;

e developing a preventive herd health pro-
gramme;

e providing appropriate water sources and pro-
tecting water quality; and

e improving genetics and reproductive efficien-

cy.

When evaluating techniques for emission
reduction it is important to recognize that feed
and feed supplements used to enhance produc-
tivity may well involve considerable greenhouse
gas emissions to produce them, which will affect
the balance negatively. If production of such
feed stuffs is to increase substantially, options
to reduce emissions at feed production level will
also need to be considered.

More advanced technologies are also being
studied, though they are not yet operational.
These include:

e reduction of hydrogen production by stimulat-
ing acetogenic bacteria;

e defaunation (eliminating certain protozoa
from the rumen); and

e vaccination (to reduce methanogens).



Livestock’s role in climate change and air pollution

These options would have the advantage of
being applicable to free-ranging ruminants as
well, although the latter option may encounter
resistance from consumers (Monteny et al,
2006). Defaunation has been proven to lead to a
20 percent reduction in methane emissions on
average (Hegarty, 1998), but regular dosing with
the defaunating agent remains a challenge.

3.5.3 Mitigating CH, emissions through
improved manure management and biogas
Methane emissions from anaerobic manure
management can be readily reduced with exist-
ing technologies. Such emissions originate from
intensive mixed and industrial systems; these
commercially oriented holdings usually have the
capacity to invest in such technologies.

The potential for emission abatement from
manure management is considerable and multi-
ple options exist. A first obvious option to consid-
eris balanced feeding, as it also influences other
emissions. Lower carbon to nitrogen ratios in
feed lead to increased methane emissions, in an
exponential fashion. Manure with high nitrogen
content will emit greater levels of methane than
manure with lower N contents. Hence increasing
the C to N ratio in feeds can reduce emissions.

The temperature at which manure is stored
can significantly affect methane production. In
farming systems where manure is stored in the
stabling (e.g. in pig farms where effluents are
stored in a pit in the cellar of a stable) emissions
can be higher than when manure is stored out-
side at lower ambient temperatures. Frequent
and complete removal of the manure from the
indoor storage pits reduces methane emissions
effectively in temperate climates, but only where
there is sufficient outdoor storage capacity (and
additional measures to prevent CH, emissions
outdoors). Reduction of gas production can also
be achieved through deep cooling of manure (to
below 10°C), though this requires higher invest-
ment and also energy consumption with a risk
of increased carbon dioxide emissions. Cooling
of pig slurry can reduce in-house CH, (and N,0)

emissions by 21 percent relative to not cooling
(Sommer et al., 2004).

Additional measures include anaerobic diges-
tion (producing biogas as an extra benefit],
flaring/burning (chemical oxidation; burning],
special biofilters (biological oxidation) (Mon-
teny et al., 2006; Melse and van der Werf, 2005,
composting and aerobic treatment. Biogas is
produced by controlled anaerobic digestion - the
bacterial fermentation of organic material under
controlled conditions in a closed vessel. Biogas
is typically made up of 65 percent methane
and 35 percent carbon dioxide. This gas can
be burned directly for heating or light, or in
modified gas boilers to run internal combustion
engines or generators.

Itis assumed that biogas can achieve a 50 per-
cent reduction in emissions in cool climates for
manures which would otherwise be stored as lig-
uid slurry (and hence have relatively high meth-
ane emissions). For warmer climates, where
methane emissions from liquid slurry manure
storage systems are estimated to be over three
times higher (IPCC, 1997), a reduction potential
of 75 percent is possible (Martinez, personal
communication).

Various systems exist to exploit this huge
potential, such as covered lagoons, pits, tanks
and other liquid storage structures. These would
be suitable for large or small-scale biogas sys-
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Anaerobic digestor for biogas production in a
commercial pig farm - Central Thailand 2005
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tems, with a wide range of technological options
and different degrees of sophistication. Addition-
ally, covered lagoons and biogas systems produce
a slurry that can be applied to rice fields instead
of untreated dung, leading to reduced methane
emissions (Mendis and Openshaw, 2004). These
systems are common practice in much of Asia,
particularly in China. In Vietnam, Thailand and
the Philippines biogas is also widely used. A new
opportunity in hot climate is the use of biogas
to fuel modern cooling systems (e.g. EVAP sys-
tem) and thereby achieve substantial savings on
energy costs.

However, in most of these countries biogas
has been helped to spread by subsidy schemes
or other forms of promotion. Current uptake of
biogas technologies is limited in many countries
because of insufficient regulatory frameworks
and absence of appropriate financial incen-
tives. The wider use of biogas systems (for use
on-farm or for delivering electricity to the pub-
lic net) depends on the relative price of other
energy sources. Usually biogas systems are not
competitive in the absence of subsidies, other
than in remote locations where electricity and
other forms of energy are unavailable or unre-
liable. Biogas feasibility also depends on the
degree to which there are options to co-digest
waste products so as to increase gas production
(see Nielsen and Hjort-Gregersen, 2005).

The further development and promotion of
controlled anaerobic digestion will have sub-
stantial additional positive effects related to
other environmental problems caused by ani-
mal wastes, and/or the promotion of renewable
energy sources. For example, anaerobic diges-
tion offers benefits in terms of reduced odour
and pathogens.

Although more time consuming for the farm-
er, possible solutions to reduce methane emis-
sions also lie in shifting towards solid manure
management. Aerobic treatments can also be
used to reduce methane emissions and odour.
In practice they are applied to liquid manures
through aeration and to solid manures by com-
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posting and often have a positive side-effect on
pathogen content.

3.5.4 Technical options for mitigating

N,O emissions and NH; volatilization

The best way to manage the continuing human
interference in the nitrogen cycle is to maxi-
mize the efficiencies of human uses of N (Smil,
1999).

Reducing the nitrogen content of manures
as suggested above may also lead to lower N,0
emissions from stables, during storage, and
after application to soil.

An important mitigation pathway lies in raising
the low animal nitrogen assimilation efficiency
(14 percent, against some 50 percent for crops
- see Sections 3.3.2 and 3.3.3) through more
balanced feeding (i.e. by optimizing proteins or
amino acids to match the exact requirements of
individual animals or animal groups). Improved
feeding practices also include grouping animals
by gender and phase of production, and improv-
ing the feed conversion ratio by tailoring feed
to physiological requirements. However, even
when good management practices are used to
minimize nitrogen excretion, large quantities
still remain in the manure.

Another possible intervention point is imme-
diately after reactive nitrogen is used as a
resource (e.g. digestion of feed)], but before it
is distributed to the environment. In intensive
production, substantial N losses can occur dur-
ing storage primarily through volatilization of
ammonia. The use of an enclosed tank can near-
ly eliminate this loss. Maintaining a natural crust
on the manure surface in an open tank is almost
as effective and more economical. However, the
first option offers an important potential synergy
with respect to mitigating methane emissions.

N,0 emissions from slurry applications to
grassland were reduced when slurry was stored
for 6 months or passed through an anaero-
bic digester prior to spreading (Amon et al,
2002). It can be inferred that during storage and
anaerobic digestion readily available C (which
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would otherwise fuel denitrification and increase
gaseous N loss] is incorporated into microbial
biomass or lost as CO, or CH,. Hence there is
less available C in the slurry to fuel denitrifica-
tion when the slurry is applied to land. It follows
that anaerobic digestion, e.g. for biogas produc-
tion, can substantially mitigate nitrous oxide and
methane emissions (provided the biogas is used
and not discharged). In addition, electricity can
be generated and N,0 emissions from the spread
of (digested) slurry would also be reduced.

The identification and choice of other N,O emis-
sion mitigation options during storage are com-
plex, and the choice is also limited by farm and
environmental constraints and costs. Important
trade-offs exist between methane and nitrous
oxide emissions: technologies with potential to
reduce nitrous oxide emissions often increase
those of methane and vice versa. A management
change from straw- to slurry-based systems for
example may result in lower N,O emission, but
increased CH; emission. Also, compaction of
solid manure heaps to reduce oxygen entering
the heap and maintaining anaerobic conditions
has had mixed success in reducing N,O emis-
sions (Monteny et al, 2006), and may increase
CH, emissions.

Much of the challenge of reducing emissions
of NH; and N0 falls upon crop farmers. Rapid
incorporation and shallow injection methods for
manure reduce N loss to the atmosphere by at
least 50 percent, while deep injection into the
soil essentially eliminates this loss (Rotz, 2004)
(losses via leaching may increase though). Use of
a crop rotation that can efficiently recycle nutri-
ents, and applying N near the time it is needed by
crops reduces the potential for further losses. In
more generic terms, the key to reducing nitrous
oxide emissions is the fine-tuning of waste
application to land with regard to environmental
conditions, including timing, amounts and form
of application in response to crop physiology and
climate.

Another technological option for reducing
emissions during the application/deposition

phase is the use of nitrification inhibitors (Nls)
that can be added to urea or ammonium com-
pounds. Monteny et al. (2006) cite examples of
substantially reduced emissions. 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). Costs of NIs may be offset by increased
crop/pasture N uptake efficiency. The degree of
adoption of Nls may depend on public percep-
tion of introducing yet another chemical into the
environment (Monteny et al., 2006).

Options to reduce emissions from grazing
systems are particularly important as they con-
stitute the bulk of nitrous oxide emissions. For
grazing animals, excessive losses from manure
can be avoided by not overstocking pastures and
avoiding late fall and winter grazing.

Finally, land drainage is another option to
reduce nitrous oxide emissions before N enters
the next phase of the nitrogen cascade. Improve-
ment of soil physical conditions to reduce soil
wetness in the more humid environments, and
especially in grassland systems, may signifi-
cantly reduce N,0 emissions. Soil compaction by
traffic, tillage and grazing livestock can increase
the anaerobicity of the soil and enhance condi-
tions for denitrification.

This section covered the technical options that
have the largest mitigation potential and are of
global interest. Many other options could be pre-
sented and their potential analyzed,® but mostly
the latter would be far less significant and their
applicability to different systems and regions
not as wide. Among the selection of options pre-
sented, those that contribute to the mitigation
of several gases at a time (anaerobic digestion
of manure), as well as those that provide other
environmental benefits in parallel (e.g. pasture
management) deserve special attention.

'®Mitigation options that more specifically focus on limiting
nitrate losses to water, though also relevant here, are pre-
sented in the following chapter.
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4.1 Issues and trends

Water represents at least 50 percent of most
living organisms and plays a key role in the
functioning of the ecosystem. It is also a criti-
cal natural resource mobilized by most human
activities.

It is replenished through the natural water
cycle. The evaporation process, mainly from the
oceans, is the primary mechanism supporting
the surface-to-atmosphere portion of the cycle.
Evaporation returns to ocean and water bodies
as precipitation (US Geological Survey, 2005a;
Xercavins and Valls, 1999).

Freshwater resources provide a wide range of
goods such as drinking water, irrigation water,
or water for industrial purposes, and services

such as power for hydroelectricity generation
and support of recreational activities to a highly
diverse set of user groups. Freshwater resourc-
es are the pillar sustaining development and
maintaining food security, livelihoods, indus-
trial growth, and environmental sustainability
throughout the world (Turner et al., 2004).
Nevertheless,
scarce. Only 2.5 percent of all water resources

freshwater resources are
are fresh water. The oceans account for 96.5 per-
cent, brackish water for around 1 percent. Fur-
thermore, 70 percent of all freshwater resources
are locked up in glaciers, and permanent snow
(polar caps for example) and the atmosphere
(Dompka, Krchnak and Thorne, 2002; UNES-
CO, 2005). 110000 km?3 of freshwater fall on



Livestock’s long shadow

earth in the form of precipitation annually, of
which 70 000 km® evaporate immediately into
the atmosphere. Out of the remaining 40 000
km? only 12 500 km? is accessible for human use
(Postel, 1996).

Freshwater resources are unequally distrib-
uted at the global level. More than 2.3 billion
people in 21 countries live in water-stressed
basins (having between 1000 and 1700 m? per
person per year). Some 1.7 billion people live
in basins under scarcity conditions (with less
than 1 000 m? per person per year) see Map 28,
Annex 1 (Rosegrant, Cai and Cline, 2002; Kinje,
2001; Bernstein, 2002; Brown, 2002). More than
one billion people do not have sufficient access
to clean water. Much of the world’s human popu-
lation growth and agricultural expansion is tak-
ing place in water stressed regions.

The availability of water has always been a
limiting factor to human activities, in particular
agriculture, and the increasing level of demand
for water is a growing concern. Excessive with-
drawals, and poor water management, have
resulted in lowered groundwater tables, dam-
aged soils and reduced water quality worldwide.
As a direct consequence of a lack of appropriate
water resources management, a number of
countries and regions are faced with ongoing
depletion of water resources (Rosegrant, Cai and
Cline, 2002).

Withdrawal of freshwater diverted from rivers
and pumped from aquifers has been estimated
at 3906 km? for 1995 (Rosegrant, Cai and Cline,
2002). Part of this water returns to the eco-
system, though pollution of water resources
is accelerated by the increasing discharge of
wastewater into water courses. Indeed, in devel-
oping countries, 90-95 percent of public waste-
water and 70 percent of industrial wastes are
discharged into surface water without treatment
(Bernstein, 2002).

The agricultural sector is the largest user
of freshwater resources. In 2000, agriculture
accounted for 70 percent of water use and
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93 percent of water depletion worldwide (see
Table 4.1) (Turner et al, 2004). The irrigated
area has multiplied nearly five times over the
last century and in 2003 amounted to 277 million
hectares (FAO, 2006b). Nevertheless, in recent
decades, growth in the use of water resources
for domestic and industrial purposes has been
faster than for agriculture. Indeed, between 1950
and 1995, withdrawals for domestic and industri-
al uses quadrupled, while they only doubled for
agricultural purposes (Rosegrant, Cai and Cline,
2002). Today people consume 30-300 litres per
person a day for domestic purposes, while 3 000
litres per day are needed to grow their daily food
(Turner et al., 2004).

One of the major challenges in agricultural
development today is to maintain food secu-
rity and alleviate poverty without further deplet-
ing water resources and damaging ecosystems
(Rosegrant, Cai and Cline, 2002).

The threat of increasing scarcity

Projections suggest that the situation will worsen
in the next decades, possibly leading to increas-
ing conflicts among usages and users. Under
a “Business as usual scenario” (Rosegrant et
al., 2002), global water withdrawal is projected
to increase by 22 percent to 4 772 km3in 2025.
This increase will be driven mainly by domestic,
industrial and livestock uses; the latter show-
ing a growth of more than 50 percent. Water
consumption for non-agricultural uses is pro-
jected to increase by 62 percent between 1995

Table 4.1

Water use and depletion by sector

Sector Water use Water depletion
[ Percentages of total .......... ]
Agriculture 70 93
Domestic 10 3
Industrial 20 4

Source: Brown (2002); FAO-AQUASTAT (2004).
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and 2025. The use of irrigation water, however,
will rise by only 4 percent over that period. The
highest increase in demand for irrigation water
is expected for sub-Saharan Africa and Latin
America with 27 and 21 percent, respectively;
both regions have only limited use of irrigation
today (Rosegrant, Cai and Cline, 2002).

As a direct consequence of the expected
increase in demand for water, Rosegrant, Cai
and Cline (2002) projected that by 2025, 64 per-
cent of the world’s population will live in water-
stressed basins (against 38 percent today). A
recent International Water Management Insti-
tute (IWMI] assessment projects that by 2023,
33 percent of the world’s population (1.8 billion
people] will live in areas of absolute water scar-
city including Pakistan, South Africa, and large
parts of India and China (IWMI, 2000).

Increasing water scarcity is likely to compro-
mise food production, as water will have to be
diverted from agricultural use to environmental,
industrial and domestic purposes (IWMI, 2000).
Under the “business as usual scenario” men-
tioned above, water scarcity may cause a loss
of potential production of 350 million tonnes of
food, almost equal to the current total United
States grain crop production (364 million tonnes
in 2005) (Rosegrant, Cai and Cline, 2002; FAO,
2006b). The countries under absolute water
scarcity will have to import a substantial propor-
tion of their cereal consumption, while those
unable to finance these imports will be threat-
ened by famine and malnutrition (IWMI, 2000).

Even countries with sufficient water resources
will have to expand their water supplies to make
up for the increasing demand. There is wide-
spread concern that many countries, especially
in sub-Saharan Africa, will not have the required
financial and technical capacity (IWMI, 2000].

Water resources are threatened in other ways.
Inappropriate land use can reduce water sup-
plies by reducing infiltration, increasing run-
off and limiting the natural replenishment of
groundwater resources and the maintenance

of adequate stream flows, especially during dry
seasons. Improper land use can severely con-
strain future access to water resources and may
threaten the proper functioning of ecosystems.
Water cycles are further affected by deforesta-
tion, an ongoing process at the pace of 9.4 mil-
lion hectares per year according to FAO’s latest
assessment (FAO, 2005a).

Water also plays a key role in ecosystem
functioning, acting as a medium and/or reactant
of biochemical processes. Depletion will affect
ecosystems by reducing water availability to
plant and animal species, inducing a shift toward
dryer ecosystems. Pollution will also harm eco-
systems, as water is a vehicle for numerous
pollution agents. As a result, pollutants have an
impact not only locally but on various ecosys-
tems along the water cycle, sometimes far from
the initial sources.

Among the various ecosystems affected by
trends in water depletion, wetlands ecosystems
are especially at risk. Wetlands ecosystems are
the most species-diverse habitats on earth and
include lakes, floodplains, marshes and deltas.
Ecosystems provide a wide range of environmen-
tal services and goods, valued globally at US$33
trillion of which US$14.9 trillion are provided by
wetlands (Ramsar, 2005). These include flood
control, groundwater replenishment, shoreline
stabilization and storm protection, sediment and
nutrient regulation, climate change mitigation,
water purification, biodiversity conservation,
recreation, tourism and cultural opportunities.
Nevertheless, wetlands ecosystems are under
great threat and are suffering from over-extrac-
tion, pollution and diversion of water resources.
An estimated 50 percent of world wetlands have
disappeared over the last century (IUCN, 2005;
Ramsar, 2005).

The impacts of the livestock sector on water
resources are often not well understood by
decision-makers. The primary focus is usu-
ally the most obvious segment of the livestock
commodity chain: production at farm level. But
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the overall water use' directly or indirectly by
the livestock sector is often ignored. Similarly,
the contribution of the livestock sector to water
depletion? focuses mainly on water contamina-
tion by manure and waste.

This chapter attempts to provide a compre-
hensive overview of the livestock sector’s role in
the water resources depletion issue. More spe-
cifically, we will provide quantitative estimates of
water use and pollution associated with the main
segments of the animal food commodity chain.

We will successively also analyse livestock's
contribution to the water pollution and evapo-
transpiration phenomenon and its impact on the
water resource replenishment process through
improper land use. The final section proposes
technical options for reversing these trends of
water depletion.

4.2 Water use

Livestock’s use of water and contribution to
water depletion trends are high and growing. An
increasing amount of water is needed to meet
growing water requirements in the livestock
production process, from feed production to
product supply.

4.2.1 Drinking and servicing

Water-use for drinking and servicing animals is
the most obvious demand for water resources
related to livestock production. Water repre-

T “Water use” (also referred as “water withdrawals” in the
literature) refers to the water removed from a source and
used for human needs, some of which may be returned to
the original source and reused downstream with changes in
water quantity and quality. The “water demand”, refers to a
potential water use (adapted from Gleick, 2000).

2 "Water depletion” (also referred as “water consumption”
in the literature) refers to the use or removal of water from
a water basin that renders it unavailable for other uses. It
includes four generic processes: evapo-transpiration; flows
to sinks; pollution; and incorporation within agricultural or
industrial products (adapted from Roost et al., 2003, Gleick,
2000). We deliberately chose to single out pollution in the
title of this chapter, although it's covered by the notion of
depletion, in order to highlight the importance of this mecha-
nism to the reader.
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A worker gives water to pigs raised near chicken cage
on farm at Long An province - Viet Nam 2005

sents 60 to 70 percent of the body weight and is
essential for animals in maintaining their vital
physiological functions. Livestock meet their
water requirements through drinking water, the
water contained in feedstuffs and metabolic
water produced by oxidation of nutrients. Water
is lost from the body through respiration (lungs],
evaporation (skin), defecation [intestines]) and
urination (kidneys). Water losses increase with
high temperature and low humidity (Pallas,
1986; National Research Council, 1994, National
Research Council, 1981). Reduction of water
intake results in lower meat, milk and egg pro-
duction. Deprivation of water quickly results in
a loss of appetite and weight loss, with death
occurring after a few days when the animal has
lost between 15 to 30 percent of its weight.

In extensive grazing systems, the water con-
tained in forages contributes significantly to
meeting water requirements. In dry climates,
the water content of forages decreases from 90
percent during the growing season to about 10 to
15 percent during the dry season (Pallas, 1986).
Air-dried feed, grains and concentrate usually
distributed within industrialized production sys-
tems contain far less water: around 5 to 12 per-
cent of feed weight (National Research Council,
2000, 1981). Metabolic water can provide up to 15
percent of water requirements.

A wide range of interrelated factors influence
water needs, including: the animal species; the
physiological condition of the animal; the level of

© FAO/9286/H.D. NAM
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Table 4.2

Drinking water requirements for livestock

Species Physiological condition Average Air temperature °C
Weight 15 25 35

Water requirements

lkg) [ litres/animal/day .......... ]

Cattle African pastoral system-lactating - 2 litres milk/day 200 218 25 28.7
Large breed - Dry cows - 279 days pregnancy 680 441 73.2 102.3
Large breed - Mid-lactation - 35 litres milk/day 680 102.8 114.8 126.8
Goat Lactating - 0.2 litres milk/day 27 7.6 9.6 11.9
Sheep Lactating - 0.4 litres milk/day 36 8.7 12.9 20.1
Camel Mid-lactation - 4.5 litres milk/day 350 31.5 41.8 52.2
Chicken  Adult broilers (100 animals) 17.7 33.1 62
Laying eggs (100 animals) 13.2 25.8 50.5
Swine Lactating - daily weight gain of pigs 200g 175 17.2 28.3 46.7

Sources: Luke (2003); National Research Council (1985; 1987; 1994;

dry matter intake; the physical form of the diet;
water availability and quality; temperature of the
water offered; the ambient temperature and the
production system (National Research Council,
1981; Luke, 1987). Water requirements per ani-
mal can be high, especially for highly productive
animals under warm and dry conditions [see
Table 4.2).

Livestock production, especially in industri-
alized farms, also requires service water - to
clean production units, to wash animals, for
cooling the facilities, the animals and their
products (milk) and for waste disposal (Hutson
et al., 2004; Chapagain and Hoekstra, 2003). In
particular, pigs require a lot of water when kept
in “flushing systems ¥";in this case service water
requirements can be seven times higher than
drinking water needs. While data are scarce,
Table 4.3 gives some indication of these water
requirements. The estimates do not take into
account the cooling requirements, which can be
significant.

% In a flushing system, a large volume of water carries manure
down a gutter, usually sloped toward storage, such as an
earthen lagoon or basin (Field et al., 2001).

1998; 2000); Pallas (1986); Ranjhan (1998).

Production systems usually differ in their
water use per animal and in how these require-
ments are met. In extensive systems, the effort
expended by animals in search of feed and water
increases the need for water considerably, com-
pared to industrialized systems where animals
do not move around much. By contrast, intensive
production has additional service water require-
ments for cooling and cleaning facilities. It is also
important to notice that water sourcing differs
widely between industrialized and extensive pro-
duction systems. In extensive livestock systems,
25 percent of the water requirements (including
water services) come from feed, against only 10
percent in intensive livestock production sys-
tems (National Research Council, 1981).

In some places the importance of livestock
water use for drinking and servicing compared
to other sectors can be striking. For example in
Botswana water use by livestock accounts for 23
percent of the total water use in the country and
is the second principal user of water resources.
As groundwater resources replenish only slowly,
the water table in the Kalahari has substantially
decreased since the nineteenth century. Other
sectors will pose additional water demands in
future; and water scarcity may become dramatic
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Table 4.3

Service water requirements for different livestock
types

Service water

(litres/animal/day]
Animal Age group Industrial  Grazing
Beef cattle Young calves 2 0
Adult " 5
Dairy cattle Calves 0 0
Heifers 1 4
Milking cows 22 5
Swine Piglet 5 0
Adult 50 25
Lactating 125 25
Sheep Lamb 2 0
Adult 5 5
Goats Kid 0 0
Adult 5 5
Broiler chicken  Chick*100 1 1
Adult+100 9 9
Laying hens Chick=100 1 1
Laying eggs*100 15 15
Horses Foal 0 5
Mature horses 5 5

Source: Chapagain and Hoekstra (2003).

(see Box 4.1; Els and Rowntree, 2003; Thomas,
2002). However in most countries water use
for drinking and servicing remains small com-
pared to other sectors. In the United States for
example, although locally important in some
states, livestock drinking and service water use
was less than 1 percent of total freshwater use
in 2000 (Hutson et al., 2004).

Based on metabolic requirements, estimates
concerning the extent of production systems and
their water use, we can estimate global water
use to meet livestock drinking requirements at
16.2 km?, and service water requirements at 6.5
km3 (not including service water requirements
for small ruminants] (see Table 4.4 and 4.5). At
the regional level the highest demand for servic-
ing and drinking water is seen in South America
(totalling 5.3 km?®/yr), South Asia (4.1 km®/yr) and
sub-Saharan Africa (3.1 kmd3/yr). These areas
represent 55 percent of global water require-
ments of the livestock sector.
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Globally, the water requirements for livestock
drinking and servicing represent only 0.6 percent
of all freshwater use (see Tables 4.4 and 4.5).
This direct use figure is the only one that most
decision-makers take into consideration. As a
result, the livestock sector is not usually consid-
ered one of the principal drivers for the depletion
of freshwater resources. However, this figure is
a considerable underestimate, as it does not take
into account other water requirements the live-
stock sector entails both directly and indirectly.
We will now examine the water implications of
the entire production process.

4.2.2 Product processing

The livestock sector provides a wide range of
commodities, from milk and meat to high value-
added products such as leather or pre-cooked
dishes. Going through the whole chain and iden-
tifying the share of the water use imputable to
the livestock sector is a complex exercise. We
focus here on the primary steps of the product
processing chain, which includes slaughtering,
meat and milk processing and tanning activi-
ties.

Slaughterhouses and the agro-food industry
Primary animal products such as live animals
or milk, are usually processed into different
meat and dairy products before consumption.
Processing of meat includes a range of activi-
ties, from slaughtering to complex value-adding
activities. Figure 4.1 depicts the generic process
for meat, although the steps can vary depending
on species. In addition to these generic pro-
cesses, meat processing operations may also
incorporate offal processing and rendering. Ren-
dering converts by-products into value-added
products such as tallow, meat and blood meals.
Like many other food processing activities,
hygiene and quality requirements in meat pro-
cessing result in high water usage and conse-
quently high wastewater generation. Water is a
major input at each processing step, except for
final packaging and storage (see Figure 4.1).
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Box 4.1 Livestock water use in Botswana

Predominantly a dryland country, Botswana is
already experiencing ‘water stress’ - that is,
freshwater availability ranges between 1000 and
1700m?® per person per year. Livestock are a
major user of freshwater resources in Botswana.
In 1997, livestock accounted for 23 percent of the
total water use of the country and was the second
principal user of water resources (irrigation and
forestry only represent 15 percent of the demand).

Groundwater resources account for 65 percent
of the total water available in Botswana, but they
are limited. The recharge of aquifers ranges from
over 40 mm/yr in the extreme north to virtually
zero in the central and western parts of the coun-
try. The rechargeable volume of groundwater for
Botswana is less than 0.4 percent of Botswana's
total renewable resources.

Groundwater is supplied through boreholes for
domestic and livestock uses. It is estimated that
there are 15000 boreholes scattered throughout
Botswana. In 1990, total water abstraction from
boreholes was 76 million m?, which was 760 per-

cent more than the recharge rate.

Many ranches in the Kalahari have installed
more boreholes than permitted in order to provide
water to the increasing number of grazing ani-
mals. The increased use of boreholes has caused
groundwater levels to decrease, and has prob-
ably diminished flows in natural permanent water
features. As a direct consequence, the water table
in the Kalahari has fallen substantially since the
nineteenth century.

Under current rates of abstraction, the lifetime
of surface and groundwater resources in Botswana
is limited to a few decades. As water use by
households is predicted to increase rapidly from
approximately 29 percent (1990) to approximately
52 percent of total demand in 2020. The pressure
on water resources will increase and present
levels of livestock production may no longer be

sustained.

Sources: Els and Rowntree (2003); Thomas (2002).

Table 4.4
Water use for drinking-water requirements

Regions Total yearly water intake (km?)

Cattle Buffaloes Goats  Sheep Pigs Poultry (100) Total
North America 1.077 0.000 0.002 0.006 0.127 0.136 1.350
Latin America 3.524 0.014 0.037 0.077 0.124 0.184 3.960
Western Europe 0.903 0.002 0.013 0.087 0.174 0.055 1.230
Eastern Europe 0.182 0.000 0.003 0.028 0.055 0.013 0.280
Commonwealth of Independent States 0.589 0.003 0.009 0.036 0.040 0.029 0.710
West Asia and North Africa 0.732 0.073 0.140 0.365 0.000 0.118 1.430
Sub-Saharan Africa 1.760 0.000 0.251 0.281 0.035 0.104 2.430
South Asia 1.836 1.165 0.279 0.102 0.017 0.096 3.490
East and Southeast Asia 0.404 0.106 0.037 0.023 0.112 0.180 0.860
Oceania 0.390 0.000 0.001 0.107 0.010 0.009 0.520
Total 11.400 1.360 0.770 1.110 0.690 0.930 16.260

Sources: FAO (2006b); Luke(2003); National Research Council (1985; 1987; 1994; 1998; 2000a); Pallas (1986); Ranjhan (1998).
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Table 4.5

Water use for service water requirements

Region Service water (kmq)

Cattle Pigs Poultry (100) Total
North America 0.202 0.682 0.008 0.892
Latin America 0.695 0.647 0.009 1.351
Western Europe 0.149 1.139 0.004 1.292
Eastern Europe 0.028 0.365 0.001 0.394
Commonwealth of Independent States 0.101 0.255 0.002 0.359
West Asia and North Africa 0.145 0.005 0.006 0.156
Sub-Saharan Africa 0.415 0.208 0.003 0.626
South Asia 0.445 0.139 0.003 0.586
East and Southeast Asia 0.083 0.673 0.009 0.765
Oceania 0.070 0.051 0.000 0.121
Total 2.333 4.163 0.046 6.542

Note: Calculation based on Chapagain and Hoekstra (2003).

At red meat (beef and buffalo) abattoirs, water
is used primarily for washing carcasses at vari-
ous stages and for cleaning. Of total water use
for processing, between 44 and 60 percent is
consumed in the slaughter, evisceration and
boning areas (MRC, 1995). Water usage rates
range from 6 to 15 litres per kilo of carcass.
Given that the world production of beef and
buffalo meat was 63 million tonnes in 2005 a
conservative estimate of the water use for these
stages would lie between 0.4 and 0.95 km?, i.e.
between 0.010 percent and 0.024 percent of
global water use (FAO, 2005f).

In poultry processing plants, water is used to
wash carcasses and cleaning; hot water scalding
of birds prior to defeathering; in water flumes
for transporting feathers, heads, feet and vis-
cera and for chilling birds. Poultry processing
tends to be more water-intensive per weight unit
than red meat processing (Wardrop Engineering,
1998). Water use is in the range 1590 litres per
bird processed (Hrudey, 1984). In 2005, a total
of 48 billion birds were slaughtered globally. A
conservative estimate of global water use would
be around 1.9 km?, representing 0.05 percent of
the water use.

Dairy products also require significantamounts
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of water. Best practice water use in commercial
milk processes is reported to be 0.8 to 1 litre
water/kg of milk (UNEP, 1997a). These con-
servative estimates result in a global water use
for milk processing over 0.6 km?3(0.015 percent
of the global water use), not considering water
used for derived products, especially cheese.

Tanneries

Between 1994 and 1996 approximately 5.5 mil-
lion tonnes of raw hides were processed each
year to produce 0.46 million tonnes of heavy
leather and about 940 million m? of light leather.
A further 0.62 million tonnes of raw skins on a
dry basis were converted into almost 385 million
m? of sheep and goat leather.

The tanning process includes four main opera-
tional steps: storage and beam house; tan-
yard; post tanning; and finishing. Depending
on the type of technology applied, the water
requirements for processing skins vary greatly,
from 37 to 59 m?® per tonne of raw hides when
using conventional technologies to 14 m® when
using advanced technologies (see Table 4.6). This
amounts to a world total of 0.2 to 0.3 km? per
year (0.008 percent of global water use).

The water use requirements for processing
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Figure 4.1 Flow diagram for meat
processing operations
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Source: UNEP (2004a).

animal products can have a significant environ-
mental impact in some locations. However, the
main environmental threat lies in the volume of
pollutants discharged locally by the processing
units.

4.2.3 Feed production
As previously described, the livestock sector is
the world’s largest anthropogenic land user. The
vast majority of this land, and much of the water
it contains and receives are destined for feed
production.

Evapotranspiration is the main mechanism
by which crop and grassland deplete water

Table 4.6

Water use and depletion in tanning operations

Discharge (m3/tonne raw hide)

Operation Conventional Advanced
technology technology
Soaking 7-9 2
Liming 9-15 4.5
Deliming, bating 7-1 2
Tanning 3-5 0.5
Post-Tanning 7-13 3
Finishing 1-3 0
Total 34-56 12

Source: Gate information services - GTZ (2002)

resources. When water, evapotranspired by feed
cropland, is attributed to the production of live-
stock, the amounts involved are so large that
the other water uses described above pale by
comparison. Zimmer and Renault (2003) for
example show in a rough accounting effort that
the livestock sector may account for some 45
percent of the global budget of water used in
food production. However, a large share of this
water use is not environmentally significant.
Evapotranspiration by grasslands and non-cul-
tivated fodder land used for grazing represents
a large share. This water generally has little to
no opportunity cost, and indeed the amount of
water lost in the absence of grazing might not

Handline sprinkler irrigation system -
United States 2000
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be any lower. More intensively managed grazing
lands often have agricultural potential, but are
mostly located in water abundant areas, i.e. here
it is more the land that has the opportunity cost
rather than water.

Water used for feed production in extensive
land-based livestock production systems is not
expected to substantially increase. As stated pre-
viously, grazing systems are in relative decline in
most parts of the world. One important reason is
that most grazing is in arid or semi-arid zones
where water is scarce, limiting the expansion
or intensification of livestock production. Pro-
duction from mixed systems is still expanding
rapidly, and water is not a limiting factor in most
situations. Here, productivity gains are expected
from an increased level of integration between
livestock and crop production, with animals con-
suming considerable amounts of crop residues.

In contrast, more intensively managed mixed
systems and industrial livestock systems are
characterized by a high level of external inputs,
i.e. concentrate feed and additives, often trans-
ported over long distances. The demand for
these products, and thereby demand for the
corresponding raw materials (i.e. cereal and oil
crops), is increasing rapidly“. In addition, cereal
and oil crops occupy arable land, where water
generally has a considerable opportunity cost.
Substantial amounts are produced by irrigation
in relatively water short areas®. In such areas
the livestock sector may be directly responsible
for severe environmental degradation through
water depletion, depending on the source of the
irrigation water. Although, in rainfed areas, even
the increasing appropriation of arable land by

4 An increasing share of the increment in the production of
cereals, mainly coarse grains, will be used in livestock feed.
As a result, maize production in the developing countries
is projected to grow at 2.2 percent p.a. against «only» 1.3
percent for wheat and 1.0 percent for rice (FAQ, 2003a). Such
contrasts are particularly marked in China where wheat and
rice production is expected to grow only marginally over the
projection period of aforementioned report, while maize pro-
duction is expected to nearly double.
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the sector may, more indirectly, lead to deple-
tion of available water because it reduces the
water available for other uses, particularly food
crops.

In view of the increase of “costly” water use
by the livestock sector, it is important to assess
its current significance. Annex 3.4 presents a
methodology for quantifying this type of livestock
water use and assessing its significance. This
assessment is based on spatially detailed water-
balance calculations and information available
for the four most important feedcrops: barley,
maize, wheat and soybean (hereafter referred to
as BMWS]. The results presented in Table 4.7,
therefore, do not represent the entire feed crop
water use. These four crops account for roughly
three-quarters of the total feed used in the
intensive production of monogastrics. For other
significant users of these external inputs, i.e. the
intensive dairy sector, this share is in the same
order of magnitude.

Annex 3.4 describes two different approaches
that are designed to deal with uncertainty in
estimating water use by feed crops, related to
lack of knowledge of the locations of feed-dedi-
cated cropping. As Table 4.7 shows, these two

5 FAO (2003a) estimates that about 80 percent of the projected
growth in crop production in developing countries will come
from intensification in the form of yield increases (67 per-
cent] and higher cropping intensities (12 percent). The share
due to intensification will go up to 90 percent and higher in
the land-scarce regions of the West Asia/North Africa and
South Asia. It is estimated that in the developing countries at
present, irrigated agriculture, with about a fifth of all arable
land, accounts for 40 percent of all crop production and
almost 60 percent of cereal production. The area equipped
for irrigation in developing countries is projected to expand
by 40 million hectares (20 percent) over the projection period.
This underlines the importance of the livestock sector’s
responsibility for irrigation water use: feed production may
intensify in many locations, but particularly production hot
spots like central China, the mid west of the United States,
and the Latin American area covered by Eastern Paraguay,
Southern Brazil and Northern Argentina may develop into
increasingly important global centres of supply that will both
expand and intensify, which may turn currently sufficient
water supply levels into a limiting production factor.
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approaches yield very similar results. This sug-
gests that despite a certain number of unverified
assumptions, the resulting aggregate quantities
may provide fairly accurate estimates.

Globally, BMWS feed accounts for some 9 per-
cent of all irrigation water evapotranspired glob-
ally. When we include evapotranspiration of
water received from precipitation in irrigated
areas, this share rises to some 10 percent of
total water evapotranspired in irrigated areas.
Considering that BMWS unprocessed feed mate-
rial represents only some three-quarters of the
feed given to intensively managed livestock,
nearly 15 percent of water evapotranspired in
irrigated areas can probably be attributed to
livestock.

There are pronounced regional differences.
In sub-Saharan Africa and in Oceania, very little
irrigation is dedicated to BMWS feed, either in
absolute or in relative terms. In South Asia/India,
the amount of irrigation water evapotranspired by
BMWS feed, although considerable, represents
only a small share of total water evapotranspired
through irrigation. Similar absolute amounts in
the more water short West Asia and North Africa
region represent some 15 percent of total water
evapotranspired in irrigated areas. By far the
highest share of water evapotranspired through
irrigation is found in Western Europe (over 25
percent), followed by eastern Europe (some 20
percent). Irrigation is not very widespread in
Europe, which is generally not short of water,
and indeed the corresponding BMWS feed irriga-
tion water use is less in absolute terms than for
WANA. But the southern part of Western Europe
regularly suffers summer droughts. In south-
western France for example irrigated maize (for
feed) has repeatedly been held responsible for
severe drops in the flow of major rivers, as well
as damage to coastal aquaculture during such
summer droughts, and unproductive pastures
for the ruminant sector (Le Monde, 31-07-05).
The highest absolute quantities of BMWS feed
irrigation water evapotranspired are found in
the United States and in East and Southeast

Asia (ESEA], in both cases also representing a
high share of the total (about 15 percent). A con-
siderable portion of the irrigation water in the
United States originates from fossil groundwater
resources (US Geological Survey, 2005). In ESEA,
in view of the changes under way in the livestock
sector, water depletion and conflicts over its use
may become serious problems over the coming
decades.

Despite its environmental relevance, irriga-
tion water represents only a small part of total
BMWS feed water evapotranspired (6 percent
globally). With respect to other crops, BMWS
feed in North and Latin America is preferen-
tially located in rainfed areas: its share in rainfed
evapotranspiration is much larger than that in
the evapotranspiration of irrigation water. In
Europe on the contrary BMWS feed is preferen-
tially irrigated, while even in a critically water-
short region such as WANA, the BMWS feed
share of evapotranspiration from irrigated land
exceeds that of rainfed arable land. It is clear
that feed production consumes large amounts
of critically important water resources and com-
petes with other usages and users.

4.3 Water pollution

Most of the water used by livestock returns to
the environment. Part of it may be re-usable in
the same basin, while another may be polluted®
or evapotranspired and, thereby, depleted. Water
polluted by livestock production, feed production
and product processing detracts from the water
supply and adds to depletion.

Pollution mechanisms can be separated into
point source and non-point source. Point-source
pollution is an observable, specific and con-
fined discharge of pollutants into a water body.
Applied to livestock production systems, point-

¢ Water pollution is an alteration of the water quality by waste
to a degree that affects its potential use and results in
modified physico-chemical and microbiological properties
(Melvin, 1995).
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Table 4.7
Evapotranspiration of water for production of barley, maize, wheat and soybeanbean (BMWS] for feed
Irrigated BMWS feed Rainfed BMWS feed BMWS feed
Region/Country Evapotranspired Percentage Percentage Water Percentage irrigation
irrigation of total of total evapotranspired of total water ET as
water irrigation water km3 water percentage
km? water evapotranspired evapotranspired of total
evapotranspired  in irrigated in rainfed BMWS feed
areas' cropland water ET
North America 14.1 - 20.0 9-13 11-15 321 - 336 21-22 4-6
Latin America and
the Caribbean 3.0-3.8 6-8 7-9 220 - 282 12-15 1
Western Europe 8.5-9.5 25-28 25-29 65 - 99 14 -22 7-10
Eastern Europe 1.8-2.4 17 -22 19 -23 30 - 46 12-18 4-5
Commonwealth of
Independent States 23-6.0 3-7 3-7 19 -77 2-8 7-9
West Asia and North Africa 11.2-13.1 9-10 13-14 30 -36 9-1 17 -19
Sub-Saharan Africa 0.2 1 1 20 - 27 1-2 1
South Asia 9.1-11.7 2-3 2-3 36 - 39 3 16 -18
East and Southeast Asia 20.3 - 30.1 14 - 20 13-18 226 - 332 11-16 6-17
Oceania 0.3-0.6 3-5 3-5 1.7-12 1-4 5-12
Australia 0.3-0.6 3-5 ) 1.4-11 1-5 5-14
China 15.3-19.3 14-18 15-16 141 - 166 14-16 7-8
India 7.3-10.0 3 2-3 30-36 3 17 -18
Brazil 0.2-0.4 6-10 9-14 123 - 148 14 -16 0
World 81 -87 8-9 10 1103 -1150 10 - 11 b

Note: Figures in bold represent results of the Spatial Concentration approach. Other figures are based on the area wide integration
approach (see Annex 3.4 for details on the methodology). All figures are actual evapotranspiration (ET) estimates, based on total
irrigation and natural ET data provided by J. Hoogeveen, FAO (estimated according to the methodology described in FAO, 2003a).

! Evapotranspiration from irrigated areas is the sum of evapotranspiration from irrigation water and evapotranspiration from

precipitation in irrigated areas.
Source: Own calculations.

source pollution refers to feedlots, food process-
ing plants, and agrichemical processing plants.
Non-point source pollution is characterized by
a diffuse discharge of pollutants, generally over
large areas such as pastures.

4.3.1 Livestock waste

Most of the water used for livestock drinking
and servicing returns to the environment in
the form of manure and wastewater. Livestock
excreta contain a considerable amount of nutri-
ents (nitrogen, phosphorous, potassium), drug
residues, heavy metals and pathogens. If these
get into the water or accumulate in the soil, they
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can pose serious threats to the environment
(Gerber and Menzi, 2005). Different mechanisms
can be involved in the contamination of freshwa-
ter resources by manure and wastewater. Water
contamination can be direct through the loss via
runoff from farm buildings, losses from failure
of storage facilities, deposition of faecal material
into freshwater sources and deep percolation
and transport through soil layers via drainage
waters at farm level. It can also be indirect
through non-point source pollution from surface
runoff and overland flow from grazing areas and
croplands.
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Table 4.8
Nutrient intake and excretions by different animals
Animal Intake Retention Excretion Percentage
(kg/year] (kg/year] (kg/year] of N excreted
in mineral
N P N P N P form’
Dairy cow? 163.7 22.6 34.1 5.9 129.6 16.7 69
Dairy cow® 39.1 6.7 3.2 0.6 35.8 6.1 50
Sow? 46.0 11.0 14.0 3.0 32.0 8.0 73
Sow? 18.3 5.4 3.2 0.7 15.1 4.7 b4
Growing pig? 20.0 3.9 6.0 1.3 14.0 2.5 78
Growing pig® 9.8 2.9 2.7 0.6 7.1 2.3 59
Layer hen? 1.2 0.3 0.4 0.0 0.9 0.2 82
Layer hen® 0.6 0.2 0.1 0.0 0.5 0.1 70
Broiler? 1.1 0.2 0.5 0.1 0.6 0.1 83
Broiler® 0.4 0.1 0.1 0.0 0.3 0.1 60

T Assumed equivalent to urine N excretion. As mineral N is susceptible to volatilization, this percentage is often lower in manure

applied on the land.
2 Highly productive situations
3 Less productive situations.

Note: Owing to the variation in intake and nutrient content of the feeds, these values represent examples, not averages, for highly

and less productive situations.
Source: de Wit et al., (1997).

The main pollutants

Nutrient surpluses stimulate eutrophication and
may represent a health hazard

Nutrient intake by animals can be extremely high
(see Table 4.8). For example a productive dairy
cow ingests up to 163.7 kg of N and 22.6 kg of
P per year. Some of the nutrients ingested are
sequestered in the animal, but most of it return
to the environment and may represent a threat
to water quality. Annual nutrient excretions by
different animals are presented in Table 4.8. In
the case of a productive dairy cow 129.6 kg of
N (79 percent of the total ingested) and 16.7 kg
of P (73 percent] is excreted every year [de Wit
et al, 1997). The phosphorus load excreted by
one cow is equivalent to that of 18-20 humans
(Novotny et al, 1989). Nitrogen concentration is
highest in hog manure (76.2 g/N/kg dry weight],
followed by turkeys (59.6 g/kgl, poultry layers
(49.0), sheep (44.4), poultry broilers (40.0), dairy
cattle (39.6) and beef cattle (32.5). Phosphorus
content is highest in poultry layers (20.8 g/P/kg
dry weight], followed by hogs (17.6), turkeys

(16.5), poultry broilers (16.9), sheep (10.3), beef
(9.6) and dairy cattle (6.7) (Sharpley et al., 1998
in Miller, 2001). In intensive production areas,
these figures result in high nutrient surpluses
that can overwhelm the absorption capacities
of local ecosystems and degrade surface and
groundwater quality (Hooda et al., 2000).

According to our assessment, at the global
level, livestock excreta in 2004 were estimated
to contain 135 million tonnes of N and 58 mil-
lion tonnes of P. In 2004, cattle were the largest
contributors for the excretion of nutrients with
58 percent of N; pigs accounted for 12 percent
and poultry for 7 percent.

The major contributors of nutrients are the
mixed production systems that represent 70.5
percent of N and P excretion, followed by grazing
systems with 22.5 percent of the annual N and P
excretion. Geographically the biggest single con-
tributor is Asia, which represents 35.5 percent of
the global annual excretion of N and P.

High concentrations of nutrients in water
resources can lead to over-stimulation of aquatic
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plant and algae growth leading to eutrophication,

undesirable water flavour and odour, and exces-

sive bacterial growth in distribution systems.

They can protect micro-organisms from the

effect of salinity and temperature, and may pose

a public health hazard. Eutrophication is a natu-

ral process in the ageing of lakes and some estu-

aries, but livestock and other agriculture-related
activities can greatly accelerate eutrophication
by increasing the rate at which nutrients and
organic substances enter aquatic ecosystems
from their surrounding watersheds (Carney et
al., 1975; Nelson et al.,, 1996). Globally, the depo-
sition of nutrients (especially N) exceeds the
critical loads for eutrophication for 7-18 percent
of the area of natural and semi-natural ecosys-

tems (Bouwman and van Vuuren, 1999).

If the plant growth resulting from eutrophica-
tion is moderate, it may provide a food base for
the aquatic community. If it is excessive, algal
blooms and microbial activity may overuse dis-
solved oxygen resources, which can damage the
proper functioning of ecosystems. Other adverse
effects of eutrophication include:

e shifts in habitat characteristics owing to
change in the mix of aquatic plants;

e replacement of desirable fish by less desir-
able species, and the associated economic
losses:;

e production of toxins by certain algae;

e increased operating expenses of public water
supplies;

e infilling and clogging of irrigation canals with
aquatic weeds;

e loss of recreational use opportunities; and

e impediments to navigation due to dense weed
growth.

These impacts occur both in freshwater
and marine ecosytems, where algal blooms
are reported to cause widespread problems
by releasing toxins and causing anoxia (“dead
zones”), with severe negative impacts on aqua-
culture and fisheries (Environmental Protection
Agency, 2005; Belsky, Matze and Uselman, 1999;
Ongley, 1996; Carpenter et al., 1998).
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Phosphorus is often considered as the key
limiting nutrient in most aquatic ecosystems.
In proper functioning ecosystems the ability of
wetlands and streams to retain P is then crucial
for downstream water quality. But an increasing
number of studies have identified N as the key
limiting nutrient. In general terms, P tends to
be more of a problem with surface water qual-
ity, whereas N tends to pose more of a threat to
groundwater quality by nitrate leaching through
soil layers (Mosley et al, 1997; Melvin, 1995;
Reddy et al, 1999; Miller, 2001; Carney, Carty
and Colwell, 1975; Nelson, Cotsaris and Oades,
1996).

Nitrogen: Nitrogen is present in the environment
in different forms. Some forms are harmless,
while others are extremely harmful. Depending
on its form, N can be stored and immobilized
within the soil, or it can leach to groundwater
resources, or it can be volatized. Inorganic N is
very mobile through the soil layers compared to
organic N.

Nitrogen is excreted by livestock both in
organic and inorganic compounds. The inorganic
fraction is equivalent to the N emitted in urine
and is usually greater than the organic one.
Direct losses of N from excreta and manure take
four main forms: ammonia (NH3), dinitrogen
(N,), nitrous oxide (N,0) or nitrate (NO3-) (Mil-
chunas and Lauenroth, 1993; Whitmore, 2000).
Part of the inorganic N is volatized and emitted
as ammonia in animal houses, during deposition
and manure storage, after manure application
and on pastures.

Storage and application conditions of manure
greatly influence the biological transformation of
the N compounds, and the resulting compounds
pose different threats to the environment. Under
anaerobic conditions, nitrate is transformed into
harmless N, (denitrification). However, if organic
carbon is deficient, relative to nitrate, the pro-
duction of the harmful by-product N,0 increas-
es. This suboptimal nitrification occurs when
ammonia is washed directly from the soil into
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the water resources (Whitmore, 2000; Carpenter
etal., 1998).

Leaching is another mechanism whereby N is
lost to water resources. In its nitrate (NO3) form
(inorganic NJ, nitrogen is very mobile in soil solu-
tion, and can easily be leached below the rooting
zone to the groundwater, or enter the subsurface
flow. Nitrogen (especially its organic forms) can
also be carried into water systems through run-
off. The high levels of nitrate observed in water
courses close to grazing areas are mainly the
result of groundwater discharges and subsur-
face flow. When manure is used, as an organic
fertilizer, much of the nitrogen losses after
application are associated with mineralization
of soil organic matter at a time when there is no
crop cover (Gerber and Menzi, 2005; Stoate et al.,
20017; Hooda et al., 2000).

High levels of nitrate within water resources
may represent a health hazard. Excessive levels
in drinking water may cause methemoglobin-
emia (“blue baby syndrome”] and can poison
human infants. Among adults, nitrate toxicity
may also cause abortion and stomach cancers.
The WHO guide value for nitrate concentration
in drinking water is 45 mg/litre (10 mg/litre for
NO3-N) (Osterberg and Wallinga, 2004; Bellows,
2001; Hooda et al,, 2000). Nitrite (NO»-] is just
as susceptible to leaching as nitrate, and is far
more toxic.

Table 4.9

The serious water pollution threat represent-
ed by industrialized livestock production sys-
tems has been widely described. In the United
States, for example, Ritter and Chirnside (1987)
analysed NO3-N concentration in 200 ground-
water wells in Delaware (cited in Hooda et al.,
2000). Their results demonstrated the high local
risk presented by industrial livestock production
systems: in poultry production areas, the mean
concentration rate was 21.9 mg/litres compared
to 6.2 for corn production areas and 0.58 for for-
ested areas. In another study in Southwest Wales
(United Kingdom), Schofield, Seager and Mer-
riman, (1990) show that a river draining exclu-
sively from livestock farming areas was heavily
polluted with background levels of 3-5 mg/litres
of NH3-N and peaks as high as 20 mg/litres. The
high peaks may be after rains, because of waste
washing from farm backyards and manured
fields (Hooda et al., 2000).

Similarly, in Southeast Asia the LEAD initiative
analysed the land-based sources of pollution to
the South China Sea, with particular emphasis
on the contribution of the growing swine industry
in China, Thailand, Viet Nam and China’s Guang-
dong province. Pig waste was estimated to be
a greater contributor to pollution than human
domestic sources in the three countries. The
share of nutrient emissions in water systems
attributable to pig waste ranges from 14 per-

Estimated relative contribution of pig waste, domestic wastewater and non-point sources to nitrogen and

phosphorus emissions in water systems

Country/Province

Percentage contribution to nutrient emissions in water systems

Nutrient Potential load Pig Domestic Non-point
(tonnes) waste wastewater source

China-Guangdong N 530 434 72 9 19

P 219 824 94 1
Thailand N 491 262 14 9 77

P 52795 61 16 23
Viet Nam N 442 022 38 12 50

P 212120 92 5

Source: FAO (2004d).
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cent for N and 61 percent for P in Thailand to 72
percent for N and 94 percent for P in the China’s
Guangdong province (see Table 4.9) (Gerber and
Menzi, 2005).

Phosphorus: Phosphorus in water is not consid-
ered to be directly toxic to humans and animals
and, therefore, no drinking-water standards have
been established for P. Phosphorus contami-
nates water resources when manure is directly
deposited or discharged into the stream or when
excessive levels of phosphorus are applied to the
soil. Unlike nitrogen, phosphorus is held by soil
particles and is less subject to leaching unless
concentration levels are excessive. Erosion is
in fact the main source of phosphate loss and
phosphorus is transported in surface runoff in
soluble or particulate forms. In areas with high
livestock densities phosphorus levels may build
up in soils and reach water courses through
runoff. In grazing systems cattle treading on soil
affects the infiltration rate and macroporosity,
and causes loss of sediment and phosphorus via
overland flow from pasture and cultivated soil
(Carpenter et al.,, 1998; Bellows, 2001; Stoate et
al., 2001; McDowell et al., 2003).

Total organic carbon reduces oxygen levels in
water

Organic waste generally contains a large pro-
portion of solids with organic compounds that
can threaten water quality. Organic contamina-
tion may stimulate proliferation of algae, which
increases their demand for oxygen and reduces
available oxygen for other species. The bio-
logical oxygen demand (BOD) is the indicator
usually used to reflect water contamination by
organic materials. A literature review by Khaleel
and Shearer, (1998) found a strong correlation
between high BOD and high livestock numbers
or the direct discharge of farm effluents. Rain
plays a major role in the variation of BOD levels
in streams draining livestock areas, unless farm
effluents are directly discharged into the stream
(Hooda et al., 2000).
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Table 4.10

Ranges of BOD concentration for various wastes and
animal products

Source BOD (mag/Llitre)

Milk 140 000

Silage effluents 30 000-80 000

Pig slurry 20 000-30 000
Cattle slurry 10 000-20 000
Liquid effluents draining from

slurry stores 1000-12 000
Dilute dairy parlour and

yard washing (dirty water) 1000-5 000
Untreated domestic sewage 300
Treated domestic sewage 20-60
Clean river water 5

Source: MAFF-UK (1998).

Table 4.10 presents the BOD levels for various
wastes in England. Livestock-related wastes are
among those with the highest BOD. The impacts
of total organic carbon and associated levels of
BOD on water quality and on the ecosystems
have been assessed at the local level but lack of
data make extrapolation at higher scales impos-
sible.

Biological contamination represents a public
health hazard

Livestock excrete many zoonotic micro-organ-
isms and multi-cellular parasites of relevance
to human health (Muirhead et al., 2004). Patho-
genic micro-organisms can be water-borne or
food-borne, especially if the food crops are
watered with contaminated water (Atwill, 1995).
High quantities of pathogens have usually to be
directly discharged for an effective transmission
process to occur. Several biological contami-
nants can survive for days and sometimes weeks
in the faeces applied on land and may later con-
taminate water resources via runoff.

The most important water-borne bacterial
and viral pathogens that are of primary impor-
tance to public health and veterinary public
health are:
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Campylobacter spp.: Various species of cam-
pylobacter have an important role in human
gastrointestinal infection. Worldwide, campy-
lobacteriosis is responsible for approximately
5-14 percent of all cases of diarrhea (Institute
for International Cooperation in Animal Bio-
logics, Center for Food Security and Public
Health, 2005). Several cases of human clinical
illness attributable to water contaminated by
livestock have been documented (Lind, 1996;
Atwill, 1995).

Escherichia Coli 0157: H7: E. Coli O 157:H7 is
a human pathogen that can cause colitis and in
some cases hemolytic uremia syndrome. Cattle
have been implicated as a main source of con-
tamination in water-borne and food-borne E.coli
0157-H7 outbreaks and sporadic infections.
Complications and deaths are more frequent in
young children, the elderly and those with debili-
tating illnesses. In the United States, approxi-
mately 73 000 infections are reported to occur
yearly (Institute for International Cooperation in
Animal Biologics, Center for Food Security and
Public Health, 2004; Renter et al., 2003; Shere et
al., 2002; Shere, Bartless and Kasper, 1998].

Salmonella spp.: Livestock are an important
source for several Salmonella spp. infectious to
humans. Salmonella dublin is one of the more
frequently isolated serotypes from cattle and a
serious food-borne pathogen for humans. Sur-
face water contaminated with bovine S. dublin
or foods rinsed in contaminated water may
serve as vehicles of human infection. Salmo-
nella spp. have been isolated from 41 percent of
turkeys tested in California (United States) and
50 percent of chickens examined in Massachu-
setts (United States) (Institute for International
Cooperation in Animal Biologics, Center for Food
Security and Public Health, 2005; Atwill, 1995).

Clostridium botulinum: C. botulinum (the
organism that causes botulism) produces potent
neurotoxins. Its spores are heat-resistantand can
survive in foods that are incorrectly or minimally
processed. Among the seven serotypes, types A,
B, E and F cause human botulism, while types C

and D cause most cases of botulism in animals.
C. botulinum can be transported through runoff
from fields (Carney, Carty and Colwell, 1975;
Notermans, Dufreme and Oosterom, 1981).

Viral diseases: Several viral diseases can also
be of veterinary importance and may be associ-
ated with drinking water such as Picornavirus
infections (Foot-and-mouth disease, Teschen/
Talfan disease, Avian encephalomyelitis, Swine
vesicular disease, Encephalomyocarditis); Par-
vovirus infections; Adenovirus infections; Rin-
derpest virus; or Swine fever.

Livestock parasitic diseases are transmit-
ted either by ingesting environmentally robust
transmissive stages [spores, cysts, oocysts, ova,
larval and encysted stages) or via use of con-
taminated water in food processing or prepara-
tion, or via direct contact with infective parasitic
stages. Cattle act as a source of parasites for
human beings and many wildlife species (Olson
et al., 2004; Slifko, Smith and Rose, 2000). Excre-
tion of transmissible stages can be high, and the
threat to veterinary public health may extend far
beyond the contamination areas (Slifko, Smith
and Rose, 2000; Atwill, 1995). Among the para-
sites the most important water-related public
health hazards are Giardia spp., Cryptosporidia
spp., Microsporidia spp. and Fasciola spp.

Giardia lamblia and Cryptosporidium par-
vum: Both are protozoan microbes that can
cause gastrointestinal illness in humans (Buret
etal., 1990; Ong, 1996). G. lamblia and C. parvum
have become significant water-borne pathogens
as they are indigenous infections in many animal
species. Their oocysts are small enough to con-
taminate groundwater, and C. parvum oocysts
cannot be successfully removed by common
water treatment (Slifko, Smith and Rose, 2000;
East Bay Municipal Utility District, 2001; Olson
etal., 2004). Worldwide, the prevalence in human
population is 1 to 4.5 percent in developed coun-
tries and 3 to 20 percent in developing countries
(Institute for International Cooperation in Animal
Biologics, Center for Food Security and Public
Health, 2004).
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Microsporidia spp: Microsporidia spp are
intracellular spore-forming protozoa. Fourteen
species are identified as opportunistic or emerg-
ing pathogens for human beings. In developing
countries, Microsporidia species represent an
even greater public health hazard, as infections
were found predominantly in immuno-compro-
mised individuals. The disease is usually borne,
but it is also a potential emerging meat-borne
zoonosis, which may also be acquired from
raw or lightly cooked fish or crustaceans. The
presence of human pathogenic Microsporidia in
livestock or companion animals has been widely
reported. Enterocytozoon bieneusi (the most
frequently diagnosed species in humans] was
reported in pigs, cattle, cats, dogs, llama and
chickens (Slifko, Smith and Rose, 2000; Fayer et
al., 2002).

Fasciola spp.: Fasciolosis (Fasciola hepatica
and Fasciola gigantica) is an important parasitic
infection of herbivores and a food-borne zoono-
sis. The most common transmission route is the
ingestion of contaminated water. Food (such as
salads) contaminated with metacercariae-con-
taminated irrigation water may also be a pos-
sible transmission route (Slifko, Smith and Rose,
2000; Conceicao et al., 2004; Velusamy, Singh
and Raina, 2004).

Drug residues contaminate aquatic environments

Pharmaceuticals are used in large quantities
in the livestock sector, mainly antimicrobials
and hormones. Antimicrobials have a variety of
use. They are given for therapeutic purposes
to animals but are also given prophylactically
to entire groups of healthy animals, typically
during stressing events with high risk of infec-
tions, such as after weaning or during transport.
They are also given to animals routinely in feed
or water over longer periods of time to improve
growth rates and feed efficiency. When antimi-
crobials are added to feed or water at lower-
than-therapeutic rates some scientists refer to
them as “subtherapeutic” or “nontherapeutic”
uses (Morse and Jackson, 2003; Wallinga, 2002).
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Hormones are used to increase feed conversion
efficiency, particularly in the beef and pig sector.
Their use is not permitted in a series of coun-
tries, particularly in Europe (FAO, 2003a).

In developed countries, drug use for animal
production represents a high share of total use.
About half of the 22.7 million kg of antibiotics
produced in the United States annually is used
on animals (Harrison and Lederberg, 1998). The
Institute of Medicine (IOM) estimates that about
80 percent of the antibiotics administered to live-
stock in the United States are used for non-ther-
apeutic reasons, i.e. for disease prophylaxis and
growth promotion (Wallinga, 2002). In Europe,
the amount of antibiotics used decreased after
1997, as a result of prohibition of some of the
substances and public discussion on their use.
In 1997, 5 093 tonnes were used, including 1599
tonnes as growth promoters (mostly polyether
antibiotics). In 1999, in EU-15 (plus Switzerland)
4 688 tonnes of antibiotics were used in livestock
production systems. Of these 3 902 tonnes (83
percent) were used for therapeutic reasons (tet-
racyclines were the most common group) while
only 786 tonnes were used as growth promot-
ers. The four feed additives substances left in
the EU (monensin, avilamycin, flavomycin and
salinomycin] will be prohibited in the EU by 2006
(Thorsten et al., 2003). The World Health Organi-
zation (WHO) has recently called for a ban on the
practice of giving healthy animals antibiotics to
improve their productivity (FAQ, 2003a).

No data are available on the amounts of hor-
mones used in the different countries. Endo-
crine disruptors interfere with the normal func-
tion of body hormones in controlling growth,
metabolism and body functions. They are used
in feedlots as ear implants or as feed additives
(Miller, 2001). The natural hormones commonly
used are: estradiol (estrogen), progesterone, and
testosterone. The synthetic ones are: zeranol,
melengestrol acetate, and trenbolone acetate.
Around 34 countries have approved hormones
for use in beef production. Among them are the,
Australia, Canada, Chile, Japan, Mexico, New
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Zealand, South Africa and the United States.
When hormones are used cattle experience an 8
to 25 percent increase in daily weight gain with up
to a 15 percent gain in feed efficiency (Canadian
Animal Health Institute, 2004). No negative direct
impacts on human health as a result of their cor-
rect application have been scientifically proven.
However, the EU, partly in response to consumer
pressure, has taken a strict stand on the use of
hormones in livestock production (FAQ, 2003a).

However, a substantial portion of the drugs
used is not degraded in the animal's body and
ends up in the environment. Drug residues
including antibiotics and hormones have been
identified in various aquatic environments
including groundwater, surface water, and tap
water (Morse and Jackson, 2003). The US Geo-
logical Survey found antimicrobial residues in 48
percent of 139 streams surveyed nationwide and
animals were considered possible contributors,
especially where manure is spread over agri-
cultural land (Wallinga, 2002). For hormones,
Estergreen et al. (1977) reported that 50 per-
cent of progesterone administrated to cattle
was excreted in the faeces and 2 percent in the
urine. Shore et al. (1993) found that testosterone
was readily leached from soil, but estradiol and
estrone were not.

Since even low concentrations of antimicro-
bials exert a selective pressure in freshwater,
bacteria are developing resistance to antibiot-
ics. Resistance can be transmitted through the
exchange of genetic material between micro-
organisms, and from non-pathogenic to patho-
genic organisms. Because they can confer an
evolutionary advantage, such genes spread
readily in the bacterial ecosystem: bacteria that
acquire resistance genes can out-compete and
propagate faster than non-resistant bacteria
(FAO, 2003a; Harrison and Lederberg, 1998;
Wallinga, 2002). Beside the potential spread of
antibiotic resistances, this represents a source
of considerable environmental concern.

With hormones, the environmental concern
relates to their potential effects on crops and

possible endocrine disruption in humans and
wildlife (Miller, 2001). Trenbolone acetate can
remain in manure piles for more than 270 days,
suggesting that water can be contaminated by
hormonally active agents through runoff for
example. The links between livestock use of hor-
mones and associated environmental impacts is
not easily demonstrated. Nevertheless, it would
explain wildlife showing developmental, neuro-
logic, and endocrine alterations, even after the
ban of known estrogenic pesticides. This sup-
position is supported by the increasing number
of reported cases of feminization or masculin-
ization of fish and the increased incidence of
breast and testicular cancers and alterations of
male genital tracts among mammals (Soto et
al., 2004).

Antimicrobials and hormones are not the only
drugs of concern. For example, high quantities
of detergents and disinfectants are used in dairy
production. Detergents represent the biggest
portion of chemicals used in dairy operations.
High levels of antiparasitics are also used in live-
stock production system (Miller, 2002; Tremblay
and Wratten, 2002).

Heavy metals use in feed return to the
environment

Heavy metals are fed to livestock, at low con-
centrations, for health reasons or as growth
promoters. Metals that are added to livestock
rations may include copper, zinc, selenium,
cobalt, arsenic, iron and manganese. In the pig
industry, copper (Cu) is used to enhance per-
formance as it acts as an antibacterial agent in
the gut. Zinc (Zn) is used in weaner-pig diets for
the control of post-weaning diarrhoea. In the
poultry industry Zn and Cu are required as they
are enzyme co-factors. Cadmium and selenium
are also used and have been found to promote
growth in low doses. Other potential sources of
heavy metals in the livestock diet include drink-
ing water, some limestone and the corrosion
of metal used in livestock housing (Nicholson,
2003; Miller, 2001; Sustainable Table, 2005).
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Animals can absorb only 5 to 15 percent of
the metals they ingest. Most of the heavy metals
they ingest are, therefore, excreted and return to
the environment. Water resources can also be
contaminated when foot baths containing Cu and
Zn are used as hoof disinfectants for sheep and
cattle (Nicholson, 2003; Schultheif3 et al., 2003;
Sustainable Table, 2005).

Heavy metal loads deriving from livestock
have been analysed locally. In Switzerland, in
1995, it was found that the total heavy metal load
in manures amounted to 94 tonnes of copper,
453 tonnes of zinc, 0.375 tonnes of cadmium and
7.43 tonnes of lead from a herd of 1.64 million
cattle and 1.49 million pigs (FAO, 2006b). Of this
load 64 percent (of the zinc) to 87 percent (of the
lead) were in cattle manure (Menzi and Kessler,
1998). Nevertheless, the highest concentration
of copper and zinc was found in pig manure.

Pollution pathways

1. Point-source pollution from intensive
production systems

As presented in Chapter 1, the major structural
changes occurring in the livestock sector today
are associated with the development of indus-
trial and intensive livestock production systems.
These systems often involve large numbers of
animals concentrated in relatively small areas
and in relatively few operations. In the United
States for example, 4 percent of the cattle feed-
lots represent 84 percent of cattle production.
Such concentrations of animals creates enor-
mous volumes of waste that have to be managed
in order to avoid water contamination (Carpenter
et al, 1998). The way the waste is managed var-
ies widely and the associated impacts on water
resources vary accordingly.

In developed countries regulatory frameworks
exist, but rules are often circumvented or vio-
lated. For example in the State of lowa (United
States) 6 percent of 307 major manure spills
were from deliberate actions such as pumping
manure onto the ground or deliberate breach-
es of storage lagoons, while 24 percent were
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caused by failure or overflow of a manure stor-
age structure (Osterberg and Wallinga, 2004). In
the United Kingdom, the number of reported pol-
lution incidents related to farm wastes increased
in Scotland from 310 in 1984 to 539 in 1993, and
in England and Northern Ireland from 2 367 in
1981 to 4141 in 1988. Runoff, from intensive
livestock production units, is also one of the
major sources of pollution in countries where
the livestock sector is intensified.

In developing countries, and in particular in
Asia, structural change in the sector, and subse-
quent changes in manure management practic-
es, have caused similar negative environmental
impacts. The growth in scale and geographical
concentration in the vicinity of urban areas are
causing gross land/livestock imbalances that
hamper manure recycling options such as use
as fertilizer on cropland. In such conditions,
the costs of transporting manure to the field
are often prohibitive. In addition, peri-urban
land is too expensive for affordable treatment
systems such as lagooning. As a result, most
of the liquid manure from such operations is
directly discharged into waterways. This pollu-
tion takes place amid high human population
densities, increasing the potential impact on
human welfare. Treatment is only practised on
a minority of farms and is largely insufficient to
reach acceptable discharge standards. Although
related regulations are in place in developing

© LEAD/HARALD MENZI

Animal waste lagoon in a pig farm -
Central Thailand 2000



Livestock’s role in water depletion and pollution

countries, they are rarely enforced. Even when
waste is collected (such as in a lagoon] a con-
siderable part is often lost by leaching or by
overflow during the rainy season, contaminating
surface water and groundwater resources (Ger-
ber and Menzi, 2005).

Since most pollution goes unrecorded, there is
a lack of data, and so a comprehensive evaluation
of the level of livestock-related point-source pol-
lution at the global level is not possible. Looking
at the global distribution of intensive livestock
production systems (see Map 14 and 15, Annex 1)
and based on local studies highlighting the exis-
tence of direct water contamination by intensive
livestock activities, it is clear that much of the
pollution is focussed in areas with high density
of intensive livestock activities. These areas are
mainly located in the United States (Western
and Eastern coasts), in Europe (Western France,
Western Spain, England, Germany, Belgium,
the Netherlands, Northern Italy, and Ireland],
in Japan, China and Southeast Asia (Indonesia,
Malaysia, the Philippines, Taiwan Province of
China, Thailand, Viet Nam), in Brazil, Ecuador,
Mexico, Venezuela and in Saudi Arabia.

2. Non-point source pollution from pastures
and arable land

The livestock sector can be linked to three main
non-point source mechanisms.

First, part of livestock wastes and, in particu-
lar, manure are applied on land as fertilizer for
food and feed production.

Second, in extensive livestock production sys-
tems surface water contamination by waste may
come from direct deposition of faecal material
into waterways, or by runoff and subsurface flow
when deposited on the soil.

Third, livestock production systems have a
high demand for feed and forage resources that
often require additional inputs such as pesti-
cides or mineral fertilizers that may contaminate
water resources after being applied on land
(this aspect will be further described in Section
4.3.4).

Manure is spread onto a field in Wisconsin -
United States

Polluting agents deposited on rangelands and
agricultural lands may contaminate ground and
surface water resources. Nutrients, drug resi-
dues, heavy metals or biological contaminants
applied on land can leach through the soil layers
or can be washed away via run off. The extent
to which this happens depends on soil and
weather characteristics, the intensity, frequency
and period of grazing and the rate at which
manure is applied. In dry conditions, overland
flow events may not be frequent, so most faecal
contamination is the result of an animal defecat-
ing directly into a waterway (Melvin, 1995; East
Bay Municipal Utility District, 2001; Collins and
Rutherford, 2004; Miner, Buckhouse and Moore,
1995; Larsen, 1995; Milchunas and Lauenroth,
1993; Bellows, 2001; Whitmore, 2000; Hooda et
al., 2000; Sheldrick et al., 2003; Carpenter et al,,
1998).

The degree of land degradation has an effect
on the mechanisms and amounts of pollution.
As plant cover is reduced, and as soil detach-
ment and subsequent erosion are increased,
runoff also increases, and so does the transport
of nutrients, biological contaminants, sediments
and other contaminants to water courses. The
livestock sector has a complex impact, as it
represents an indirect and direct source of pollu-
tion, and also influences directly (via land degra-
dation) the natural mechanisms that control and
mitigate pollution loads.
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The application of manure on agricultural
lands is motivated by two compatible objectives.
First (from an environmental and/or economic
viewpoint) it is an effective organic fertilizer and
reduces the need for purchased chemical inputs.
Second, it usually is a cheaper option than treat-
ing manure to meet discharge standards.

Nutrients recovered as manure and applied
on agricultural lands were estimated globally at
34 million tonnes of N and 8.8 million tonnes of
P in 1996 (Sheldrick, Syers and Lingard, 2003).
The contribution of manure to total fertilizers
has been declining. Between 1961 and 1995, the
relative percentages decreased for N from 60
percent to 30 percent, and for P from 50 percent
to 38 percent (Sheldrick, Syers and Lingard,
2003). Nevertheless, for many developing coun-
tries manure remains the main nutrient input to
agricultural lands (see Table 4.11). The biggest
contribution rates of manure to fertilization are
observed in Eastern Europe and the CIS (56 per-
cent) and sub-Saharan Africa (49 percent) These
high rates, especially in sub-Saharan Africa,
reflect abundance of land and the high economic
value of manure as fertilizer, compared to min-
eral fertilizer, which may be unaffordable or not
available at all in some places

The use of manure as fertilizer should not
be considered as a potential threat to water
pollution but more as a means to reduce it.
When appropriately used, recycling of livestock
manure reduces the need for mineral fertilizer.
In countries where the recycling rate and the
relative contribution from manure to total N
application are low there is obviously a need for
better manure management.

Using manure as a source of organic fertil-
izer presents other advantages regarding water
pollution by nutrients. Since a high share of the
N contained in manure is present in organic
form, it becomes available for crops only gradu-
ally. Furthermore, the organic matter contained
in the manure improves soil structure, and
increases water retention and cation exchange
capacity (de Wit et al,, 1997). Nevertheless, the
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organic N is also mineralized at times with low
N uptake of crops. At such times the N released
is most vulnerable to leaching. In Europe a
large part of water contamination by nitrate is
the result of the mineralization of organic N in
autumn and spring.

When the primary function sought from
manure application is as a cost-effective organic
fertilizer, its use has traditionally been based on
N rather than P uptake by crops. However, as
the intake rates of N and P by crops are differ-
ent from the N/P ratio in livestock excreta, this
situation has often resulted in an increased level
of P in manured soils over time. As the soil is
not an infinite sink for P, this situation resulted
in an increasing leaching process for P (Miller,
2001). Furthermore, when manure is used as
a soil conditioner the dose of P applied on the
land often exceeds the agronomic demand and
P levels build up in soils (Bellows, 2001; Gerber
and Menzi, 2005).

When the primary function sought from
manure application is as a cost-effective waste-
management practice, crop farmers tend to apply
manure at rates that are excessive in intensity
and frequency and may also be mistimed and
exceeding the vegetation demand. Over-appli-
cation is mainly driven by high transport and
labour costs, which often limit the use of manure
as an organic fertilizer to the direct vicinity of
industrialized livestock production systems. As
a result, manure is applied in excess, leading to
accumulation in the soil and water contamina-
tion through runoff or leaching.

Nutrient accumulation in soils is reported
worldwide. For example, since in the United
States and Europe only 30 percent of the P input
in fertilizer is taken up in agricultural produce, it
is estimated that there is an average accumula-
tion rate of 22 kg of P/ha/yr (Carpenter et al,
1998). The impact of livestock intensification on
nutrient balance was analysed in Asia by Gerber
et al. (2005), see Box 4.2.

P losses to watercourses are typically esti-
mated to be in the range of 3 to 20 percent of
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Table 4.11

Global N and P application on crops and pasture from mineral fertilizer and animal manure

Region/country Crops Pasture Contribution
Mineral Mineral of
fertilizer Manure fertilizer Manure manure
toN
Area N N P Area N N P fertilization
million ha [ thousand tonnes ........... ) million ha [ thousand tonnes ........... ] Percentage
North America
Canada 46.0 1576.0 207.0 115.3 20.0 0.0 207.0 115.3 2
United States 190.0 11150.0 1583.0 881.7 84.0 0.0 1583.0 881.7
Central America 40.0 1424.0 351.0 192.4 22.0 25.0 351.0 192.4 43
South America 111.0 2283.0 1052.0 576.8 59.0 12.0 1051.0 576.2
North Africa 22.0 1203.0 36.0 18.5 10.0 0.0 34.0 17.4 10
West Asia 58.0 2376.0 180.0 92.3 48.0 0.0 137.0 70.2
Western Africa 75.0 156.0 140.0 71.9 26.0 0.0 148.0 76.0
Eastern Africa 41.0 109.0 148.0 76.0 24.0 31.0 78.0 40.0 49
Southern Africa 42.0 480.0 79.0 40.6 50.0 3074.0 3085.0 1583.8
OECD Europe 90.0 6416.0 3408.0 1896.7 18.0 210.0 737.0 410.2 38
Eastern Europe 48.0 1834.0 757.0 413.4 177.0 760.0 2389.0 1304.5 56
Former Soviet Union 230.0 1870.0 2392.0 1306.2 13.0 17.0 167.0 91.2
South Asia 206.0 12 941.0 3816.0 1920.9 10.0 0.0 425.0 213.9
East Asia 95.0 24 345.0 5150.0 33583 29.0 0.0 1 404.0 915.5 10
Southeast Asia 87.0 4216.0 941.0 512.0 15.0 0.0 477.0 259.5
Oceania 49.0 651.0 63.0 38.9 20.0 175.0 52.0 32.1 29
Japan 4.0 436.0 361.0 223.0 0.0 27.0 59.0 36.4
World 1436.0 73 467.0 20 664.0 11 734.7 625.0 4331.0 12 384.0 6816.6 30

Note: Data refers to 1995.
Source: FAO/IFA (2001).

the P applied (Carpenter et al, 1998; Hooda et
al., 1998). N losses in runoff are usually under
5 percent of the applied rate in the case of fertil-
izer (see Table 4.12). However, this figure does
not reflect the true contamination level, as it
does not include infiltration and leaching. In fact,
overall N export from agricultural ecosystems to
water, as a percentage of fertilizer input, ranges
from 10 percent to 40 percent from loam and clay
soils to 25 to 80 percent for sandy soils (Carpen-
ter et al., 1998). These estimates are consistent
with figures provided by Galloway et al. (2004)
who estimate that 25 percent of the N applied
escapes to contaminate water resources.

Nutrient losses from manured lands and their
potential environmental impacts are significant.
Based on the above figures, we can estimate
that every year 8.3 million tonnes of N and 1.5
million tonnes of P coming from manure end
up contaminating freshwater resources. The
biggest contributor is Asia with 2 million tonnes
of N and 0.7 million tonnes of P (24 percent and
47 percent respectively of global losses from
manured lands).

Livestock manure can also contribute sig-
nificantly to heavy metal loads on crop fields.
In England and Wales, Nicholson et al. (2003)
estimated that approximately 1900 tonnes of
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Table 4.12
Estimated N and P losses to freshwater ecosystems from manured agricultural lands
Region N from N losses to P from P losses to
animal manure freshwater animal manure freshwater
Crops Pasture courses Crops Pasture courses

l. thousand tonnes ")
North America
Canada 207.0 207.0 104.0 115.3 20.0 16.2
United States 1583.0 1583.0 792.0 881.7 84.0 115.9
Central America 351.0 351.0 176.0 192.4 22.0 25.7
South America 1052.0 1051.0 526.0 576.8 59.0 76.3
North Africa 36.0 34.0 18.0 18.5 10.0 3.4
West Asia 180.0 137.0 79.0 92.3 48.0 16.8
Western Africa 140.0 148.0 72.0 71.9 26.0 1.7
Eastern Africa 148.0 78.0 57.0 76.0 24.0 12.0
Southern Africa 79.0 3085.0 791.0 40.6 50.0 10.9
OECD Europe 3408.0 737.0 1036.0 1896.7 18.0 229.8
Eastern Europe 757.0 2389.0 787.0 413.4 177.0 70.8
Former Soviet Union 2392.0 167.0 640.0 1306.2 13.0 158.3
South Asia 3816.0 425.0 1060.0 1920.9 10.0 231.7
East Asia 5150.0 1 404.0 1639.0 33583 29.0 406.5
Southeast Asia 941.0 477.0 355.0 512.0 15.0 63.2
Oceania 63.0 52.0 29.0 38.9 20.0 7.1
Japan 361.0 59.0 105.0 223.0 0.0 268
World 20 664.0 12 384.0 8262.0 11 734.7 625.0 1483.2

Source: FAO and IFA (2001); Carpenter et al. (1998]; Hooda et al. [1998); Galloway et al. (2004).

zinc (Zn) and 650 tonnes of copper (Cu] were
applied to agricultural land in the form of live-
stock manure in 2000, representing 38 percent of
annual Zn input (see Table 4.13). In England and
Wales, cattle manure is the biggest contributor
to heavy metal deposition by manure, mainly
because of the large quantities produced rather
than to elevated metal contents (Nicholson et al.,
2003). In Switzerland manure is responsible for
about two-thirds of the Cu and Zn load in fertil-
izers and for about 20 percent of the Cd and Pb
load (Menzi and Kessler, 1998).

There is growing awareness that the heavy
metal content in the soil is increasing in many
locations and that critical levels could be reached
within the foreseeable future (Menzi and Kessler,
1998; Miller, 2001; Schulthei3 et al., 2003).
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Within pastures, livestock are an additional
source of P and N input to the soil in the form
of urine and dung patches. Animals generally do
not graze uniformly across a landscape. Nutri-
ent impacts concentrate most where animals
congregate, and they vary depending on graz-
ing, watering, travelling and resting behaviours.
When not taken up by plants or volatized into
the atmosphere, these nutrients may contami-
nate water resources. Plant capacity to mobilize
nutrients is overwhelmed most of the time by
the high instantaneous local application rate
of nutrients. Indeed, in improved cattle grazing
systems, the daily urine excretion per urination
of a grazing cow is of the order of 2 litres applied
to an area of about 0.4 m?2 This represents an
instantaneous application of 400-1 200 kg N per
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Table 4.13

Heavy metal inputs to agricultural land in England and Wales in 2000

Inputs per year (tonnes)

Source Zn Cu Ni Pb Cd Cr As Hg
Atmospheric deposition 2 457 631 178 604 21 863 35 "
Livestock manure 1858 643 53 48 4.2 36 16 03
Sewage sludge 385 27 28 106 1.6 78 2.9 1.1
Industrial waste 45 13 3 3 0.9 3.9 n.d. 0.1
Inorganic fertilizer Nitrogen 19 13 2 6 1.2 4 1.2 <0.1

Phosphate 213 30 21 3 10 104 7.2 <0.1

Potash 3 2 <1 1 0.2 1 0.2 <0.1

Lime 32 7 15 6 0.9 17 n.d. n.d.

Total 266 53 37 16 12 126 8.5 0.1
Agrochemicals 21 8 0 0 0 0 0 0
Irrigation Water 5 2 <1 <1 <0.1 <1 0.1 n.d.
Composts <1 <1 <1 <1 <0.1 <1 n.d. <0.1
Total 5038 1621 299 778 40 327 62 13

Note: n.d. - no data.
Source: Nicholson et al. (2003).

hectare which exceeds annual grass mobilization
capacity of 400 kg N ha' in temperate climates.
These patterns often lead to a redistribution
of nutrients across the landscape, generating
local point sources of pollution. Furthermore,
this high instantaneous application of nutrients
may burn the vegetation (high plant root toxic-
ity), impairing the natural recycling process for
months (Milchunas, and Lauenroth; Whitmore,
2000; Hooda et al., 2000).

At the global level, 30.4 million tonnes of N
and 12 millions tonnes of P are deposited annu-
ally by livestock in grazing systems. The direct
deposition of manure on pastures is extremely
important in Central and South America, which
represent 33 percent of the global direct depo-
sition for N and P. Nevertheless, this is greatly
underestimated as it only includes pure grazing
systems. Mixed systems also contribute to the
direct deposition of N and P on grazed fields.
This adds to the organic or mineral fertilizers
applied on grasslands and poses an additional
threat to water quality.

Within pastures the effects of grazing intensity

on surface water are varied. Moderate grazing
intensity does not usually increase P and N loss-
es in runoff from pasture and, therefore, does not
affect water resources significantly (Mosley et al.,
1997). However, intensive grazing activities do
generally increase P and N losses in runoff from
pasture and increase N leaching to groundwater
resources (Schepers, Hackes and Francis, 1982;
Nelson, Cotsaris and Oades, 1996; Scrimgeour
and Kendall, 2002; Hooda et al., 2000).

4.3.2 Wastes from livestock processing

Slaughterhouses, meat-processing plants, dair-
ies and tanneries have a high polluting potential
locally. The two polluting mechanisms of con-
cern are the direct discharge of wastewater into
freshwater courses, and surface runoff originat-
ing from processing areas. Wastewater usu-
ally contains high levels of total organic carbon
(TOC) resulting in high biological oxygen demand
(BOD), which leads to a reduction of oxygen lev-
els in water and suppression of many aquatic
species. Polluting compounds also include N,
P and chemicals from tanneries including toxic
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Livestock distributions in Asia have two major pat-
terns. In South Asia and western China, ruminants
dominate. In these areas production systems are
mixed or extensive, mostly traditional, and live-
stock densities follow agro-ecological land and
climate patterns. In India, ruminants account for
more than 94 percent of the excretion of P,0s. This
preponderance of the contribution of ruminants to
P,05 excretion is also noted in Bangladesh, Bhutan,
Cambodia, Laos, Myanmar and Nepal, where rumi-
nants contribute to more than 75 percent of the
excreted P,0s.

On the other hand, East and Southeast Asia are
dominated by pigs and poultry. Monogastrics (pigs
and poultry) account for more than 75 percent of

the excreted phosphorus (P,0s) in large parts of

Box 4.2 Impact of livestock intensification on nutrient balance in Asia

China, Indonesia, Malaysia and Viet Nam around
urban centres.

There is a strong heterogeneity across the study
area regarding the P,05 balance, from areas esti-
mated to have a negative balance (mass balance
lower than 10 kg/ha) to areas with high surpluses
(mass balance higher than 10 kg/ha). For the whole
study area, 39.1 percent of agricultural land is
estimated to be in a balanced situation with regard
to P,0s (MASS BALANCE - 10 to +10 kg P,0s), while
23.6 percent is classified as overloaded - mainly
in eastern China, the Ganges basin and around
urban centres such as Bangkok, Ho Chi Minh City
and Manila, with especially high surpluses at the
periphery of urban centres.

On average, livestock manure is estimated to

compounds such as chromium (de Haan, Stein-
feld and Blackburn, 1997).

Slaughterhouses
A high potential to pollute locally
In developing countries the lack of refrigerated
systems often leads to the siting of abattoirs in
residential areas to allow delivery of fresh meat.
A wide variety of slaughter sites and levels of
technology exist. In principle, large scale indus-
trial processing facilitates a higher utilization
of by-products such as blood and facilitates
the implementation of wastewater treatment
systems and the enforcement of environmental
regulations (Schiere and van der Hoek, 2000;
LEAD, 1999]). However, in practice large-scale
abattoirs often import their technology from
developed countries without the corresponding
rendering and waste treatment facilities. When
proper wastewater-management systems are
not in place, local abattoirs may represent a high
threat to water quality locally.

Direct discharges of wastewater from slaugh-
ter houses are commonly reported in developing
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countries. Wastewater from abattoirs is contam-
inated with organic compounds including blood,
fat, rumen contents and solid waste such as
intestines, hair and horns (Schiere and van der
Hoek, 2000). Typically 100 kg of paunch manure
and 6 kg of fat are produced as waste per tonne
of product. The primary pollutant of concern
is blood, which has a high BOD (150000 to
200 000 mg/litre). Polluting characteristics per
tonne of liveweight killed are presented in Table
4.14 and are relatively similar between red meat
and poultry slaughterhouses (de Haan, Steinfeld
and Blackburn, 1997).

Looking at the European target values for
urban waste discharge (e.g. 25 mg BOD, 1015
mg N and 12 mg P per litre], wastewater from
slaughterhouses has a high potential for water
pollution even when discharged at low lev-
els. Indeed, if directly discharged into a water
course, the wastewater originating from the pro-
cessing of 1 tonne of read meat contains 5 kg of
BOD, which would need to be diluted into 200 000
litres of water in order to comply with EU stan-
dards (de Haan, Steinfeld and Blackburn, 1997).



Livestock’'s role in water depletion and pollution

Box 4.2 cont.

account for 39.4 percent of the agricultural P,0s
supply. Livestock are the dominant agricultural
source of P,05 around urban centres and in live-
stock-specialized areas (southern and northeast-
ern China), while mineral fertilizers are dominant
in crop (rice) intensive areas. Mineral fertilizers
represent the bulk of the P,05 load in lowlands
where rice is the dominant crop: Ganges basin,
eastern and southern Thailand, Mekong delta, and
eastern China (Jiangsu, Anhui and Henan prov-
inces). On the other hand, manure represents more

than half of the phosphate surplus in north-eastern

China, southeastern China, Taiwan Province of
China, and at the periphery of urban centres such
as Hanoi, Ho Chi Minh, Bangkok and Manila.

These observations suggest that there is high
potential for better integration of crop and livestock
activities. In overloaded areas, part of the mineral
fertilizers could, in fact, be substituted by manure,
thus substantially decreasing the environmental
impacts on land and water. If the potential substi-
tution seems obvious, its implementation on the
ground raises a series of issues and constraints
(Gerber et al., 2005).

Map 4.1

Percentage

- No overload
B oo 20

20 to 40

| 40t0 60
[ soto80
B 500 100

Source: Gerber et al. (2005).

Estimated contribution of livestock to total P,0s supply on agricultural land,
in an area presenting a P,0s mass balance of more than 10 kg per hectare.
Selected Asian countries - 1998 to 2000.
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Table 4.14
Typical waste water characteristics from animal processing industries
Operation BOD SS Nkj-N P

[.. kg ]
Red meat slaughterhouse (per ton LWK) 5 5.6 0.68 0.05
Red meat packinghouses (per ton LWK] 1 9.6 0.84 0.33
Poultry slaughterhouse (per ton LWK) 6.8 35
Dairies (per ton of milk) 4.2 0.5 <0.1 0.02

Note: LWK - Liveweight killed; SS - Suspended solids; NKj - the Kjeldahl nitrogen is the sum total of organic and ammonia-

nitrogen
Source: de Haan, Steinfeld and Blackburn (1997).

Tanneries

Source of wide range of organic and chemical
pollutants

The tanning process is a potential source of
high local pollution, as tanning operations may
produce effluents contaminated with organic
and chemical compounds. The individual loads
discharged in effluents from individual process-
ing operations are summarized in Table 4.15.
Pretanning activities (including cleaning and
conditioning hides and skins) produce the big-
gest share of the effluent load. Water is con-
taminated with dirt, manure, blood, chemical
preservatives and chemicals used to dissolve
hairs and epidermis. Acid ammonium salts,
enzymes, fungicides, bactericides and organic
solvents are widely used to prepare the skins for
the tanning process.

Some 80 to 90 percent of the world’s tanneries
now use chromium (Cr 1] salts in their tanning
processes. Under conventional modern tech-
nologies, 3 to 7 kg of Cr, 137 to 202 kg of Cl-, 4
to 9 kg of S,- and 52 to 100 kg of SO4% are used
per tonne of raw hide. This represents locally a
high environmental threat to water resources if
adapted wastewater treatments are not in place
- as is often the case in developing countries.
Indeed in most developing countries tannery
effluent is disposed of by sewer, discharged to
inland surface water and/or irrigated to land
(Gate information services - GTZ, 2002; de Haan,
Steinfeld and Blackburn, 1997).
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Wastewater from tanneries, with its high con-
centrations of chromium and hydrogen sul-
fides, greatly affects local water quality and
ecosystems, including fish and other aquatic
life. Cr (I} and Cr (VI) salts are known to be
carcinogenic compounds (the latter being much
more toxic). According to WHO standards, the
maximum allowed concentration of chromium
for safe drinking water is 0.05mg/L. In areas of
high tannery activity the level of chromium in
freshwater resources can far exceed this level.
When mineral tannery wastewater is applied
on agricultural land, soil productivity can be
adversely affected, and the chemical compounds
used during the tanning process can leach and
contaminate groundwater resources (Gate infor-
mation services GTZ, 2002; de Haan, Steinfeld
and Blackburn, 1997; Schiere and van der Hoek,
2000).

Traditional tanning structures (the remaining
10 to 20 percent) use vegetable tanning barks
and nuts throughout the entire tanning process.
Even if vegetable tannins are biodegradable, they
still represent a threat to water quality when
used in large quantities. Suspended organic
matter (including hair, flesh, and blood residues)
originating from the treated skins and vegetable
tanning can make water turbid and poses a seri-
ous threat to water quality.

Advanced technologies can greatly reduce the
pollution loads, especially of chromium, sulphur
and ammonia nitrogen (see Table 4.15)
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Table 4.15

Pollution loads discharged in effluents from individual tanning operations

Pollution load (kg/tonnes raw hide)

Operation Technology SS cob BOD Cr Sy- NH;-N TKN cr S0, 2
Soaking Conventional ~ 11-17 22-33 7-1 - - 0.1-0.2 1-2 85-113 1-2
Advanced 1-17 20-25 7-9 - - 0.1-0.2  0.1-0.2 5-10 1-2
Liming Conventional ~ 53-97  79-122  28-45 - 3.9-87 0.4-0.5 6-8 5-15 1-2
Advanced 14-26 46-65  16-24 - 0.4-07 0.1-0.2 3-4 1-2 1-2
Deliming, Conventional 8-12 13-20 5-9 - 0.1-03 2.6-3.9 3-5 2-4 10-26
Bating Advanced 8-12 13-20 5-9 - 0-0.1 0.2-0.4  0.6-15 1-2 1-2
Tanning Conventional 5-10 7-11 2-4 2-5 - 0.6-0.9  0.6-0.9 40-60 30-55
Advanced 1-2 7-11 2-4  0.05-0.1 - 0.1-0.2  0.1-0.2 20-35 10-22
Post-Tanning Conventional 6-11 24-40 8-15 1-2 - 0.3-0.5 1-2 5-10 10-25
Advanced 1-2 10-12 3-5  0.1-04 - 0.1-0.2  0.2-0.5 3-6 4-9
Finishing Conventional 0-2 0-5 2 - - - - - -
Advanced 0-2 0 0 - - - - - -
Total Conventional  83-149  145-231 50-86 3-7 4-9 4-6 12-18  137-202  52-110
Advanced 35-61  96-133  33-51 0.15-0.5 0.4-0.8 0.6-0.12 5-8 30-55 17-37
Note: COD - chemical oxygen demand; BOD - biological oxygen demand [in five days]; SS - suspended solids;
TKN - total Kjeldahl nitrogen.
Source: Gate information services - GTZ (2002).
4.3.3 Pollution from feed and 1. Nutrients

fodder production

Over the two last centuries, the increased pres-
sure on agricultural land, associated with poor
land management practices, has resulted in
increased erosion rates and decreased soil fer-
tility over wide areas. As shown in Chapter 2, the
livestock sector has contributed extensively to
this process.

Feed production is estimated to account for 33
percent of agricultural crop land (Chapter 2. The
increasing demand for food and feed products,
combined with declining natural fertility of agri-
cultural lands resulting from increased erosion,
led to an increased use of chemical and organic
inputs (including fertilizers and pesticides] to
maintain high agricultural yields. This increase,
in turn, contributed to the widespread pollution
of freshwater resources. As we shall see in this
section, in most geographical areas the livestock
sector should be considered as the major driver
for the trend of increasing water pollution.

We have already seen (in Section 4.3.1) that
manure applied to crops (including feedcrops)
can be associated with water pollution. In this
section we focus on the fertilization of feedcrops
with mineral fertilizers. While the two practices
are complementary and are often combined,
we have separated them here for clarity of the
analysis. Their integration, and the concept of
nutrient management plans, will be discussed in
the mitigation option section.

The use of mineral fertilizer for feed and food
production has increased significantly since the
1950s. Between 1961 and 1980 nitrogenous fer-
tilizer consumption was multiplied by 2.8 (from
3.5 to 9.9 million tonnes per year) and 3.5 (from
3.0 to 10.8 million tonnes per year) in Europe (15)
and the United States respectively. Identically
the consumption of phosphate fertilizers was
multiplied by 1.5 (from 3.8 to 5.7 million tonnes
per year) and 1.9 (from 2.5 to 4.9 million tonnes
per year] in these regions. Currently, humans
release as much N and P to terrestrial ecosys-
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tems annually as all natural sources combined.
Between 1980 and 2000, global N consumption
increased by 33 percent and P consumption by
38 percent. Tilman et al. (2001) projected that if
past trends in N and P fertilization and irrigation,
and their correlation with increasing population
and GDP continue, the global N fertilization level
would be 1.6 times greater than in 2000 by 2020
and 2.7 times greater than in 2000 by 2050, while
P fertilization would be 1.4 times greater by 2020
and 2.4 times greater by 2050.

Changes, at the regional level, show consider-
able diversity over the last two decades (Table
4.16). Between 1980 and 2000, the increases in
the use of mineral fertilizer has been particularly
strong in Asia (+117 percent for N and +154 per-
cent for P), Latin America (+80 percent for N and
+334 percent for P), and Oceania (+337 percent
for N and +38 percent for P). In developed coun-
tries there is currently a stagnation (+2 percent
for N use in North America) or an actual decline
in the use of mineral fertilizer (-8 percent for N
and 46 percent for P use in Europe, -20 percent
for P use in Northern America). These trends
can be explained by the fact that market prices
of arable crops have fallen, creating economic
pressure for a more accurate matching of fertil-
izer application rates to crop needs. Furthermore
in some areas (Europe for example], owing to

Table 4.16

environmental concerns, standards and policies
have been developed to control application rates,
methods and timing. However as most modern
crop varieties require relatively high rates of
fertilizer application, fertilizer use remains high
(Tilman et al., 2001; Stoate et al., 2001).

Asia is the leading user of mineral fertilizer
with 57 percent and 54.5 percent of the global
consumption for N and P respectively. In con-
trast, the consumption of fertilizer in sub-Saha-
ran Africa is still insignificant representing 0.8
percent and 1.2 percent of the global consump-
tion for N and P respectively.

The increased consumption of fertilizer over
the past 50 years has made agriculture an ever-
increasing source of water pollution (Ongley,
1996; Carpenter, 1998).

The livestock sector is a major cause of this
increase. Table 4.17 describes the livestock con-
tribution to N and P consumption in 12 major
countries, covering both livestock and feed pro-
duction. In five of them, livestock are directly or
indirectly responsible for more than 50 percent
of the mineral N and P applied on agricultural
land (i.e. Canada, France, Germany, the United
Kingdom and the United States). The extreme
case is the United Kingdom, where livestock con-
tributes to 70 percent and 58 percent respectively
of the amount of N and P applied on agricultural

Mineral fertilizer consumption in different world regions between 1980 and 2000

Regions Nitrogenous fertilizers Percentage Phosphate fertilizers Percentage
consumption (tonnes) change consumption (tonnes) change
1980 1980-2000 1980 2000 1980-2000
Asia 21540 789 46723 317 117 6971 541 17 703 104 154
Commonwealth of Independent States 2 404 253 544 600
Africa South of Sahara 528 785 629 588 19 260 942 389 966 49
European Union (15) 9993 725 9 164 633 -8 5679 528 3042 459 -46
Latin America and the Caribbean 2 864 376 5 166 758 80 2777 048 3701328 33
Central America 1102 608 1751190 59 325176 443 138 36
North America 11 754 950 12 028 513 2 5565 165 4 432 567 -20
Oceania 273 253 1192 868 337 1139 807 1571016 38
World 60775 733 80 948 730 33 31699 556 32 471 855 2

Source: FAO (2006b).
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lands. In the four European countries we can also
note the high fertilizer rates for pastures. In the
United Kingdom for example pasture represents
45.8 percent of N and 31.2 percent of P consump-
tion for agriculture. In these countries we can
reasonably surmise that the livestock sector is
the leading contributor to water pollution deriv-
ing from mineral fertilizers on agricultural lands.
In the other countries studied this contribution
is also extremely important. In Brazil and Spain,
the livestock contribution to agricultural N and P
use is over 40 percent. Livestock’s contribution is
relatively less important in Asia with 16 percent
for N use in China and 3 percent for P and N
use in India. Nevertheless, even if low in relative
value, the volume of N and P used by the live-
stock sector is extremely high in absolute terms
as Asia represents almost 60 percent of the glob-
al consumption of N and P mineral fertilizer.
When applied on agricultural lands, nitro-
gen and phosphate reach watercourses during
leaching, surface runoff, subsurface flow and

Table 4.17

soil erosion (Stoate et al,, 2001). The transport of
N and P depends on the time and rate of fertilizer
application together with land-use management
and site characteristics (soil texture and profile,
slope, vegetation cover] and climate (rainfall
characteristics). The latter particularly influenc-
es the leaching process (especially for N) and the
contamination of groundwater resources (Singh
and Sekhon, 1979; Hooda et al., 2000).

In Europe, NO; concentration exceeded the
international standards (NO3:45 mg/litre; NOs-
N:10 mg/litre) in the groundwater below 22 per-
cent of the cultivated land (Jalali, 2005; Laegreid
et al,, 1999). In the United States an estimated
4.5 million people drink water from wells con-
taining nitrates above the standards (Osterberg
and Wallinga, 2004; Bellows, 2001; Hooda et
al., 2000]. In developing countries numerous
assessments have shown the link between high
fertilization rates, irrigation, and groundwater
pollution by nitrates (Costa et al., 2002; Jalali,
2005; Zhang et al., 1996).

Contribution of livestock production to agricultural N and P consumption in the form of mineral fertilizer in

selected countries

Countries N (mineral fertilizer) Consumption (thousand tonnes)  P,05 (mineral fertilizer) Consumption (thousand tonne