
 
 
 
 

 
 
 

 
 
 
 
  

 

Livestock and climate change: Friend 
or Foe? 

Andy Jarvis, CCAFS 



The 
Challenge 



In order to meet 
global demands, 

we will need 
 

60-70%  
more food  

by 2050. 

Food security is at risk 

Presenter
Presentation Notes
Why focus on Food securityAnd climate change has to be set in the context of growing populations and changing diets60-70% more food will be needed by 2050 because of population growth and changing diets – and this is in a context where climate change will make agriculture more difficult.



 



Livestock products: Developing countries are 
hungry for more. 

•Growth in animal product 
consumption has increased 
more than any other 
commodity group.1 

•Greatest increases in S and 
SE Asia, Latin America. 

-Overall meat 
consumption in China 
has quadrupled since 
1980 to 119 
lbs/person/yr. 2 

•Economic and population 
growth, rising per capita 
incomes, urbanization Photo by: CGIAR 



•Between 1961 and 2005 milk consumption in developing countries 
doubled, meat consumption tripled, and egg consumption increased by 
a factor of five. 1 

2 Livestock consumption patterns  



Changing consumption of meat in relation to gross national income (GNI) 
per capita (1961-2007) 

Source:  FAOSTAT and World Bank in Foresight. 2011. “The Future of Food and Farming.” 
Government Office for Science, London. 
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3 Livestock consumption patterns  

Past and projected consumption of livestock products 

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

•As incomes grow, expenditure 
on livestock products increases 
rapidly .3 

-GDP growth in E Asia 
from 1991-2001 was 7% 
per year, compared to 
2.3% in other developing 
countries  and 1.8% in 
developed countries. 

•Consumption is leveling off in 
developed countries, but more 
than doubled since 1980 in 
developing countries (from 31 
lbs. to 62 lbs. in 2002).  

-Rapid growth led by 
China, India, & Brazil 
projected to continue. 

 
 



Change in ruminant numbers from 2000 to 2030 and total 
annual GHG emissions from agriculture and land use 

change over the period 2010–2030 

Havlík P et al. PNAS 2014;111:3709-3714 

©2014 by National Academy of Sciences 
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Change in ruminant numbers from 2000 to 2030 and total annual GHG emissions from agriculture and land use change over the period 2010–2030 globally and by region for the fixed system scenario (FIX), the dynamic production system scenario (DYN), and the mitigation scenario with dynamic production systems and a carbon price of US$10 per tCO2e applied to emissions from both agricultural and land-use change sectors (M-ALL). y-axis scales are the same in all graphs. TLU, tropical livestock unit (i.e., an adult animal of 250 kg weight).



Source: Erb et al. (2007) 

•30-45% of earth’s terrestrial surface is pasture 

- 80% of all agricultural land 

•1/3 arable land used for feed crop production 

•70% of previously forested land in the Amazon = pasture 

3 Livestock and GHG  



Land requirements for food  
depend on three factors:  

1) Population numbers 
2) Type of diet 

3) Food output per unit land  

Kastner et al. 2012 

•Developed countries: high-energy diets, but 
low pop. growth, high output efficiency. 

•Developing countries: low-energy diets, offset 
by high pop. growth, low efficiency. 

Will dietary change override population growth as the major driver behind land 
requirements? 



Results 
Latin America 

Loss detections 
 Jan 2004 

Oct 2012 
 



African livelihoods continue to depend on 
livestock. 

 

•E Africa: 40-50% meat comes from pastoral 
systems, but transitioning to mixed crop-livestock 

•Concentrated in arid/semi-arid zones 

•Use of animals for draft power has increased over 
most of Africa: from 350,000 to 2 million oxen in the 
past 50 yrs in W Africa alone 

 

 

 

 

Source: FAO 2011 

Photo by: Neil Palmer 



Feeding Sub-Saharan Africa in 2050: 
Population growth from 856 million in 2010 to  

1.96 billion (medium estimate UN)  
Region today consumes 9% of world calories but will consume 31% of 

projected calorie growth to 2050 

Current 2050 - Current 
consumption and 
% of Imports 
 

2050 - FAO  projection 
& self-sufficient 
production (2830 kcal) 

Cropland needed at 
current yields for domestic 
food consumption 
(hectares) 
 

154 million 357 million 488 million  

Cereal yield needed to 
avoid new land clearing 

1.23 t/ha 2.81 t/ha  4.33 t/ha 



•Demand for livestock products in Sub-Saharan Africa projected to double, 
from 200 kcal/person/day in 2000 to 400 kcal/person/day in 2050.7 

-Population growth a huge factor 

•Estimated to contribute 30% to Africa’s agricultural GDP in 2003 

•Africa is a growing net import region (US $2,258 million in 2003) 

Source: FAO 2005 

Net trade in livestock products in Africa 

2 Africa and livestock 



Photo by: ILRI 

Rwanda’s “One Cow per Poor Family” Program (Girinka) demonstrates power of 
livestock to alleviate poverty. 

•Family either receives donation of cow or bank loan to buy one.  
•Calf is shared with other members of community 

3 Africa and livestock 

RESULTS: 

•Reduced malnutrition 
risk 

•Income from sale of 
milk and offspring 

•Manure for croplands 

•Community solidarity 



The concentration of 
GHGs is rising 

Long-term implications 
 for the climate and for 

crop/livestock productivity 



No matter what, change is upon us 

 



Global wheat and maize yields: response to warming 

Challinor et al. (submitted) 
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Not massively different to AR4Lots of site sampling is the reason for the spread here – ie our nice lab / controlled responses to temperature become more complicated in the real worldThis is if we know what the local temperature change will be  - which we don’t: next slide



Projections are consistent with 
climate-induced historical trends 

AR5 Chap 7 

“Climate change has negatively 
impacted wheat and maize yields for 
many regions and in the global 
aggregate (medium confidence)”  
[SPM page 7] 
 
“For the major crops (wheat, rice and 
maize) in tropical and temperate 
regions, climate change without 
adaptation is projected to negatively 
impact food production for local 
temperature increases of 2°C or more 
above late-20th-century levels, although 
individual locations may benefit 
(medium confidence)” 
[SPM page 17] 
 
 
 

Presenter
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AR4 mainly looked at future risks, but we have also looked at what is already happening, and draw some strong conclusions that net effects for some crops are already negative - and consistent with our projectionsThis is mean impacts again – 2 deg/decade is an averageIe 2 deg conservative SPM point. Is climate change affecting crop yields yet, or is it yet to come?!



Food price volatility 

Presenter
Presentation Notes
New relationships between anomalies and food prices, since AR4. Inc stronger r(oil,FPI)Food prices respon to increased demand, e.g. biofuels (policy and oil-price driven)But also a role for prodn, with recent spikes following production anomaliesAR4 to scale - this is something we didn’t see coming.Econ models haven’t even got going by the current level of warming – 0.5-1 degrees. Even at 5 degrees they are way out.(We didn’t’ produce any price graphs in IPCC2013…)



Livestock messages from the AR5: What we know 

• Prior conclusions confirmed (like crops): more evidence, higher 
confidence 
 

• Only limited, semi-robust  evidence (unlike crops) for impacts on 
livestock systems already: livestock disease, disease vectors 
 

• For future impacts, widespread negative impacts on forage quality 
at both high and low latitudes  impacts on livestock productivity, 
production, incomes, food security 
 

• Robust evidence for negative effects of increased temperature on 
feed intake, reproduction, performance across all livestock species 



Livestock messages from the AR5: What we don’t know 

Impacts of increasing climate variability on downside risk, stability of 
livestock production, human well-being, have not been robustly 
elucidated 
 
Summaries of impacts on livestock systems with / without adaptation 
still not available 
 
Many adaptation options possible in livestock systems tailored to loca  
conditions (like cropping, fishery systems), but…. 
 
Costs, benefits (social, private) of adaptations unknown, though: 

• Substantial benefit, particularly if implemented in combination 
• Benefits in managing crop-livestock interactions in mixed system  



Livestock systems face a number of climate 
change related challenges. 

 
•Disease and pest distributions 
•Quantity, quality, and composition of 
feed 
•Increased cost of housing and feed 
•Water availability and quality 
•Decreased productivity due to heat 
stress 
•Impaired reproduction/increased 
mortality 

Livestock production system in areas 
projected to undergo over 20 per cent 

reduction in Length of Growing Period to 
2050  

Source: ILRI 
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Herd evolution in Kenyan rangelands under two scenarios of 
climate variability: (1) a drought once every five years, and (2) 
a drought once every three years 

Thornton & Herrero, 2010 

Adult  females, 1 in 3 

Adult  females, 1 in 5 

Total #,1 in 3 

Total  #,1 in 5 



 

Message 1: 
In the coming decades, climate change 
and other global trends will endanger 

agriculture, livestock, food security, and 
rural livelihoods. 



Emissions? 



Agriculture responsible 
for 19-29%  
Part of the problem, 
natural source for 
solutions too 
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•Livestock alone is 10-18%3 of all global 
anthropogenic GHG 

-Other estimates as high as 51%4,5 

•Range arises from methodological differences 
-Inventories vs. life cycle assessments, Attribution of land use to livestock, 
Omissions, misallocations 

2 Livestock and GHG  

Source: de Vries and de Boer (2009) 

Range of GHG intensities for livestock commodities 

•Highest variation occurs for 
beef, due to variety of 
production systems. 

•Ruminants require more 
fossil energy use, emit more 
CH4 per animal.6 



Feed-use efficiencies per kilogram of protein from (A) cattle meat and (B) cattle milk by 
production system and region. 

Herrero M et al. PNAS 2013;110:20888-20893 

©2013 by National Academy of Sciences 
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Feed-use efficiencies per kilogram of protein from (A) cattle meat and (B) cattle milk by production system and region.



(A) Non-CO2 GHG emissions from global ruminant livestock (cattle, sheep, and goats) by 
production system and region.  

Herrero M et al. PNAS 2013;110:20888-20893 
©2013 by National Academy of Sciences 

Total emissions or emissions per unit 
product (emissions intensity)? 

Presenter
Presentation Notes
(A) Non-CO2 GHG emissions from global ruminant livestock (cattle, sheep, and goats) by production system and region. (B) Spatial distribution of non-CO2 greenhouse emissions from ruminants (kg CO2 eq kilogram edible animal protein). The relationship between the diet quality of ruminants [ME (MJ)/kg DM] and the non CO2 greenhouse gas emission intensity for edible animal protein (kg CO2 eq per kilogram edible animal protein) from ruminant milk (C) and meat (D).



Source: ILRI Smith P et al. Phil. Trans. R. Soc. B 363:789-813 (2008) 

B1 scenario shown though the pattern is similar for all SRES scenarios 



2013 

What is Climate Smart Agriculture? 

Sustainable livestock 
and climate smart 
agriculture essentially 
speaking the same 
language 

http://www.ccafs.cgiar.org


CSA options for livestock 

livestock 

High-quality diets that 
increase conversion 

efficiency and reduce 
emissions 

Herd management e.g. 
sale or slaughter at 

different ages 

Changing patterns of 
pastoralism and use of 

water points 

Livestock diversification 
and “climate-ready” 
species and breeds 

Improved 
pasture 

management 

Use of human 
food waste for 
pigs & chickens 



Silvopastoral systems: 
A mini-revolution in 
Colombia and Central 

America 
Piedemonte llanero 

Estado inicial: Julio 17, 2007 

Agosto 15, 2008 

13 meses 

Octubre 22, 2008 

15 meses 



Fuente: Rincón, 2013 
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Message 2: 
Livestock emissions are significant, 

opportunities for addressing them are 
even greater in the livestock sector 



 
LEDS Colombia (MADS, DNP, MADR, IDEAM) is the main national framework in which 

the mitigation of climate change encounters agriculture 
 

PROBLEM 

38% 

Agricultural 
participation in total 
annual emission 
 

MADR-CIAT 

More efficient land 
use 
More efficient cattle 
system 
More area available 
for agriculture and 
natural vegetation 
 
Alternatives: Improve 
pasture, silvopastoral 
systems and fruit crops 

Expected outcomes 

NAMAS 
Ecosystem 
services payment 
schemes 



Government policies increasing agricultural 
land-area especially in perennials 



…and increasing livestock production, but 
on less land 



Alternatives detected by LEDS 
Colombia  

Agricultural sector with real interest in mitigation, and large opportunities 
 
Primary entry point through land-use – an actual case of a land sparing national policy!  
Both government and producer organizations aligned in strategy: 

• Livestock from 40 mHa to 30 mHa 
• Croplands to increase by 3 mHa 

 
Together with MinAgriculture we are looking currently at 3 NAMA strategies: 

• Reconversion of degraded pastures into high carbon, high value farming (fruits) 
• Pasture intensification to increase emissions efficiency over large areas of 

unproductive pastures 
• Intensive silvopastoral systems in high potential areas to boost productivity and 

generate huge environmental benefits 



Sistemas Silvopastoriles 



Land Use for Cattle Systems 

USO PRINCIPAL HECTAREAS 
Pastoreo intensivo de clima 
cálido  PINc            53,982  
Pastoreo intensivo de clima 
medio  PINm 

              
3,198.00  

Pastoreo intensivo de clima frío  PINf  6,976.00  
Pastoreo semi intensivo de 
clima cálido PSIc      1,513,550 
Pastoreo semi intensivo de 
clima medio PSIm 

                    
38.65  

Pastoreo semi intensivo de 
clima frío PSIf               8,388  
Pastoreo extensivo de clima 
cálido  PEXc      4,427,363  
Pastoreo extensivo de clima 
medio  PEXm            31,102  
Pastoreo extensivo de clima frío  PEXf               8,337  
Silvopastoril      SPA      9,101,192  
Total    15,154,126  

Fuente: IGAC 



Resultados Preliminares 
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Potential Silvopastoral Areas 

Fuente: CIAT & CIPAV 

Optimas: 5.2 Millones de 
ha  
 
Work in progress to 
develop detailed NAMA for 
silvo-pastoral system, but 
benefits appear to be very 
high 



Pastures in Colombia 

Fuente: IGAC 

30.000.000 ha in 
pastures  
 
8.000.000 ha in 
fallow 



Pastures with problems 
associated with their current use  

16.000.000 ha 
in pastures 

Fuente: IGAC 



1.542.000 ha 

Area with mango feasibility 
 

Fuente: CIAT & IGAC 



Area with fruit feasibility 
 

Avocado, mango 
and citric 
7.874.000  ha 

Fuente: CIAT & IGAC 



Municipalities  with identified 
potential 

Together with supply chain actors and producer organisations 
municipalities with potential for expanding cultivated area have 
been identified.  
 
 

 
 
 
 
 
 

 

Crop Area 

Avocado Lorena 68.000 ha 

Avocado Hass 170.400 ha 

Mango 124.200 ha 

Citric 29.000 ha 

Total 391.600 ha 



Indicators  Avocado Mango Total 

Potential area (ha) 238.400 124.200 362.600 

Total investment (Millions USD$) 711  308  1,019  

O&M (Millions USD$) 3,380  1,597  4,977  

Carbon capture(Millions de ton) (18) (59) (77) 

Investment by ton C (USD$/ton)  (39) (5)   

Total cost per ton (USD$/ton)  (226) (32)   

% of the investment (USD$6.7/ton) 17% 128%   

Annual sequestration = 3.8% of 
annual emissions of the sector. 



Friend or Foe? 

• Multiple drivers, multiple pressures: 
population change, consumption 
patterns, technological change, AND 
climate change 

• Livestock is a major source of emissions 
globally, projected to increase 
significantly 

• Sustainable livestock is a friend: in terms 
of the opportunity, it is greatest in 
livestock: 

• Massive inefficiencies begging to be 
resolved (win-wins) 

• Important livelihood benefits 
• Global food security benefits 

 



www.ccafs.cgiar.org 
Twitter: @cgiarclimat 
a.jarvis@cgiar.org 

mailto:a.jarvis@cgiar.org
http://www.ccafs.cgiar.org

	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	Slide Number 5
	Slide Number 6
	Slide Number 7
	Slide Number 8
	Slide Number 9
	Slide Number 10
	Slide Number 11
	Slide Number 12
	Slide Number 13
	Feeding Sub-Saharan Africa in 2050:�Population growth from 856 million in 2010 to �1.96 billion (medium estimate UN) �Region today consumes 9% of world calories but will consume 31% of projected calorie growth to 2050
	Slide Number 15
	Slide Number 16
	Slide Number 17
	No matter what, change is upon us
	Slide Number 19
	Slide Number 20
	Food price volatility
	Slide Number 22
	Slide Number 23
	Slide Number 24
	Slide Number 26
	Slide Number 29
	Emissions?
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	CSA options for livestock
	Silvopastoral systems:�A mini-revolution in Colombia and Central America�Piedemonte llanero
	Slide Number 39
	Slide Number 40
	Slide Number 42
	Government policies increasing agricultural land-area especially in perennials
	…and increasing livestock production, but on less land
	Slide Number 45
	Slide Number 46
	Slide Number 47
	Slide Number 49
	Slide Number 50
	Slide Number 51
	Slide Number 52
	Slide Number 53
	Slide Number 55
	Slide Number 56
	Slide Number 58
	Slide Number 61
	Slide Number 62

