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World Population 
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Year	  10,000 BC   2050 

1804: 1 Billion 
1927: 2 Billion 

1960: 3 Billion 

1975: 4 Billion 

1987: 5 Billion 
1999: 6 Billion 

2011: 7 Billion 

2025: 8 Billion 

2045: 9 Billion 

Source: US Census Bureau 

How do we meet 70% 
increased demand in 

animal protein by 2050 
sustainably? 

What is “sustainability”? 

Sustainability = 
environmental 
impact? 
No. 
Economics and social issues must also be 
considered. 
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Sustainability… a ‘wicked’ 
problem 

•  No clear definition of the problem 
•  No ‘right or wrong’ rather ‘better or worse’ 
•  Stakeholders have different ways of looking 

at the problem 
•  Causes and effects within the system are 

complex, unknown and/or highly uncertain 

Such a problem has the essential characteristic 
that it is not solvable; it can only be managed. 

Peterson, 2013 
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Environment 

Economic 

Social 

Long-term business viability, stewardship of natural 
resources, and responsibility to community, family, 

animals 

Temperature and CO2 
concentration 

Temperature and CO2 
concentration 

Current CO2 concentration 
higher than past 650,000 years 

Source: http://climate.nasa.gov/evidence/ 
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Global Warming Potential 

Carbon Dioxide CO2   1 

Methane CH4     28 

Nitrous oxide N2O     265 

Cowspiracy: The Sustainability Secret is a groundbreaking 
feature-length environmental documentary following 

intrepid filmmaker Kip Andersen as he uncovers the most 
destructive industry facing the planet today – and 
investigates why the world’s leading environmental 

organizations are too afraid to talk about it. 

Livestock’s Long Shadow 

“The Livestock sector is a major 
player, responsible for 18% of 
GHG emissions measured in 
CO2e. This is a higher share 
than transport” (FAO 2006) 
• Used Life Cycle Assessment 
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Source: Savory Institute 

Russia and Brazil are home to the largest forested areas accounting for 21
and 10% of the total global forestland, respectively (Dixon et al., 1994). High
and low latitude forests contain the largest C pools; hence changes (anthro-
pogenic or nonanthropogenic) to specific forested areas can have a greater
effect upon on C storage than other forested areas (Dixon et al., 1994).

Land-use change is defined as greenhouse gas emissions from human
activities which either change the way land is used (e.g., clearing of forests
for agricultural use) or has an effect on the amount of biomass in existing
biomass stocks (e.g., forests, village trees, woody savannas, etc.) (IPCC, 2000).
Froma livestockperspective, land-use changeswould include any land adapted
for livestock rearing (e.g., animal grazing, production of cropland for livestock
feed). Forested areas are particularly sensitive to land-use change.When forest
ecosystems undergo relatively abrupt land-use changes, such as deforestation,
forest regrowth,biomass burning,wildfires, agriculture abandonment,wetland
drainage, plowing, accelerated soil erosion, and so on, a significant loss of SOC
and increase in GHG emissions occur (CAST, 2004; Dixon et al., 1994;
Houghton et al., 1999).

Using the IPCC’s definition of land-use change, livestock uses directly
(i.e., pasture, LPS) and indirectly (i.e., production of feed crops) the largest
land mass in the world (Bruinsma, 2003; Naylor et al., 2005) and is a
primary driver for land-use change. LLS (FAO et al., 2006) estimated that
livestock related land-use change produces 2400 Tg CO2-eq yr!1 or 35%
of the total GHGs attributed to livestock. LLS (FAO et al., 2006) identifies

Land degradation in drylands Current forest cover National boundaries
Net gain of forestNet loss of forest

Figure 8 Forest transition and land degradation in dry lands (FAO, 2006).
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fermentation is the second leading source of GHG from livestock. Therefore,
when evaluating LLS (FAO et al., 2006) with respect to GHGs, domesticated
ruminants are the primary species studied. However, it is important to
recognize the significance of other nonruminant livestock. For example, in
the United States swine are the second greatest source of CH4 and N2O
emissions from manure management and have had a CH4 and N2O emissions
increase of 34% between 1990 and 2006 (EPA et al., 2006). In addition, pork
and poultry production currently consume over 75% of cereal and oil-seed
based on concentrate that is grown for livestock (Galloway et al., 2007).
Therefore, while ruminants consume 69% of animal feed overall, nonrumi-
nates consume 72% of all animal feed that is grown on arable land (Galloway
et al., 2007). Consequently, while enteric fermentation from nonruminants is
not a significant source of GHG, indirect emissions associated with cropland
dedicated to nonruminant livestock might be significant.

The types of LPSs utilized are typically based on socioeconomics,
tradition, and available resources. LLS states that extensive (i.e., grazing
animals) and intensive (i.e., animals are contained and feed is brought to
them) LPSs emit 5000 and 2100 Tg CO2-eq yr!1, respectively (FAO et al.,
2006). While these emissions numbers are not normalized to a per animal
unit scale, the type of production system utilized (i.e., landless vs grassland)
affects direct (i.e., from the animal) and indirect (i.e., emissions associated
with livestock) emissions quantitatively and qualitatively. For example, the
low animal density coupled with high land area utilized by extensive systems

Livestock units per square km
0
0–0.1

0.1–0.5
0.5–1

1–2.5 National boundaries
>2.5

Figure 4 Global estimates of aggregate distribution of pigs, poultry, cattle, and small
ruminants (FAO, 2006).

12 Maurice E. Pitesky et al.
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Clearing the air… 

•  LLS is a global assessment, should not be 
applied regionally 
•  US: 3.6% of GHG emissions 
•  Paraguay: ~50% 
•  Ethiopia: ~90% 

•  Transport was not analyzed with LCA 
method 
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New UN FAO report 

• 14.5% of global 
anthropogenic GHG 
• Regions with more 

modern, intensive 
production systems 
have lower GHG 
emissions per unit of 
beef 
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Less than 1% of solar energy is 
captured by photosynthesis 

What is missing from the ‘debate’? 
-Context. 

Cellulose 

Most abundant organic compound on the 
planet… yet, humans cannot digest it.  

US Beef production 
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Beef production and cow 
inventory 
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Produce same amount of beef 
with 30% fewer animals 

Historical context 

0% 20% 40% 60% 80% 100% 

2007 1977 Capper, 2011 JAS 89:4249-4261 
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Production efficiency: 
More with less 
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Production efficiency 
considerations 
•  Reproductive efficiency 

•  Animal health 

•  Genetics 

•  Nutrition 

•  Growth promoting technologies 

Photo Courtesy of Oklahoma State University 

Food insecurity - Global 

2012-14: 805 million people (1 in 9) world-wide were 
suffering from chronic hunger 

Food security has national 
security implications… Food insecurity - US 

Source: http://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/key-statistics-graphics.aspx#foodsecure 

Food waste 

Source: http://www.fao.org/save-food/resources/keyfindings/infographics/meat/en/ 

In US, 66.5 million 
tons of food wasted 

annually!! 

According to UN 
FAO, 1.3 billion tons 

of food wasted 
globally each year 

Beef sustainability 
challenges 

Photo Courtesy of Oklahoma State University 
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Public perception of 
intensive systems 

Photo Courtesy of Oklahoma State University 

Communication and 
engagement with the public 

Public concern and regulatory 
pressure regarding: 
•  CAFOs 
•  Animal welfare 
•  Food safety 
•  Use of technology 
•  Environmental impact 

Misinformation is a problem, but also we 
also have differences in values, interests, 

and lack of trust – more than just an 
“educate the public” issue 
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There is a need to revitalize the animal science 
research infrastructure (physical and human) 

“For research in sustainable 
intensification of animal 
agriculture to meet the 
challenges of future animal 
protein needs, it is necessary 
to effectively close the 
existing broad 
communication gap 
between the public, 
researchers, and the food 
industries.” 

Environment 

Economic 

Social 

Is about continuous improvement – all production 
systems can be “sustainable” 

Sara E. Place, PhD 
Assistant Professor 
Sustainable Beef Cattle Systems 
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