World Society for the Protection of Animals

Eating our Future
The environmental impact of industrial animal agriculture
Foreword by Dr RK Pachauri, Chair, Intergovernmental Panel on Climate Change (IPCC)

Eating our Future
The environmental impact of industrial animal agriculture

Contents
Foreword
Summary
1. Introduction
2. Environmental impact
2.1
2.2
2.3
2.4
2.5

2
4
6
8

Problems and solutions
Climate change and air pollution
Water use and pollution
Production, land use and biodiversity loss
Numbers, type and management of animals

9
10
11
12
13

3. Economics, social justice and humaneness
3.1
3.2
3.3
3.4
3.5
3.6

14

Sustainability and animal care
Economics and food security
Management of disasters and disease outbreaks
Human health
Social development
Animals, people and environment ﬁrst

15
16
17
18
19
19

4. Reducing and reversing damage

20

4.1
4.2
4.3
4.4
4.5

Urgency for change
Animal numbers
Ruminants and non-ruminants
Management
Processing and transport

21
22
23
24
25

5. Conclusions and recommendations
References

26
28

Author’s notes
Written by Dr Michael C Appleby for The World Society for the Protection of
Animals (WSPA)
Dr Michael Appleby took a BSc in Zoology at the University of Bristol and a
PhD in Animal Behaviour at the University of Cambridge. He then carried out
research at the Poultry Research Centre in Scotland and the University of
Edinburgh for 20 years on behaviour, husbandry and welfare of farm animals.
Publications include six books as author, co-author or co-editor, most recently
Long Distance Transport and Welfare of Farm Animals (2008). From 2001
to 2005 he was Head of Farm Animals and Sustainable Agriculture for The
Humane Society of the United States in Washington, DC. He now works as
Chief Scientiﬁc Adviser for WSPA.

Acknowledgements

© Digital Visions

Amy Firth, Hélène O’Donnell, Dr Jennifer Lanier, Food Animal Initiative (Oxford)

WSPA International
1st Floor
89 Albert Embankment
London SE1 7TP
United Kingdom
T: +44 207 587 5000
F: +44 207 587 5057
E: wspa@wspa-international.org
W: www.wspa-international.org
A charity registered with the Charity
Commission for England and Wales
(Registered charity number 1081849).

© WSPA 2008
All rights reserved.
No part of this publication may
be reprinted or reproduced,
stored in a retrieval system or
transmitted in any form or by any
means electronic, mechanical,
photocopying or otherwise,
without the prior written
permission of the publishers.

Written by: Dr Michael C Appleby
Production: Michelle Harrison
Visual editor: Georgina Ash
Design: www.jkharveydesign.co.uk
Printed by: www.thecolourhouse.com
Printed on paper made from 60%
recycled ﬁbres and 40% wood pulp
derived from managed forests.
Cover image: © Russell Graves/
Agstock USA/Science Photo Library

Foreword

One of the major ﬁndings of the Intergovernmental Panel
on Climate Change (IPCC) Fourth Assessment Report is
the identiﬁcation of changes in lifestyle and behaviour as
a means for mitigation of climate change. Individuals can
contribute signiﬁcantly to reductions of Greenhouse Gas
(GHG) emissions, because as consumers they can not only
provide powerful messages to those responsible for supply of
goods and services, but also impact signiﬁcantly on emissions
caused by their own households. One area of contributions is
from the types of food that people consume. In this respect
a reduction of meat consumption can have substantial
beneﬁts in reducing GHGs. The 2006 report of the Food and
Agricultural Organization (FAO), Livestock’s Long Shadow,
found that the world’s livestock production industry accounts
for 18 per cent of all GHG emissions from human activities.
Recent literature dealing with the subject highlights much
larger emissions than the FAO report estimated, but even if
these claims of higher emission levels are dismissed, the
18 per cent ﬁgure itself is large enough to require attention.
Even more important is the fact that this is one mitigation
strategy, which has huge co-beneﬁts in the nature of
improved health. There is now adequate medical evidence
published in prestigious journals to show that a reduction
in meat consumption reduces the risk of several diseases
that are prevalent in the world’s most prosperous societies.
Unfortunately, with increases in income several developing
countries are also rapidly increasing their consumption of
animal protein. This trend should be arrested and the two
methods by which such an objective can be met would be
ﬁrstly to create adequate awareness among the public on the
beneﬁts of lower meat consumption and secondly to place a
price on carbon, which would then be added to the cost of
meat and thereby create a market response in the form of
lower consumption at higher prices.
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It would also be very useful through regulation and ﬁscal
measures to ensure that a much greater proportion of food
consumed is produced within a small radius from the point of
consumption. This would ensure a reduction in food miles, and
therefore, a reduction in what can be termed factory farming of
livestock in concentrated areas. It would be far more effective
overall to have consumer response bring about changes that
are required than to have governments enter this business
for regulating and reducing consumption of meat worldwide.
In this respect the report Eating our Future is a very valuable
publication that will not only stimulate debate and discussion,
but perhaps help convince consumers everywhere to rethink
their diets to keep themselves healthy as well as the planet.

Dr RK Pachauri
Director General, The Energy and Resources Institute (TERI) and
Chair, Intergovernmental Panel on Climate Change (IPCC)

Summary
Current trends in animal production are literally unsustainable.
Worse, animal production makes a major contribution
to the climate change that is threatening the future of
life on earth, to the scarcity of resources and instability
of markets that underlie the worldwide food crisis of
2008 and to other global problems such as poverty and
disease. Because of the increasing numbers we keep,
the resources we use for them and their impact on the
environment, farm animals are eating our future.
Farm animals (including poultry but excluding ﬁsh and
invertebrates) already make up two-thirds of terrestrial
vertebrates by weight, with most of the rest being humans
and only three per cent wildlife. Yet at current rates of
increase, meat and milk production will more than double
from 2000 to 2050. Industrialisation of animal agriculture is
an important factor in these trends, with massively increased
scale of production and its effects in many countries.
In its 2006 report Livestock’s Long Shadow, the
United Nations Food and Agricultural Organization
(FAO) emphasised that livestock production releases
18 per cent of human-produced Greenhouse Gas (GHG)
emissions. It also releases ammonia and sulphur dioxide,
which contribute to acid rain, and other air pollutants.
Farm animals use nearly 200 cubic kilometres of water
per year, exacerbating water shortages particularly in
water-poor countries. This use is extremely inefﬁcient:
it takes 990 litres of water to produce one litre of milk.
Furthermore, manure contains nitrogen, phosphorus and
other contaminants, leading to eutrophication and other
forms of water pollution. Clearing of forests for grazing adds
to GHG production and damages biodiversity. Growing
grain for animal feed also increases GHGs and reduces
availability of food to the people who need it most.
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Sustainable food policy
Despite the paramount urgency of environmental
issues, it is not politically or practically possible to
address them in isolation from economics and social
justice. A sustainable food policy must address all
aspects of sustainability: it must be ecologically sound,
economically viable, socially just and humane.
Humane treatment of animals is central to sustainability,
because many of the world’s people – particularly in
developing countries – depend on animals for food,
income and social status. Proper, humane management
of animals improves their survival, growth and production.
For such people, increased consideration of animal
welfare helps to improve and safeguard food security,
human health and social development. It is also critical
for management of disasters and disease outbreaks,
protecting human livelihoods as well as lives.
The problems of livestock production are getting worse,
so it is urgent to challenge and restrain the expansion of
that production and as soon as possible to reverse it. That

Recommendations

is a task for governments and society as a whole, not just
for livestock producers. The worst problems for climate
change are caused by raising ruminants and by feeding
grain to animals. As such, the priorities are: to slow and
reverse the growth in cattle production (beef and dairy),
particularly grain-fed (this will apply more to developed
countries); and to slow and reverse the growth in pig and
poultry production, particularly intensive, grain-fed (this will
apply more to developing countries).

Recommendation 1

Slowing and reversing the growth in animal production
has inescapable implications for individual consumers,
both in developed and developing countries. It must mean
that consumers who eat large amounts of meat and other
animal products (or who would have done so in future)
should eat less.

Recommendation 2

Any comment on the diet of people in developing countries
is a sensitive issue, but we are not saying that poor or
malnourished people should be further disadvantaged.
On the contrary, their nutrition should be safeguarded
and improved. This may then need to be offset by greater
reductions in consumption of animal products by those
better off and better fed.

Intergovernmental organisations, national governments and
the food supply industries (agricultural and retail) must urgently
develop policies for sustainable food supply. For livestock
production to have reduced impact on climate change and to
be sustainable in other respects it must be biologically based,
socially just and humane. Animal welfare must be included
in all future discussions on agriculture and climate change.

The current acceleration in meat and milk production cannot
be allowed to continue unchecked. National governments
and intergovernmental organisations must develop
mechanisms to slow and reverse this growth, especially in
cattle production, grain feeding and intensive production
methods that are not ecologically sustainable. They must
also assist livestock producers, within the wider agricultural
industry, to manage this slowdown in volume of production,
by mechanisms including development of value-added
markets such as that for humanely reared animal products.

Recommendation 3

The best solution
Industrial, highly intensive farming as used in developed
countries and now spreading to developing countries is
unsustainable ecologically, economically and socially.
However, many extensive livestock systems are also
inefﬁcient. The majority of GHGs are currently produced by
ruminants in grazing systems in developing countries, so
more efﬁcient management of those livestock is needed.

Research is urgently needed to enable design of policies that
reduce (or slow the increase in) meat consumption by people
who consume more than others, while not causing hardship
to poor or malnourished people in either developed or
developing countries. As this addresses a ‘public good’ it will
require support from public and philanthropic funding bodies.

Livestock kept in well-managed extensive conditions
use local resources and recycle the productivity of the
land. Indeed, grazing livestock can have positive effects
on climate change, because pasture can contribute to
carbon sequestration. The best solution is moderation:
small to moderate farm sizes, moderate group sizes of
animals on those farms and good conditions and health
care for those animals.

Food production needs to move away from industrial,
multinational systems towards moderate-scale, humane
models with local supply chains and markets, contributing
to greater national and regional self-sufﬁciency in food. This
would reduce not only the environmental damage caused by
livestock production, but also the unpredictability in global
food markets such as that underlying the current food crisis.

Humane treatment of animals fosters sustainability
and vice versa. What is more, sustainability cannot be
achieved without proper, humane management and
care of farm animals.

Recommendation 4

Recommendation 5
Financial support for industrial livestock production methods
(such as unseen subsidies for externalised costs) should
be ended and economic mechanisms to support humane
sustainable livestock production (for example research
funding) should be prioritised. Governments should support
these changes with high-proﬁle, well-resourced public
awareness campaigns.

Recommendation 6
An inevitable consequence of the previous recommendations
is that consumers who eat large amounts of meat and other
animal products should eat less of those products. The
animal products that consumers buy should be sourced
locally and reared in humane and environmentally and
socially responsible ways.

1.
Introduction
Why are farm animals invisible? In discussions and policies
about many vital issues such as climate change, sustainability,
development and disaster management – issues critical to
our future – animals have hardly been mentioned until recently
(e.g. 21). Indeed, they are still rarely mentioned in discussion of
the worldwide ‘food crisis’ of 2008.
In industrialised countries this may be partly because these
animals are now largely kept indoors and their products of
meat, milk and eggs are so packaged that they scarcely
remind people of the animals themselves. In some developing
countries farm animals are also kept in industrial systems,
away from cities and population centres. In policy terms, they
have been generally ignored as a ‘non-land-use’ sector.
Livestock has been literally out of sight and out of mind.
(The terms ‘farm animals’ and ‘livestock’ are used here
as equivalent and include poultry but exclude ﬁsh and
invertebrates.) Yet farm animals are vastly important in
number, land use and contribution in both positive and
negative ways to our present and our future.

The facts
s At any given time, humans are greatly outnumbered by
livestock worldwide (Figure 1, data from 60, 75 ).
s The numbers are even more striking on an annual basis,
with 133 million humans, 58 billion poultry and 4.3 billion
other farm animals (mammals) born every year (Figure 2,
data from 23, 75 ).
s Farm animals make up two-thirds of terrestrial vertebrate
biomass (weight), with most of the rest being humans. Wild
mammals and birds are dwarfed (Figure 3, data from 66 ).
s Land for livestock is the largest human use of land (Figure
4, data from 69 ) and is growing while forests are shrinking.
This land is used for grazing or feed crops, with 30 per cent
of arable crops used for feed 33.
s The livestock sector employs 1.3 billion people 69. About a
billion of the world’s poorest people depend on animals for
food, income, social status or cultural identiﬁcation, as well
as companionship and security 21.
s Awareness of problems is ﬁnally increasing. See, for
example, Industrial Animal Agriculture – the Next Global
Health Crisis? 52, Industrial Animal Agriculture – Part of the
Poverty Problem 17 and Putting Meat on the Table: Industrial
Farm Animal Production in America 59.
s Farm animals were moved further up the agenda by the
publication of Livestock’s Long Shadow by the UN FAO 69,
stating that the livestock sector is responsible for 18 per
cent of human-induced (anthropogenic) GHG emissions.

The issue of food in general is, of course, highly visible and
highly placed on political and other agendas – and never more
so than in 2008 with the eruption of what is being called the
‘food crisis’. Food prices have risen in both developed and
developing countries, with serious effects particularly in the
latter. Renton 64 gives the example of Cambodian rice farmers
who cannot afford to feed their own families despite rice
production being at an unprecedented high. Governments
have begun to address these issues (e.g. the UK
government 70 ) but much more needs to be done nationally
and internationally to develop sustainable food policies.

Unsustainable trends
We argue below that current trends in livestock production
are especially unsustainable, for many reasons including
rapid growth in production, competition with other agricultural
sectors, reliance on fossil fuels, excessive international trade
and hence volatile ﬁnancial pressures.

agriculture that is ecologically sound, economically viable
and socially just. In connection with animals, ‘socially just’
is sometimes taken to include consideration of humane
animal treatment – partly because humane treatment fosters
sustainability and vice versa 5. Alternatively that consideration
is made explicit: sustainable agriculture is ecologically sound,
economically viable, socially just and humane 28.
In this report we examine the implications for sustainability of
key aspects of animal agriculture. One of the major issues is the
industrialisation that has occurred in many developed countries
and that is now occurring in many developing countries.

Sustainability is not just a ‘buzzword’ but essential for
our future survival. Yet despite the paramount urgency of
environmental issues, it is not politically or practically possible
to address them in isolation from economics and social
justice. Hence the usual deﬁnition of sustainable agriculture:

Industrial animal agriculture is a system of raising animals using
intensive ‘production line’ methods that maximise the amount
of meat or other products, while minimising costs. Industrial
animal agriculture is characterised by high stocking densities
or close conﬁnement, rapid growth rates, high mechanisation
and low labour requirements. Examples include battery cages
for laying hens and veal crates for calf rearing. In recent years
many different concerns have been expressed over the impact
of such methods on animal welfare, the environment, food
safety and quality, food security, family farms, farm workers,
rural communities and developing countries 4, 17, 52.

Figure 1. Numbers at any one time
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2.
Environmental impact

2.1 Problems and solutions

Is farming of cows and pigs good for the environment? No, it
is not – as we shall see – so the next question is: can livestock
farming be made less environmentally damaging? There is
considerable evidence that livestock agriculture as a whole is
not ecologically sound and is getting worse.
We shall review the problems for climate change and air
pollution, water use and pollution, land use and biodiversity.
Then we shall consider solutions. We may note at this point
that both problems and solutions depend on:
s numbers of animals
s type of animals, particularly ruminants (cattle, sheep, goats)
versus non-ruminants (pigs, poultry)
s management: housing, feeding, manure treatment, etc.
s processing, transport, etc.
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On the last point, there have been few analyses to date of
the environmental consequences of food production ‘from
farm to fork’. One such analysis found that food-related
activities account for 19 per cent of GHG emissions in the
UK, with post-farm-gate processes contributing more than
half of those 27. Much of that contribution (from packaging,
retailing and so on) is similar for animal and non-animal
foods. Differences (particularly concerning transport) will be
considered below.

2.2 Climate change and air pollution

The principal GHG is carbon dioxide. Methane and nitrous
oxide are released in smaller quantities but are also important
because they absorb more radiation and persist longer in the
atmosphere: they have Global Warming Potentials (GWPs) of
23 and 296 times that of carbon dioxide respectively 35.
Livestock production releases more than seven billion tonnes of
carbon dioxide equivalent every year (i.e. gases with GWP equal
to that amount of carbon dioxide). This is about 18 per cent of
anthropogenic GHG emissions: nine per cent of carbon dioxide,
37 per cent of methane and 64 per cent of nitrous oxide (Table 1).
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Gas emissions
Carbon dioxide is released when fossil fuels are used in
fertiliser and feed grain production, and when forests are
converted into grazing or feed crop land 34, 69. Methane is
produced by digestion, particularly by ruminants: cattle, sheep
and goats produce more methane per unit of feed consumed
than monogastric animals. It is also released from manure, and
pigs and poultry contribute relatively large amounts of methane
through waste 76. Nitrous oxide emissions result primarily from
fertiliser and manure application 11, 69.

Industrial disaster: During natural disasters such as Hurricane Floyd (1999),
livestock waste from industrial farms is discharged into the environment.
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Climate change is the most critical issue of our time,
threatening the future of much of this planet’s life, including
humankind. Human-induced release of gases is disturbing
the balances that would otherwise exist, trapping radiation
from the sun in the atmosphere in the greenhouse effect
and raising air and sea temperatures 34.

Dangerous release: Vast quantities of livestock waste from industrial
farms are stored in manure lagoons.

Livestock also contributes to other aspects of air pollution.
Where animals are kept or processed in large concentrations
there may be considerable nuisance value and often signiﬁcant
health problems for local people. Release of ammonia, sulphur
dioxide and other pollutants (as well as additional problems
such as ﬂies) lead to poor quality of life and illness over quite
large areas around industrial animal facilities 59. These are
serious effects, particularly when such facilities are in urban
areas – as is common in developing countries. For example,
in Ho Chi Minh City in Vietnam, most large pig farms and
slaughterhouses are within 40 kilometres of the city centre 69, 72.
Ammonia and sulphur dioxide also cause the more widespread
and serious problem of acidiﬁcation. In the atmosphere they
are oxidised to nitric and sulphuric acids respectively. They
then produce acid rain and acid snow, damaging forests,
lakes, freshwater and coastal ecosystems and soils, as
well as helping to release heavy metals into groundwater 20.
The majority of sulphur dioxide is produced by fossil fuel
combustion, but livestock is a major contributor of ammonia.
In addition to about 50 million tonnes of ammonia nitrogen
released from soils each year unconnected with vertebrate
animals 13, human waste adds two million tonnes, wild
animals three million and manure from domesticated
animals as much as 23 million tonnes 69.

Table 1. Role of livestock in GHG emissions 69
Gas

Contribution to climate
change (%)

Livestock emissions (billion
tonnes carbon dioxide equivalent)

Livestock emissions as %
of total anthropogenic

Carbon dioxide

70

2.70

9

Methane

18

2.17

37

Nitrous oxide

9

2.19

64

2.3 Water use and pollution

Water shortages are widely predicted to be one of the major
problems of the current century 66. Against that backdrop,
animal production is extremely inefﬁcient: it takes 990 litres
of water to produce one litre of milk 14.

Turning to water pollution, nitrogen and phosphorus excreted
by animals increase the chance of nutrient surpluses in water
resources, a condition called eutrophication. This leads to
algal blooms, production of toxins, damage to ﬁsh stocks
and other problems 19. One cow excretes 18 to 20 times as
much phosphorus as a human 53. Livestock excreta in 2004
contained about 135 million tonnes of nitrogen and 58 million
tonnes of phosphorus. Cattle contributed about 58 per cent
of the nitrogen, pigs 12 per cent and poultry seven per cent 69.
Eutrophication is a particular problem for enclosed bodies of
water affected by agricultural run-off, such as the Great Lakes
of North America and the Baltic Sea 19.

Global requirements for livestock drinking water are an
astonishing 16.2 cubic kilometres per year, with farm service
requirements another 6.5 cubic kilometres, and processing
requirements (for slaughterhouses, processers and so on)
in addition. Yet these needs are exceeded sevenfold by feed
production. About seven per cent of global water use is
attributable to livestock feed production, out of a total use for
livestock of about eight per cent 69. So rearing farm animals
uses nearly 200 cubic kilometres of water per year – 88 per
cent of that being for feed production.

Dangers to health
Manure run-off also sometimes includes disease microorganisms, heavy metals or antibiotics. In many countries
antibiotics are overused in animal agriculture, leading to the
development of antibiotic resistance by bacteria dangerous
to animal and human health 42.

Regional variance
The acuteness of this issue obviously varies between regions and
countries. For example, in Botswana, livestock accounts for 23
per cent of total water use. In the Kalahari area, use of boreholes
for livestock is causing the water table to sink 18, 71. Some waterpoor countries import meat, animals or animal feed from other
parts of the world. This has sometimes been described as
‘importing virtual water’. This is not a sustainable arrangement,
though, partly because increased trade and global transport
cause problems for the environment, and partly because
such commodities – especially water-costly feed for intensive
production of monogastrics – often come from countries that
are themselves not particularly abundant in water 69.

Steinfeld et al. 69 state that in the USA, livestock is responsible for
32 per cent of nitrogen and 33 per cent of phosphorus pollution
of freshwater resources, for 37 per cent of pesticides and 50
per cent of antibiotics, as well as causing 55 per cent of erosion.
Other countries with similar industrial production systems,
including developing countries, will have similar problems.

Water waste: Large-scale feed production for livestock puts
signiﬁcant pressure on global water resources.
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Intensive production uses more water than extensive
management, with additional service water requirements
for cooling and cleaning and additional drinking water. In
intensive systems, animals get only 10 per cent of their water
requirements (including servicing) from feed compared to 25
per cent in extensive systems, with the difference having to
be supplied as drinking water 49.

Pollution ﬂow: Livestock waste seeping into waterways
supports the growth of algal blooms.

2.4 Production, land use and
biodiversity loss
Around 60 billion animals are reared for food each year
worldwide (Figure 2), excluding ﬁsh, invertebrates and
many non-commercial animals. Where are they all kept?
Steinfeld et al. 69 allocate livestock production to four types
of systems, as shown in Table 2.

loss and ecosystem change are habitat change, climate
change, invasive alien species, overexploitation and pollution.
Livestock contribute directly or indirectly to all of those drivers
at the global and local level – inevitably so, given the huge
numbers, biomass and land use (Figures 1 to 4) and the
effects outlined in sections 2.2 and 2.3. Indeed, livestock
are themselves invasive species. Furthermore, they can
cause invasion of other species, for example when grazing
degrades land and makes it more susceptible to plant
invasions. Finally, livestock contribute to overexploitation of
the seas as well as the land, because ﬁshmeal and ﬁsh oil
are often major components in feed. In 2004, 24 per cent of
world ﬁshery production was used in this way for livestock 77.

The large majority of ruminants, producing beef and mutton,
are in grazing or mixed systems, while the majority of pigs
and poultry are in what Steinfeld et al. 69 call landless/
industrial systems. It should be noted that their deﬁnition
for landless/industrial, with up to a hectare for 10 animals,
includes systems much more extensive than are usually
meant by terms like industrial, intensive or factory farming.
These ﬁgures are important because for the livestock
sector to be environmentally and socially sustainable, policy
decisions must favour the best use of available land. It
has already been pointed out that grazing and feed crop
production for livestock is the largest human use of land. In
many places livestock competes with the food crop, forestry
and energy sectors, among others, for land resources.
Figures available for North America show that in 2005,
60 per cent of total grain produced in the USA was fed to
livestock and 73 per cent in Canada 81.

The World Wildlife Fund 83 has identiﬁed 825 ‘ecoregions’
globally; 306 are under threat from livestock agriculture.
Similarly, Conservation International has identiﬁed 35 global
‘hotspots’ with large numbers of endemic species and
serious habitat loss; 23 of these are reported to be affected
by livestock production 69.
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Biofuel increase
Competition from biofuel production is increasing, in North
America and elsewhere. Worldwide fuel ethanol production
increased from under 20 billion litres in 2000 to over 30 billion
in 2004 and is expected to pass 60 billion litres in 2010 9.
Use of land for livestock feed and for biofuels are together
squeezing the production of grain for feeding people directly,
pushing up the price of that grain in a world where the
population continues to grow rapidly. In February 2008 the
UN warned that it can no longer afford to feed the millions
of undernourished people in its care, because of a dramatic
increase in world commodity prices 10.
Large-scale animal production is also damaging biodiversity,
necessary for balance of the world’s ecosystems and for
diverse human beneﬁts 73, at the level of genes, species
and ecosystems. According to the Millennium Assessment
Report 47, the most important direct drivers of biodiversity

Large-scale destruction: Forests such as the Amazon are
cleared for livestock feed crop production and grazing.

Table 2. Livestock production (million tonnes) 67, 69
System

Beef

Mutton

Pork

Poultry meat

Meat total

Milk

Eggs

Grazing ( >10% dry feed matter produced
on farm, <10 livestock units/ha)

14.6

3.8

0.8

1.2

20.4 (8%)

71.5

0.5

Rainfed mixed (> 90% non-livestock farm
production from rain-fed land use)

29.3

4

12.5

8

53.8 (22%)

319.2

5.6

Irrigated mixed ( >10% non-livestock farm
production from irrigated land use)

12.9

4

29.1

11.7

57.7 (24%)

203.7

17.1

Landless/industrial (<10% dry feed matter
produced on farm, >10 livestock units/ha)

3.9

0.1

52.8

52.8

109.6 (45%)

35.7

2.5 Numbers, type and
management of animals
We have said above that environmental problems of animals
and their solutions depend on animal numbers, type (particularly
ruminants versus non-ruminants) and management. Numbers
that already seem astronomical (Figures 1 and 2) are rising rapidly
and are expected to continue doing so. This is one of the most
shocking predictions of Livestock’s Long Shadow 69 : “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 tonnes.” The vital need
to reduce that growth will be covered in section 4.
Most of this growth is in developing countries. Figure 5 (data
from 23 ) shows this for the four most important meat species:
cows and sheep (ruminants) and pigs and chickens (nonruminants or monogastrics). The large majority of ruminant
animals are found in developing regions: 79 per cent of
cattle/buffaloes and 78 per cent sheep/goats 69. Ruminant
production causes environmental problems because of
clearing of forests for grazing and emission of methane.
Monogastrics cause more problems associated with
growth of feed grain and water pollution.

Inefﬁcient production
These problems are affected by management and are
worst at the extremes. For example, cattle on very poor diets
digest them inefﬁciently, while those on high energy feeds
produce manure with more volatile materials 69. Similarly,
pigs and chickens eating inadequate or unbalanced feed do
not produce meat or eggs efﬁciently. Yet intensive farming
of those species requires huge growth of feed grains (using
fossil-fuel-based fertilisers), transport of feed and water
and disposal of massive quantities of manure, which all too
frequently result in soil and water pollution 62. Livestock kept
in well-managed, extensive conditions use local resources
and recycle the productivity of the land.

Intensive problem: Industrial pig farms, where sows are often kept
indoors in individual stalls, require large quantities of feed grains.

suggest that ‘Peak Oil’ has already been passed and that
supplies will now decline continuously. This uncertainty over
oil supplies leads to volatility in availability and prices. This, in
turn, contributes strongly to volatility in availability and prices
of food and hence to the worldwide ‘food crisis’ of 2008 64.

In addition to the impact of using fossil fuels on climate change,
such use is unsustainable in the long term as these fuels run
out. Oil supplies are already unpredictable: some commentators

As an illustration of changes in a developing country, South
Korea has an increasing number of pigs on a decreasing
number of farms (Figure 6, data from 40 ), a rising proportion
of which hold more than 1,000 or even more than 10,000
pigs. Recognising the problems of this development, the
South Korean government has introduced an ‘environmentally
friendly payment scheme’ for farms to reduce the number
of pigs held, the antibiotics used and the manure produced.
However, uptake of this voluntary programme is so far small 40.

Figure 5. World meat production

Figure 6. Pig farming in South Korea
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3.
Economics, social justice
and humaneness

3.1 Sustainability and animal care

If stopping climate change and achieving environmental
sustainability was easy, it would have been achieved already,
including ending the environmental problems of livestock
agriculture. However, as Steinfeld et al. 69 point out:
“The livestock sector is driven by other policy
objectives. Decision-makers ﬁnd it difﬁcult to address
economic, social, health and environmental objectives
simultaneously. The fact that so many people depend
on livestock for their livelihoods limits the available
options to policy-makers, and involves difﬁcult and
politically sensitive decisions on trade-offs.”
Similarly, the International Assessment of Agricultural
Knowledge, Science and Technology for Development 36 :
“...responds to the widespread realisation that despite
signiﬁcant scientiﬁc and technological achievements
in our ability to increase agricultural productivity, we
have been less attentive to some of the unintended
social and environmental consequences of our
achievements.”
So how can sustainable livestock agriculture be achieved that
is simultaneously ecologically sound, economically viable,
socially just and humane? Appleby 5 has demonstrated
that increased emphasis on animal care makes a major
contribution to the other aspects of sustainability:
“The fact that humaneness and sustainability overlap
is not coincidental. Both approaches place a much
greater emphasis on the animals themselves than do
conventional methods. These alternative methods can
be said to be animal centered, to recall that animal
production is ﬁrst and foremost a biological process
rather than the technological approach that has
become conventional.”
This section will therefore examine associations between
animal care and the following, while keeping ecological
implications in the frame (these associations are shown in
Figure 7, adapted from 6 ):
s economics, including poverty and hunger reduction and
food security
s management of disasters and disease outbreaks
s human health
s social development.

3.2 Economics and food security

As with all economic activities, the approaches taken to
livestock production are determined partly at the initiative
of producers and partly because of the needs or perceived
needs of consumers. To address the latter ﬁrst, meat and
animal products are important in people’s diets. However,
that does not mean that either the rapid increase in animal
products or the methods being used to accomplish this
reduce hunger and poverty or achieve food security.

Food security is best achieved by growing food on a local
basis. For example, if people in rural areas are short of food,
it is beneﬁcial in the long term to promote food production in
those areas rather than elsewhere where transport is required.
If farms are fairly small, complex infrastructure is not needed
and people can be helped to look after their animals well and
productively, feeding themselves and their communities and
also earning some income 61.

Much of the increase in animal production is in large,
intensive farms – as in South Korea (Figure 6) – which cause
the environmental problems outlined above. One rationale
is that these are thought to have provided ‘cheap food’
in developed countries. All too often, though, they do not
provide food security in developing countries: the meat they
produce is too expensive for the really poor and hungry and
such giant farms destroy the job structure and social stability
of agriculture-based societies 17. In Brazil, for example,
intensiﬁcation of the poultry industry is driving thousands
of small, family farms out of business 26.

Animal welfare contribution
Intergovernmental organisations are recognising the
contributions of animal care and animal welfare to
economics and to poverty and hunger reduction, as well
as to environmental sustainability. The International Finance
Corporation, part of the World Bank Group, has issued two
relevant publications: Creating Business Opportunity through
Improved Animal Welfare 37 and Animal Welfare in Livestock
Operations 38. The World Organisation for Animal Health (OIE),
realising the importance to animal health of other aspects of
welfare, has drawn up welfare standards for transport and
slaughter of farm animals (including for disease control) that
have been agreed by the 172 member countries 54. Standards
for housing and treatment during rearing will follow.

Undermining subsidies
Developing countries should also be wary of donations or
exports of ‘cheap food’ from developed countries (only
apparently cheap, because of subsidies), that undermine
the ability of local farmers to feed their own country’s
people. As Hodges 31 explains:
“Today apparently cheap (but subsidised) Western food
exports to poor countries mainly enter the cities of the
developing world, thus competing in the only markets
which small-scale domestic producers can reach.
Rather than empowering the poor to get started on the
economic ladder, capturing the national urban market
with imported food removes the ladder.”

Figure 7. Sustainability and animal care
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3.3 Management of disasters and
disease outbreaks

Industrial livestock systems exacerbate the negative effects
of disasters. They are vulnerable to weather-related or other
disasters, extremely difﬁcult to maintain when such disasters
occur and liable to cause acute environmental problems. For
example, in 1999 Hurricane Floyd hit North Carolina, one of
the top states in the USA for industrial animal production,
causing an economic and environmental disaster. About
2.5 million chickens, 500,000 turkeys and 200,000 pigs
drowned, many rotting in the ﬂoodwaters, and manure
lagoons overﬂowed into waterways 63.

System vulnerability
Disaster preparedness measures include comprehensive plans
and framework activities at all levels to enable governments
and civil organisations to protect and manage animals prior
to, during and in the aftermath of disasters. For example,
designing more effective early warning systems and practical
evacuation routes and procedures 39. These measures should
also include avoidance of industrial systems. When they are
involved in disasters (and it is ‘when’ not ‘if’) these systems
cause more problems than dispersed production for animals,
people and environment alike. Waste from a spilled manure
lagoon can contaminate groundwater for 40 years 48.

Disaster management: The effects of natural disasters are
better addressed in extensive livestock systems.
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Disasters may be caused by either natural or human-made
events, in combination with inadequate preparedness or
responses that contribute to large-scale negative outcomes.
Such outcomes for animals are important both in themselves
and for their effects on human welfare and the environment.
For example, if measures are not taken after an earthquake
to protect livestock as well as people, the livelihoods of many
people may be lost even though their lives have been saved.
Facilities for livestock should be provided at refugee camps,
because refugees often refuse to enter a camp if, in doing so,
they must abandon their animals 39. Furthermore, precautions
in advance of earthquakes can reduce losses of life and
property, thus also reducing the need for rescue operations.

Burning issue: Disposal of carcasses during disease
outbreaks poses serious environmental concerns.

Another aspect of sustainability in livestock production is
control of disease. Outbreaks of disease are themselves
often disastrous. Diseases that can affect both animals and
humans are covered in the section on human health below.
Many others, mostly conﬁned to animals, nevertheless have
huge economic effects for humans, such as Foot and Mouth
Disease (FMD). The spread of FMD is often worsened by the
extensive movements of animals and animal products that
are common in large-scale animal production and the risk
of spreading disease is even greater when live animals are
transported long distances, including between countries 3.
Environmental concerns in such outbreaks include those
associated with disposal of carcasses, often in enormous
numbers, whether they are burned, buried or disposed
of in other ways.

Disease outbreaks
Industrial animal agriculture keeps thousands of genetically
similar animals, with reduced immunity, in crowded buildings
in constant contact with their faeces. These conditions
are intrinsically likely to promote evolution and spread of
micro-organisms 52. Major livestock disease outbreaks have
apparently been more common than hitherto in the last years
of the 20th century and the ﬁrst years of the 21st 3. These
are one of the costs that the industry manages to avoid,
or externalise, because compensation is generally paid by
governments, adding further evidence of the unsustainability
of practices that lead to such outbreaks. Of course small
farms and backyard ﬂocks often also have health problems.
The best solution is moderation: small to moderate farm sizes,
moderate group sizes of animals on those farms and good
conditions and health care for those animals.

3.4 Human health
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Similar problems arise with diseases that can be transmitted
between animals and humans (zoonoses). Some such
diseases are recent, such as mad cow disease (bovine
spongiform encephalopathy 3 ). Others are long-standing.
A recurrent disease that is probably more dangerous
worldwide than any other for both animals and people is
Avian Inﬂuenza. Over the last 10 years outbreaks in poultry
have increased considerably, leading to the culling of over
250 million birds worldwide 22. It is expected that the virus
will sooner or later evolve the ability to spread from human
to human, causing a pandemic that may kill 1.5 billion
people 51. There is strong evidence that mutations in the
virus have been increased by intensive broiler production 29,
and international trade has probably contributed to spreading
Bird Flu round the world 15. Change in the poultry industry
to keep fewer birds in better conditions would reduce these
risks – to humans, animals and environment alike 52.

Poisoned food
Care of animals is also important in achieving food safety.
Food poisoning is a considerable problem in most countries –
for example, 76 million Americans are reported as becoming
infected and 5,000 as dying from food poisoning each year 12.
A major source of these infections is animal products and
this is strongly affected by how farm animals are treated.
For Escherichia coli, the main route of human infection is
contamination of meat by animal faeces. This is affected by
whether livestock are given clean, dry bedding, whether they
are given enough space (which helps them to avoid contact
with each other’s faeces) and whether they are handled
carefully at slaughter 58. Similarly, many people are probably
infected by Salmonella from poultry and eggs 1 and the
chance of infection is again affected by farm management.
In some countries hens are feed-restricted to shock them
into renewed egg laying (‘forced moulting’). This increases
infection of the eggs, because stress or changed gut activity
or both affect mobility of the bacteria in the body cavity 7.

Overeating: Excessive meat consumption is a major
contributor to the global rise in obesity.
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Consumption of animal products itself has variable effects
on human health. Adding moderate quantities to the diet of
malnourished people has beneﬁcial effects 50. It is possible
that similar beneﬁts can be given by dietary protein from
plants 65, but food crops may be difﬁcult to grow in certain
environments (e.g. arid areas) that support livestock more
readily. However, it is also clear that much of the increase in
consumption of animal products worldwide is not by poor
people who previously ate none, but by more afﬂuent people
eating more. And excessive consumption of animal products
– particularly meat – is a major contributor to the global rise in
obesity 46. This rise has been described as an epidemic and
one of the worst health problems currently faced by the world.
Practices that promote it, including the industrial production,
international trade and marketing of meat, milk and eggs in
excess of those required for reasonable balanced diets, are
clearly unsustainable.

Health hazard: Intensive broiler production increases mutations
in the Avian Inﬂuenza virus.

3.5 Social development

3.6 Animals, people and
environment ﬁrst

Compared to the economic, health and environmental
objectives of decision-makers, social objectives often
receive lower priority, but they may be key to achievement
of the former. Policies are implemented by people.

Of the criteria for sustainable livestock agriculture – that it
must be ecologically sound, economically viable, socially
just and humane – ecological soundness or environmental
sustainability is arguably the most important. As stated
above, a sustainable future is by deﬁnition essential for our
survival. Yet addressing that ﬁrst criterion independently
while setting aside the others is impossible. Furthermore,
addressing economics, social justice and humaneness in
themselves help tackle climate change and environmental
sustainability. Steinfeld et al. 69 emphasise that:

One of the UN Millennium Development Goals 74 is
promoting gender equality. An example of where this
is relevant is in European farming, where decisions are
generally taken jointly by husband/wife couples. Initiatives
led by government or advisory agencies promoting new
farming methods or approaches once addressed only the
husband and not the wife. Involving both of the couple
in discussions is socially appropriate and also increases
the frequency with which proposals are implemented 78,
including proposals to increase sustainability.

Addressing poverty
Consideration of animal care is also helpful in promoting
gender equality and opportunities for social development of
women and families, and hence in sustainability of livestock
agriculture. Men, women and children often adopt different
roles in owning and looking after animals. For example, in
many developing countries women primarily care for small
livestock such as poultry 44. Perhaps partly as a result,
there has generally been less advisory and ﬁnancial support
for husbandry of small animals than for more prominent
species such as cattle. Yet poultry and other small animals
are often important for family nutrition and contribute to
poverty and hunger reduction. Support for their rearing 56
therefore helps to address poverty and hunger directly
and indirectly through its social effects. In other developing
countries, imports and foreign-owned businesses compete
with local production and small, family farms 26.

Working together: In developing countries, sustainable animal
husbandry promotes social development for women and families.

“Policy-makers are faced with the quandary of
achieving the multiple objectives of affordable
supply of high value food, food safety, livelihoods
and environmental soundness in a sector that, while
industrialising, is still dominated by large numbers of
small-scale producers in many parts of the world. In
fact, concern for family-based farming is prominent in
the livestock policies of many countries.”
That is entirely appropriate, because local, family-based,
relatively small-scale farming is the best framework in which
to achieve all the desired objectives of food security, social
stability and environmental sustainability 61. And in livestock
farming, a positive approach to animal welfare and animal
care is an important means to those ends (Figure 7). Such
a broad approach to animal welfare is already in motion
in general terms, as governments and non-governmental
organisations (NGOs) work towards the achievement of a
Universal Declaration on Animal Welfare at the UN 82.

Viable future: Local, family-based farming protects food security.

4.
Reducing and
reversing damage

4.1 Urgency for change

Publication of Livestock’s Long Shadow by the UN FAO 69
achieved the extremely valuable effect of drawing attention
to the scale of the problems caused by livestock production.
However, in some respects the report held out false hopes.
One of its conclusions was that:
“The livestock sector is responsible for a signiﬁcant
share of environmental damage. With these changes
[recommended in the report], undertaken with an
appropriate sense of urgency, the sector can make a
very signiﬁcant contribution to reducing and reversing
environmental damage.”
That is true, strictly speaking, but in placing responsibility for
this huge and hugely important task on livestock producers
it underplays an aspect of that task which those producers
are ill-placed to promote: the slowing and reversal of growth
in that sector. Indeed, on the premise that worldwide meat
production is expected to double from 2000 to 2050 the
report concluded that:
“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.”
Again that is logically true, but underemphasises the fact
that such an outcome is probably unachievable. Worse still,
if production does indeed increase that much, the target of
doubling efﬁciency would have to be greatly surpassed for
damage to be reduced. Using such an approach not just to
reduce but to reverse damage is entirely inconceivable.
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Expansion challenge
Consequently, in addition to making meat and milk
production more efﬁcient, the premise of greatly increased
production must be vigorously confronted. The problems
of livestock production are still getting worse, so it is urgent
to challenge and restrain the expansion of that production
and as soon as possible to reverse it – and that is a task for
governments and society as a whole, not just for livestock
producers. This last point is, of course, recognised by
Steinfeld et al. 69 : “For the suggested changes to occur there
is an urgent need to develop and implement effective policy
frameworks.”
As climate change is now happening, and as livestock
are important for livelihoods and food security for the
foreseeable future (although at least a partial move away
from this is needed), it is also necessary to address and
mitigate the effects of climate change on livestock 45.
However, climate change should not be accepted as
inevitable where it is in fact reducible. The key aim must
be to reduce it. Hence this report, which is mostly about
impacts of livestock, not impacts on them.
As indicated earlier, achieving sustainable livestock
production depends on animal numbers, type (ruminant or
other), management, processing and transport.

4.2 Animal numbers

are talking about variation within countries, not just between
countries. Most animal products in developing countries are
eaten by relatively well-off people and national and international
policies need to address this consumption, as well as that in
developed countries. Indeed, Steinfeld et al. 69 point out that:

The need to slow and then reverse current growth in
livestock numbers worldwide is inescapable, to protect
both the environment and human health. This is usually
expressed in terms of meat consumption, emphasised by
intergovernmental organisations, governments, scientists
such as medical specialists, and NGOs.

“Livestock actually detract more from total food supply
than they provide. Livestock now consume more human
edible protein than they produce … This is a result of
the recent trend towards more concentrate diets for pigs
and poultry, with nutritional requirements more similar to
humans than ruminants.”

s The IPCC 34 says that “a shift from meat towards plant
production for human food purposes, where feasible,
could increase energy efﬁciency and decrease GHG
emissions.” The head of the Panel, Dr Rajendra Pachauri,
speaking at a press conference after the IPCC had been
awarded the Nobel Peace Prize for its work, highlighted
this by asking the world: “Please eat less meat.” 25
He has since repeated and strengthened this call 41.

In truth, to make any comment on people’s diet is a sensitive
matter. But it is important to do so when, for example, the
average meat eater in the USA produces about 1.5 tonnes of
carbon dioxide more every year than they would if they did not
eat meat 57. CIWF calculates that if the average UK household
halved meat consumption that would cut emissions more than
if they halved their use of cars 16.

s The Environment Minister for the UK government, Ben
Bradshaw, warns that if people do not reduce their meat
consumption, climate change may necessitate a return
to rationing of animal products 2 and a government report
endorsed by the Prime Minister 70 says “evidence on health
and the balance of environmental analysis suggests that
a healthy, low-impact diet would contain less meat and
fewer dairy products than we typically eat today.”

This discussion obviously concerns primarily meat and other
foods produced directly from animals. There is increasing
interest in growing meat artiﬁcially, and consumption of such
products would be much less problematic environmentally 55.

s A lead article in medical journal The Lancet 46 states
that “the current global average meat consumption
is 100g per person per day, with about a ten-fold
variation between high-consuming and low-consuming
populations. 90g per day is proposed as a working
global target, shared more evenly.”
s The Humane Society of the United States 32 concludes that
“adopting consumptive habits less reliant on meat, eggs,
and dairy products” is necessary, while Compassion in
World Farming (CIWF) 16 proposes that developed countries
should reduce production and consumption of meat and
milk to one third below current levels by 2020 and to at
least 60 per cent below current levels by 2050.

Consumption reduction
On the contrary, if a modest increase in consumption
of animal products by the poorest people in developing
countries is the best way to improve their nutrition, this
should be facilitated, and offset by greater reductions in
consumption by those better off and better fed.
When McMichael et al. 46 speak of “variation between highconsuming and low-consuming populations” and say that
meat consumption should be “shared more evenly” they
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Changes in consumption are needed in developing as well as
developed countries, because Figure 5 shows that production
in developed countries is insufﬁcient for any reduction
to offset the current increase in developing countries. To
comment on the diet of people in developing countries is a
sensitive issue, but we are emphatically not saying that poor
or malnourished people should be further disadvantaged:
indeed, people who eat no meat cannot eat less.

Mass consumption: Cattle kept in feedlots are fed large quantities of
grain, which threatens global food security.

4.3 Ruminants and non-ruminants

There are other reasons for restraining and reducing the
numbers of pigs and poultry. As noted in section 2.2, their
production contributes large quantities of GHGs: carbon
dioxide from growing feed grains, methane from manure
and nitrous oxide from application of both manure and
fertiliser (which furthermore uses unsustainable fossil fuels).
Intensive production of feed for monogastrics is water-costly
and manure from these housed animals often causes water
pollution (section 2.3).
Ruminants are potentially more appropriate for feeding
people, because they convert plants and parts of plants
inedible to humans into meat and milk, including straw from
wheat and maize, and vegetation on land that is unsuitable
for other crops. However, there are also strong reasons
for stopping and reversing the current growth in numbers
of ruminants. Most critical is the continuing conversion of
forests into grazing or feed crop land 34, 69. Furthermore,
cattle, sheep and goats produce more methane per
unit of feed consumed, in their digestive systems, than
monogastric animals. So for both environmental and health
reasons, when McMichael et al. 46 propose a target meat
consumption of 90g per day per person, they recommend
that no more than 50g per day should come from red meat
from ruminants. Similarly, Weber and Matthews 79 state that:
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“Shifting less than one day per week’s worth of calories
from red meat and dairy products to chicken, ﬁsh,
eggs, or a vegetable-based diet achieves more GHG
reduction than buying all locally sourced food.”

Spreading problem: Pig and poultry production contributes large
quantities of GHGs from manure and fertiliser application.

So numbers of both ruminants and non-ruminants should be
reduced. Yet policies concerning numbers and management
of livestock cannot just be as simple as that: they must take
into account the complexities of livestock production and
its impacts discussed in previous sections. However much
meat and milk production there is – whether it continues
to increase, levels off or declines – for sustainability to be
achieved it must be made more efﬁcient. The opportunities
for mitigation of climate changing effects of livestock differ
between ruminants and non-ruminants, and between
production systems, as discussed in the next section.
The worst problems for climate change are caused by raising
ruminants and by feeding grain to animals. As such, the
priorities are:
s to slow and reverse the growth in cattle production (beef
and dairy), particularly grain-fed. This will apply more to
developed countries;
s to slow and reverse the growth in pig and poultry
production, particularly intensive, grain-fed. This will apply
more to developing countries.

4.4 Management

Achieving sustainable livestock agriculture – that is ecologically
sound, economically viable, socially just and humane – clearly
requires consideration not just of numbers and species of
animals but of how they are managed. One of the key issues
here is the degree of intensiﬁcation of livestock production.
One conclusion of Livestock’s Long Shadow, concerning
intensiﬁcation, has been widely quoted but also widely
misinterpreted. The wording is as follows 69 :

countries is unsustainable ecologically (section 2.5),
economically and socially (section 3.2). Livestock kept in
well-managed extensive conditions use local resources
and recycle the productivity of the land. Indeed, pastured
livestock is not just less bad for sustainability, but may have
distinctly positive effects, because pasture can contribute
to carbon sequestration.
Carbon storage or sequestration can be enhanced by soil
management practices such as conservation tillage, in which
30 per cent or more of the crop residue remains on the
surface after planting. The IPCC 33 estimates that conservation
tillage can sequester up to 1.3 tonnes carbon/ha/year and
could feasibly be adopted on 60 per cent of arable lands.

“There is a need to accept that the intensiﬁcation and
perhaps industrialization of livestock production is the
inevitable long-term outcome of the structural change
process that is ongoing for most of the sector.”
First that conclusion has to be taken in context. As we pointed
out in section 4.1, the report does not address the paramount
need to slow and reverse growth in the livestock sector. Rather,
it emphasises (e.g. in Map 30 on p.354) that the large majority
of GHGs are produced by ruminants in grazing systems in
developing countries and suggests that their numbers will
continue to grow. Many of those animals have extremely lowquality diets and inefﬁcient production, as well as causing other
problems such as erosion of waterways and their management
frequently could and should be improved. Secondly, the
terms ‘intensiﬁcation’ and ‘industrialisation’ are open to
misinterpretation. Any ‘intensiﬁcation’ of such grazing and
browsing ruminants in those developing countries is starting
from a very extensive basis, and as noted above in section
2.4, Steinfeld et al. 69 use the term ‘industrial’ very broadly, to
include systems with up to a hectare for 10 animals. Livestock’s
Long Shadow is not recommending factory farming.
On the contrary, industrial, highly intensive farming as used
in developed countries and now spreading to developing

Improved grassland management is another major approach
in which soil carbon losses can be reversed leading to
net sequestration by the use of trees, more appropriate
species and fertilisation techniques. Pasture is the largest
anthropogenic land use and could therefore potentially
sequester more carbon than any other practice 69.

Grassland degradation
Overgrazing is the greatest cause of degradation of
grasslands. Thus, in many systems, improved grazing
management (e.g. optimising stock numbers, rotational
grazing) will result in substantial increases in carbon pools 33.
The introduction of trees in pasture areas can improve pasture
productivity, increase nutrient recycling and promote soil
stabilisation and species biodiversity. Soils under silvopastoral
systems also have higher carbon content. Successful
silvopastoral systems have been implemented in cattle and
sheep production in Latin America and New Zealand 69.
Agroforestry may be especially successful in pasture with
relatively low productivity, which is by far the largest sector
of land used for livestock production.
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The total potential sequestration of carbon associated
with livestock management (Table 3) is comparable to the
total carbon emissions from livestock worldwide (Table 1).
However, it is not enough to offset the total GHG release
from livestock production, including methane and nitrous
oxide, which is of the order of seven billion tonnes of
carbon dioxide equivalent per year. This emphasises again
the need to reduce livestock numbers and to adopt other
improvements in management practices.

Outdoor life: Livestock kept in well-managed extensive conditions,
in silvopastoral systems, can have positive effects on the environment.

Table 3. Global terrestrial carbon sequestration
potential from improved management (data from 33 )
Carbon sink

Potential sequestration (billion
tonnes carbon per year)

Arable land

0.85 – 0.90

Grassland and rangelands
Forests

1.7
1–2

4.5 Processing and transport

Livestock’s Long Shadow 69 considers at length changes
in livestock management that can improve sustainability –
changes in areas such as feeding methods and land, water
and manure management – and this report will not duplicate
that coverage. However, there is one general issue that we
must address, partly because this is the approach that has
received most attention generally (although not from
Steinfeld et al.): organic production.
The impact of organic methods of livestock production on
sustainability is not straightforward, so it cannot simply be
said that organic production is good or bad for sustainability.
Two reports to the UK’s Department for Environment, Food
and Rural Affairs illustrate the complexity. Foster et al. 24 report
that energy use is lower for organic beef, sheep and pigs than
conventional but higher for poultry, while organic dairying uses
less energy in absolute terms but more per litre of milk. That
report draws on an earlier one 80 that considered the various
impacts of a variety of management systems in more detail.
To take beef as an example (Table 4), organic production uses
less energy and resources in general than other systems, and
no pesticides, but compares less well on other criteria such as
potential for global warming and eutrophication, and land use.
Some of these differences can be explained by slower growth
of organic livestock.
The conclusion must be that organic methods should be
used judiciously as part of a general conversion to sustainable
livestock production – or rather, as that conversion must include
reduced livestock production, a conversion to sustainable food
production. One of the principles of the organic movement is
that “organic agriculture should be based on living ecological
systems and cycles, work with them, emulate them and
help sustain them” 30, a principle which must, by deﬁnition,
contribute to solving problems of unsustainability.

There have been few analyses of the sustainability of
different approaches to processing of animal products:
for example, we know of no comparisons of commercial
processing and sale of ‘value added’ products versus sale
of meat to be prepared for cooking in the home. It is known,
though, that post-farm-gate processes account for more
than half of the food-related GHG emissions in the UK 27.
Foster et al. 24 comment that “for chicken, energy and water
impacts from processing [are] as signiﬁcant as impacts in
chicken rearing.” Study of this issue, including a comparison
of processing and cooking meat versus alternatives, would
be valuable.

Indisputable conclusion
The issue of transport has received more attention,
particularly in relation to food miles. The conclusion is
indisputable: for reasons of fuel use, pollution, disease
control and local food security, as well as animal welfare,
there should be a reduction in movement round the world
of animal feed, animals and food from animals 3, 8, 43. This
principle must take into account the fact that livestock
production must increasingly be regarded as unacceptable
in areas that are fundamentally unsuitable for reasons
such as lack of water (the example of the Kalahari area
of Botswana was given in section 2.3) and the need
to address the protein requirements of people in such
areas. However, it can no longer be assumed that those
people should be supplied with imported meat. Providing
people with adequate nutrition is rightly a priority for all
governments. Providing them with meat is not.

Table 4. Environmental impacts of different beef production systems per tonne of carcass dead weight 80
MJ megajoules, GWP global warming potential, CO2 carbon dioxide, EP eutrophication potential, AP acidiﬁcation potential,
ARU abiotic resources used. For explanation of measures see source.
Impacts and resources used

Conventional

Organic

100% suckler

Lowland

Hill and upland

Primary energy used, MJ

27,800

18,100

40,700

26,800

29,700

GWP100, kg 100 year CO2 equivalent

15,800

18,200

25,300

15,600

16,400

EP, kg PO4 equivalent

157

326

257

153

169

AP, kg SO2 equivalent

469

711

708

452

510

Pesticides used, per ha

7.2

0.0

7.3

6.7

8.0

ARU, kg antimony equivalent

36

31

51

34

41

Land use, ha

2.3

4.21

3.85

2.28

2.41

5.
Conclusions and
recommendations
5.1

Sustainability in livestock production and more widely
in food production cannot be achieved by simple
measures. A sustainable food policy is likely to be as
complex as the food production system itself.

5.2

A sustainable food policy has to address all aspects
of sustainability: it must be ecologically sound,
economically viable, socially just and humane. Despite
the paramount urgency of environmental issues, it is not
politically or practically possible to address them
in isolation from economics and social justice.

5.3

Humane treatment of animals fosters sustainability
and vice versa.

Recommendation 1

© Eric Dawidow/WSPA

Intergovernmental organisations, national governments
and the food supply industries (agricultural and retail)
must urgently develop policies for sustainable food
supply. For livestock production to have reduced
impact on climate change and to be sustainable in
other respects it must be biologically based, socially
just and humane. Animal welfare must be included in all
future discussions on agriculture and climate change.
5.4

Farm animals make up two-thirds of the terrestrial
vertebrate biomass. They use an unsustainable
quantity of water and other natural resources and
contribute an unsustainable quantity of anthropogenic
GHG emissions. The projected doubling of meat and
milk production from 2000 to 2050 is unsupportable. It
is necessary both (a) to reduce the net environmental
impact per unit of livestock production and (b) to slow
and then reverse current growth in livestock numbers
worldwide.

5.5

The worst problems for climate change are feeding
grain to animals and raising ruminants. However,
increasing pig and poultry production is problematic
too, for reasons of development and food supply,
because they eat food that people can eat. By contrast,
pastured livestock is not just less problematic, but may
be beneﬁcial, because pasture can contribute to carbon
sequestration. So the priorities are: (a) to slow and
reverse the growth in cattle production (beef and dairy),
particularly grain-fed; this will apply more to developed
countries; and (b) to slow and reverse the growth in pig
and poultry production, particularly intensive, grain-fed;
this will apply more to developing countries.

Recommendation 2
The current acceleration in meat and milk production
cannot be allowed to continue unchecked. National
governments and intergovernmental organisations
must develop mechanisms to slow and reverse
this growth, especially in cattle production, grain

feeding and intensive production methods that are
not ecologically sustainable. They must also assist
livestock producers, within the wider agricultural
industry, to manage this slowdown in volume of
production, by mechanisms including development
of value-added markets such as that for humanely
reared animal products.
5.6

5.7

Thus livestock numbers and efﬁciency will have to
be addressed in developing as well as developed
countries. This is not saying that poor or malnourished
people should be further disadvantaged. If a modest
increase in consumption of animal products by the
poorest people in developing countries is the best way
to improve their nutrition, this should be facilitated, and
offset by greater reductions in consumption by those
better off and better fed.
Information is scant on the number of people within
countries that consume different amounts of animal
products.

Recommendation 3
Research is urgently needed to enable design of policies
that reduce (or slow the increase in) meat consumption
by people who consume more than others, while not
causing hardship to poor or malnourished people
in either developed or developing countries. As this
addresses a ‘public good’ it will require support from
public and philanthropic funding bodies.
5.8

5.9

At the time of writing (mid-2008), food prices are
increasing due to a variety of ﬁnancial pressures,
further exacerbating problems of food supply
particularly for undernourished people and further
underscoring the urgency of a sustainable food policy.
Long-term food security is not promoted either by
increased, industrialised meat supply or by transport
of animal products round the world, as both depend on
resources (including oil) that are unreliable and subject
to inevitable decline, and do not guarantee food to
those who need it most. Long-distance transport of
animals for slaughter is particularly wasteful of energy,
dangerous for disease transmission and inhumane.
Food security is best achieved on a local basis, with
local animal keeping as part of a biological rather
than a technological approach.
As the majority of GHGs are currently produced
by ruminants in grazing systems in developing
countries, more efﬁcient management of those
livestock is needed. Yet highly intensive production
causes many other problems. Mid-way between the
extremes, livestock kept in well-managed extensive
conditions use local resources and recycle the
productivity of the land.

Recommendation 4
Food production needs to move away from
industrial, multinational systems towards moderatescale, humane models with local supply chains and
markets, contributing to greater national and regional
self-sufﬁciency in food. This would reduce not only
the environmental damage caused by livestock
production, but also the unpredictability in global
food markets such as that underlying the current
food crisis.
5.10 Livestock production also needs further adaptation in
developed countries, away from the intensive systems
that have externalised environmental and social costs,
towards humane, sustainable systems. Organic
methods make a helpful contribution for some species
in some circumstances, although not all.
5.11 Industrial animal agriculture is no solution to climate
change or to achieving environmental or social
sustainability.

Recommendation 5
Financial support for industrial livestock production
methods (such as unseen subsidies for externalised
costs) should be ended, and economic mechanisms
to support humane sustainable livestock production
(for example research funding) should be prioritised.
Governments should support these changes with highproﬁle, well-resourced public awareness campaigns.

Recommendation 6
An inevitable consequence of the previous
recommendations is that consumers who eat large
amounts of meat and other animal products should
eat less of those products. The animal products
that consumers buy should be sourced locally and
reared in humane and environmentally and socially
responsible ways.

7ORKING TOWARDS GLOBAL RECOGNITION OF
ANIMAL WELFARE
The international animal welfare community is
working alongside governments from around
the world to achieve a Universal Declaration
on Animal Welfare (UDAW) at the UN.
Such a Declaration would support the inclusion
of animal welfare in intergovernmental
debates on environmental sustainability, food
security and other issues at the heart of the
international development agenda. To ﬁnd
out more, please visit www.udaw.org/gov
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