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OUTLINE  



• 70% of the world’s rural poor rely on livestock for their livelihoods.

• 600 million poor livestock keepers in the world, around two-thirds 
are rural women.

• Over 100 million landless people keep livestock.

• For the vulnerable, up to 40% of benefits from livestock keeping 
come from non-market, intangible benefits, mostly insurance and 
financing.
• In the poorest countries, livestock manure comprises over 70% of 
soil fertility amendments.

• Many employed in local informal livestock product markets

• 90% of animal products are produced and consumed  locally or in 
region

• Over 70% of livestock products are sold ‘informally’

Source: Tarawali, S (2016), ILRI

STATUS OF LIVESTOCK IN SMALL SCALE PRODUCTION 



Thornton et al. 20609

At least 600 million of the World’s poor depend on livestock













FOOD AND NON FOOD FUNCTIONS of LIVESTOCK  

• Multiple benefit (milk, meat, eggs, labour, manure, 

wool, hides, skins…)

• Regular income generation

• Use of marginal land/weed control

• Convert human inedible plant materials into food

• Financial security/Assets 

• Socio-cultural status 

Food Security, Poverty
Reduction and Resilience





Contributions of livestock to the SDGs





The challenge ahead

• Need to feed more people by 2050 (1/3 more than now)

• At a lower environmental cost (roughly the same
land, low emissions, water and nutrient use)

• In a socially and economically acceptable way
(equitably, at the right prices, etc)

• Food systems have been changing and are likely to
change even more!

• ATTAIN THE SDGs



The environmental impact of
animal production 

All anthropogenic activities have an impact – which can be
positive or negative – on the environment

Animal production is not an exception:

1. Greenhouse gas emissions (GHG - climate change)

2. Nutrient excretion (nitrogen, phosphorous)

3. Land usage

4. Energy expenditure – fossil fuel



Main sources of GHG
emission and
removal in managed 
ecosystems (IPCC,
2007)







Carbon 
dioxide 
(CO2)

• microbial decomposition of soil organic
matter and dead organic matter (i.e. dead
wood and litter)

• deforestation
• burning of organic matter

Methane 
(CH4)

• enteric fermentation from livestock
• methanogenesis under anaerobic

conditions in soils (e.g. during rice
cultivation) and manure storage

• burning of organic matter

Nitrous 
oxide 
(N2O)

• nitrification and denitrification due to
application of synthetic fertilizers and
organic amendments (e.g. manure) to soils

• burning of organic matter (IPCC, 2006).









Gerber, 2013, FAO

METHANE 
DOMINATES 



CO2-eq

•The greenhouse effect is different for different
gases involved

•The effects of emissions conform with the “CO2

equivalent” (IPCC, 2007)

Carbon dioxide-equivalent (CO2-eq)

1 kg CO2

1 kg CH4

= 1 kg CO2 equivalent

= 25 kg CO2 equivalent

1 kg N2O = 298 kg CO2 equivalent



LIFE CYCLE ASSESSEMENT  IN  SHEEP FARMING 

Jones, et al  (2014) The carbon footprint of lamb: sources of 
variation and opportunities for mitigation. Agric. Sys. 123, 97–107.



BROILER 
PRODUCTION 



Source: Gerber et al. 2013



Global greenhouse gas efficiency per kilogram of 

animal protein produced

Large inefficiencies in the developing world – an 

opportunity?

Source Herrero, (2013)  ILRI



2-12% 
Energy 

loss





• Increasing temperatures -> heat stress

• Changes in rainfall -> crop and pasture growth, water, pests 
and diseases

• Changes in feed resources will occur (pasture, crop residue, 
suppl. feed)

• Highest impact on dryland grazing systems

• Higher Risk of Disease – some diseases are especially 
sensitive to climate change ( e.g. food and vector borne 
disease)

• Low Reproductive Performance 

Climate Change Impacts 



SUMMARY OF PART 1 
• Livestock have key roles to play  in achieving the Sustainable 

development Goals

• Multiplicity of Animal Production Systems

• Variable Sources of Emissions but sources vary and its  not solely the 
ruminants

• Low emissions of GHG by the monogastrics but the GWP of feeds is 
high

• Livestock has other impacts other than Global Warming Potential

• Be cautious on interpretation of figures, (e.g. emission per animal or 
a functional   unit  (e.g., per litre of milk)

• Emissions varies across  and within continents

• The meaning of CO2 Equivalent  

• Loss of methane is a loss of potential  metabolic energy for 
ruminants 

• Climate Impacts on Animal Production 



Climate-smart agriculture (CSA) is an integrative approach 
that explicitly aims for three objectives:

A. Sustainably increasing agricultural productivity, to 
support equitable increases in farm incomes, food security 
and development goals;

B. Adapting and building resilience of agricultural and food 
security systems to climate change at multiple levels; and

C. Reducing greenhouse gas emissions from agriculture 
(including crops, livestock and fisheries).

QUICK REFILL on CSA



CLIMATE SMART TOOLS CATEGORIES 









Sustainable intensification is an approach to increase food 
production from existing farmland in ways that place far less 
pressure on the environment and that do not undermine our 
capacity to continue producing food in the future (Garnett et al. 
2013). 

Sustainable intensification seeks to improve yields of crops and 
livestock per unit of land, water, energy, nutrients and labour 
through conventional, “high-tech,” agro-ecological, or organic 
technologies. SI intersects with management of biodiversity, 
animal welfare, human nutrition and sustainable development 
(Garnett et al. 2013). SI and CSA are viewed as highly 
complementary. According to Campbell et al., "SI is an essential 
means of adapting to climate change, also resulting in lower 
emissions per unit of output. With its emphasis on improving risk 
management, information flows and local institutions to support 



AREAS OF INTERVENTIONS FOR 
CLIMATE SMART  

LIVESTOCK  PRACTICES 







Strategies to reduce enteric emissions

Among the many possibilities, these have 
received a great deal of attention:

1. Forage nutritional quality, focused on reducing
fiber content in the diet while ensuring adequate
protein supply

2. Ensuring adequate forage availability throughout
the whole year



Improved feeding
:

• Integrate trees & shrubs with animals - reduced heat
stress, improved supply and quality of forage to help
manage overgrazing, improved resilience (e.g. Acacia)

• Supplement diets with better quality green fodder (e.g.

(Leucaena leucocephala) 

• Fodder conservation (e.g. silage, hay

• Higher‐digestibility crop residues (e.g. treat straw with urea)

• Fodder banks 

•Supplementation with 

concentrates



Dry season management

• Periods of reduced forage availability are likely to increase

under climate change

• Mixed systems can deliver multiple benefits and spread risk

• Make use of different feeds to cover the gap

• Crop residue

• Small areas of planted legumes (fodder banks)

• Opportunistic feeds cut, Storage

• Plant tree species that have good nutritivevalue



Climate smart options for livestock

• Herd management

• Management herd size and age structure

• Better nutrition, improved husbandry – reduce

mortality, improve reproduction, reduce slaughter

age

• Manage disease risk

• Maintain herd health

• Livestock housing

• Improve handling to ensure recovery and recycling of 

nutrients and energy contained in manure, storage and 

application techniques

• Biogas production 

• Manure management



The key should be on the 
sustainable intensification of
animal production systems



Intensive Silvopastoral Systems

Fodder shrubs in
high densities
(>5000/ha) 
associated to 
improved
grasses, with
intensive
rotational grazing 
and electric
fences

Murgueitio et al., 2015



Feeding of Leucaena and methane emissions



Effect of Leucaena leucocephala on methaneproductionofLucerna heifers fed a diet based on 
Cynodon plectostachyus I.C. Molina et al ( 2016) Livestock Science 185



Supplementary feeding with Leucaena leucocephala

Relationship to CSA
• Leucaena are highly nutritious and, when fed as a supplement to 

livestock, can substantially increase meat and milk yield 
compared with a low-quality baseline diet. 

• The planting of species like Leucaena on a mixed farm can thus 
increase productivity per animal while also increasing resilience 
by making substantial impacts on income. 

• Improve the diet of ruminant livestock, the amount of methane 
produced by the animal per kilogram of meat and milk produced is 
substantially reduced. 

• In addition, planting Leucaena trees on farms increases carbon 
sequestration in the soil, possibly by up to 38 tonnes of carbon per 

ha. ( can be sold!!)



Efficiency gains in dairy production systems

CSA practices : feed quality improvements, breeding improvements, 
herd size management, and feed quantity

The Relationship with CSA

• Farmers benefitted from increased herd size and cow weight 
and increased efficiencies in the dairy value chain.

• Farmers’ improvements in productivity also resulted in 
relative mitigation benefits. 

• Although total annual GHG emissions increased due to 
increased herd size and cow weight, the project caused a strong 
decrease in GHG emission intensity of milk production.



Use of balanced feeding of livestock in India 

Relationship to CSA 
Environmental benefits:

• a 15–20 percent decrease in methane emissions per kg of milk
produced;

• reduced nitrogen excretion into the environment.

Health benefits:
• improved animal immunity due to a reduction in the parasitic load.

Improved livelihood benefits:
• significant decrease in average cost of feeding;
• increased average milk yield, milk protein output and fat content;
• improved growth rate of calves, leading to early maturity and

earlier calving; and
• 10-15 percent increase in the net daily income per animal for 

farmers.



Changing from local breeds to cross-bred cattle

Relationship to CSA

• Cross-bred cattle developed for the tropical grasslands of northern 
Australia demonstrate greater heat tolerance, disease resistance, 
fitness and reproductive traits compared with the breeds normally 
used. 

• Cross-breeding coupled with diet intensification can lead to 
substantial efficiency gains in livestock production and methane
output. 

• With widespread uptake, this would result in fewer but larger, 
more productive animals being kept, which would have positive 
consequences for methane production and land use.



Overall Impact 



Example of technical mitigation potential of agricultural

practices

Source: Cited in Wilkes et al., 2013b.

2
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Country Climate change mitigation
actions

Emission reduction
potential by
2030 (in Mt of
CO2eq)

Ethiopia Changed herd mix for more efficient feed
conversion

18

Improved feed, breed and management 17
Reduced draught animal population 4
Improved agronomic management of soils 40
Increased yields through improved seeds,
fertilizers and agronomic practices

27

Kenya Agroforestry 4.2
Conservation tillage 1.1
Fire reduction in crop and grasslands 1.2

Brazil Reduction of Amazon deforestation 564
Reduction of Cerrado deforestation 104
Restoration of grazing land 83-104
Integrated crop-livestock system 18-22
No-till farming 16-20
Biological nitrogen fixation 16-20
Planted forests 8-10













Identified emission hotspots do not always coincide with mitigation potential hotspots. In addition, default 
Tier 1 emission factors and a sectoral approach to GHG emission quantification may not reflect most of the 
mitigation efforts in agriculture. Therefore,  it is recommended that Tier 2 calculations are used for assessing 
the mitigation potential of technical interventions.

Modelling packages of options can support the identification of mitigation hotspots and priorities.

For instance, the Global Livestock Environment Assessment Model (GLEAM), a Tier 2 livestock sector specific 
biophysical model based on Geographic Information Systems (GIS) which adopts a life cycle assessment 
approach, has been developed to quantify GHG emissions in livestock supply chains and to assess the impact of 
mitigation and adaptation options on a national, subnational, regional and global scale.

• It differentiates emissions and emission intensities from livestock supply chains;

• assesses technical mitigation potential of interventions and their impact on productivity; and

• covers 11 main global livestock commodities and predominant livestock production systems.

GLEAM supports countries in the development of NAMAs by:

✓ Defining a baseline scenario and supporting countries in identifying and setting priorities for the 
livestock sector.

✓ Measuring impacts of mitigation actions on the livestock sector.

✓ Quantifying sustainable development benefits e.g. productivity gains.

To learn more about GLEAM, click here.

3.3.4.4. Identification of mitigation hotspots with GLEAM
1
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http://www.fao.org/gleam/en/


Example: Life-cycle analyses of pig production in East and

Southeast Asia

MODULE 1: Climate change and agriculture 62

The main sources of emissions in pig production systems are:

• feed production, which alone represents about 60 percent of total emissions from
commercial systems;

• manure, which accounts for 14 percent of total methane emissions in industrial
systems; and

• on-farm energy use and post-farm activities (6 percent).

The following mitigation options were explored using GLEAM

• improved manure management (through increased use of anaerobic
digestion);

• adoption of more energy efficient technologies and low-carbon
energy; and

• improved feed quality, animal health and animal husbandry in
intermediate systems.

The results of GLEAM modelling demonstrated that adoption of more efficient technologies in commercial pig

production could be reduced by 20 to 28 percent from baseline emissions with stable production.







Example: Sustainable intensification of tropical forage-based systems



Aims: Improve livestock efficiency to
produce more product per unit of

Input/resource and causing less environmental
harm

ADAPTATION AND MITIGATION POTENTIAL 
MEASURES ARE MOSTLY COUNTRY SPECIFIC –

NO ONE SIZE FIT ALL

HUGE POTENTIAL FOR IMPROVEMENT OF 
PRODUCTIVITY AND REDUCE EMISSIONS INTENSITY 



SOURCES OF INFORMATION 

✓ International Livestock Research Institute
✓ FAO, Animal Health and Production Division
✓ Livestock Research Global Alliance
✓ African Livestock Futures
✓ Climate Source Book of FAO
✓ Global Agenda for Sustainable Livestock
✓ Roslin Institute, University of Edinburgh
✓ GLEAM
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