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“Sustainable development is development 
that meets the needs of the present 

without compromising the ability of future 
generations to meet their own needs.”

Brundtland Report, 1987

Millennium 
Development Goals

2000 to 2015 2015 to 2030
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Meeting the needs of all within the means of the planet

Ecologically safe and socially just space

The inner ring of the doughnut represents a sufficiency of the resources we need to lead a 
good life: food, clean water, housing, sanitation, energy, education, healthcare, democracy. 
Anyone living within that ring, in the hole in the middle of the doughnut, is in a state of 
deprivation. 
The outer ring of the doughnut consists of the Earth’s environmental limits, beyond which we 
inflict dangerous levels of climate change, ozone depletion, water pollution, loss of species and 
other assaults on the living world.

Raworth, 2017Raworth, 2017
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Food security exists when “all people 

at all times have access to sufficient, 

safe, nutritious food to maintain a 

healthy and active life” - WHO

FAO, 2006
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Needs of RESOURCES



6

6

Livestock

RESOURCE POOL HUMAN BENEFITS

LIVESTOCK AND THE INTERPLAY OF BIO-PHYSICAL (NATURE) AND 
SOCIO-ECONOMIC (HUMAN) DIMENSIONS
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FAOSTAT 2016

Increasing demands for crops
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Rising Demand for Animal Products

2005 - 2050 

+ 70%     GLOBAL 
SCALE AVERAGE

+278 %   AFRICA

Source: FAO 2012Globally humanity consumes 308,2 million tonnes of 
meat a year (2016) 

Industrialized countries are the biggest meat consumers
76,2 kg Industrialized countries meat consumption per capita, 
per year
33,5 kg Developing countries meat consumption per capita, per 
year
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1/3 of arable land for feed 
crops

Limited land for 
agricultural expansion
Land degradation

Water 
Energy
Nutrients
Water scarcity

RESOURCE SCARCITY
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What are the IMPACTS?



1212

Environmental impacts of 
increasing crop demand
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Davis and D’Odorico 2015

Intensifying livestock sector
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Food security tradeoffs
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Food vs. Feed

Food security tradeoffs
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Converting unusable biomass

Food security tradeoffs
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• Pasture

• Feed

• Ruminant digestion (CH4)

• Fertilizer denitrification

• Manure breakdown

• Cropland

• Grassland

Davis 2015 ERL
Di Paola, Rulli, Santini 2017 LUP

Environmental effects of livestock
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Environmental efficiencies of livestock 
production system

Davis 2015 ERL
Di Paola, Rulli, Santini 2017 LUP
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CONTRIBUTION TO CLIMATE CHANGE

AGRICULTURE: 20 to 30 % of anthropogenic climate gases;
2/3 from livestock (7.1 GT CO2eq)
Overriding role of ruminants

MOST IMPORTANT

SOURCES:
• Enteric methane
• Feed production
• Animal waste
• Land use

Strong relationship between productivity and emission intensity
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THREAT TO BIODIVERSITY IN 306 OF THE 825 ECOREGIONS

• Arable land use for feed and expansion
• Aquatic systems (nutrient loading)

• Positive roles

LIVESTOCK AND BIODIVERSITY
EXTENT OF PASTURES: 26% OF ALL LAND – both positive and negative impacts
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LIVESTOCK AND WATER

Water use: 29% of total agr. water use

Impact on vegetation and water cycles 

Water pollution: local impacts in areas of 
high animal concentration

22
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How much water do we need for 
producing food?

A balanced diet requires on 

average 1500-1600 m3 of 

water for food production 

per person per year

We use the concept of Virtual Water :
Water cost of the goods we use
It is virtually “embodied” in those goods   (Allan, 1998)
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How much water do we need for 
producing food?

A balanced diet 

requires on average 

1500-1600 m3 of water 

for food production per 

person per year
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Water as a limiting factor … 

availability and distribution
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Facts about

FOOD, WATER, ENERGY 

SECURITY…

Some 795 million people 

in the world do not have 

enough food to lead a 

healthy active life. That's 

about one in nine people 

on earth.

The vast majority of the 

world's hungry people 

live in developing 

countries, where 12.9 

percent of the 

population is 

undernourished.

780 million people 

live without clean 

drinking water.

Compared to today, 

five times as much 

land is likely to be 

under “extreme 

drought” by 2050.

About 1.3 billion people do 

not have access to 

electricity.

2.6 billion people do not 

have access to clean and 

energy efficient cooking 

technologies.
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How to change these unsustainable trends?
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Towards a sustainable food system…
1. Improve 

efficiency of 
resources

2. Protect 
critical 
resource

3. Enhance 
human 
benefits

4. Manage risks 
and build 
resilience

5. Develop 
governance 
and 
institutions
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Reduce food waste

Can feed coming
from ex-food help 
in food waste
reduction?

Approximately a quarter of all food production 
(and its supporting resources) is currently lost in 
the food supply chain

By adopting currently available ‘best practices’ it is possible to cut in half the amount of food 
lost during the food supply chain, and in turn, significantly reduce the environmental 
impacts required to support this waste (Kummu et al, 2017).

Towards a sustainable food system…
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Conclusions

o Large environmental impact, negative and 
positive

o Context of growing demand, climate change 
and growing scarcities

o Diversity of systems, issues and responses

o Large potential to respond; social and economic 
co-benefits

o Requires pro-active policies, incentives and 
innovation
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Thanks for your attention
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INCREASE EFFICIENCY 1. Improve efficiency of resources

2. Protect critical resource

3. Enhance human benefits

4. Manage risks and build 
resilience

5. Develop governance and 
institutions

SFA Approach - Five Principles

Henning Steinfeld, FAO
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• protect assets, enhance multiple functions of 
livestock in smallholder

• and pastoral systems
• • Integrated landscape management
• (optimize contributions rather than maximizing 

output)
• for food, biodiversity, water, cultural values
• • Address overconsumption – healthy diets
• • Reduce food-feed competition
• RESPONSES

ENHANCE LIVELIHOODS AND 
HUMAN WELL-BEING
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PROTECT RESOURCES
35

• Limit livestock’s expansion into 
valuable eco-systems
• Integrated land use management 
(in particular in fragile eco-systems)
• Protect water resources
• Requires incentives and 
regulations
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INCREASE RESILIENCE
• Livestock as a tool of adaptation
• improve coping capacity with shocks

• Of global commons (e.g. climate)
• Of local commons (e.g. communal grazing, 
water)
• Incentive schemes (payment for 
environmental services, carbon markets)

IMPROVE GOVERNANCE
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Bio-physical dimension
 Energy capture, photosynthesis, fuels (fossil, biofuels)

• 65,000 TW reaches the hydrosphere, but less than 1% is converted to NPP
• The food sector currently accounts for 30% of the world’s total energy consumption

(FAO, 2011) 
• Livestock energy conversion typically ranges from 1.0 to 4.3 MJ of fossil fuel per MJ 

of animal product (Giampietro, 2002)

 Land use 
• Livestock systems occupy 29% of the global surface area
• 3.3 billion hectares for rangelands; 25% of total land area
• 0.5 billion hectares of the crop land area is being used for feed production; 4% of 

the total land area

 Biodiversity 
• 75% of the world’s food supply is generated from only 12 plants and five animal species
• Livestock have direct impacts on biodiversity through trampling, grazing, and defecation, 

the larger indirect impacts - through deforestation, GHG emissions, feed trading, and 
water pollution (Reid et al, 2009)

 Water
• About 70% (2769 km3/year) of fresh water is used for agriculture (AQUASTAT, 

2016)
• Water use for livestock represents 31% of the total agriculture water use (de Fraiture

et al., 2007)



38

• Nutrients
• Livestock is an important source of soil nutrients, where reliance on fertilizer is low, like in Sub-

Saharan Africa (Goulding et al., 2008; Rufino et all., 2006)

• Nutrient use efficiency (NUE) for Nitrogen ranges from 27-48% for the livestock supply chain in Europe 
(Uwizeye et al., 2016), and from 46-121% in crop-livestock systems in Africa (Rufino et al., 2006)

• Climate change
• Livestock supply chains emitted 8.1 gigatonnes CO2-eq in 2010 (GLEAM 2007 Version 2.0)

• Livestock production in Sub-Saharan Africa represents 5% of the total global sector’s emission 
(GLEAM 2007 Version 2.0)

• Emission intensity of dairy systems in Ethiopia is on average 24.5 Kg CO2 eq./kg FPCM, and 
ranges from 3.8 to 44.6 Kg CO2 eq./kg across dairy production systems (FAO & NZA Greenhouse Gas 
Research Centre, 2017)

• Diseases
• Current emerging infectious diseases are associated with human modification of the environment

• Animal diseases generate a wide range of biophysical and socio-economic impacts that may be both direct 
and indirect, and may vary from localized to global (Perry & Sones 2009)

• Biomass production
• Humans appropriate 25% of the total net primary production (HANPP) (Krausmann et al., 2013)

• Agriculture represents 84–86% of total appropriation of HANNP, with 42–46% on cropland and 29–33% on 
grazing land (Krausmann et al., 2013).

• HANPP in Sub-Sarahan Africa is around 18% (Haberl et al., 2007)

Bio-physical dimension
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Socio-economic dimension

Food and Nutrition
 ‘All’ the world’s population, i.e. 7.4 billion people consume food every day.

 793 million people are undernourished, 

 1.9 billion people are overweight, of which 600 million obese adults (WHO)

 Livestock products contribute 17% to global calorie consumption and 33% to 
protein consumption globally

 23% of Sub-Saharan population is undernourished (FAO, 2016). In Ethiopia, 
32% of the population is undernourished (FAO, 2016) and 16.8% is overweight 
(WHO, 2014)

Value, income and employment
 Agriculture (primary production) contributes $5.2 trillion or 6% to world’s GDP 

 Livestock global asset is valued at least $3.1 trillion 

 Livestock supply chain employ at least 1.3 billion people globally and directly 
support the livelihoods of 600 million poor smallholder farmers

 In Ethiopia, the dairy sector represents 40% of agricultural GDP and 12–16% in 
the national GDP 

 There are about 11.4 million livestock producing households in Ethiopia (CSA, 
2013)
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Socio-economic dimension

Rural growth and linkages, political stability

 Agricultural growth has multiplier effects, and raises 
income by factor 1. 7 to 2.7 in Africa and Asia 
(Pinstrup Andersen and Watson, 2011).

 Increases in international food prices can lead to 
unrest and conflict, e.g. “Arab spring” (Arezki and 
Markus Brückner, 2011)

Environmental services and cultural values

 Tourism, landscape aesthetics

 Food as part of culture and social interaction
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Outside pressures (external drivers)

Demand growth
 Population growth

• 2015/2050: World: 7.3 to 9.7 billion (+32%); SSA: 1.0 to 2.2 billion (+120%);  
Ethiopia: 99.4 to 188.5 million (+90% )

 Changing diets
• Ethiopia’s milk consumption is 19 liters per person per year. In urban areas, as in Addis 

Ababa, milk per capita consumption is currently 52 liters (FAO & NZA Greenhouse Gas 
Research Centre, 2017)

 Urbanization 
• 2015/2050: World: 54 to 65%; SSA: 37 to 53%;  Ethiopia: 19 to 37%

Climate change 
 Increase in temperature and CO2 level
 Climate variability – extreme events (droughts, floods)
 New disease threats

Competition and scarcity
 Competiton for land, water, energy
 Growing scarcity (water depletion, land degradation, phosphorus, energy)


