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Sustainable intensification is the current paradigm 
for agricultural development



Claims to mitigation: increase GHG emissions 
efficiency and sparing of high C ecosystems
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Can intensification also help meet hard climate 
goals? 

Meet future food needs and
achieve climate policy
targets in agriculture such as
2 °C? 

• Reduce the GHG emissions of 
production

• Avoid conversion of carbon-rich 
forests, grasslands and 
peatlands



Agricultural baseline to 2050
FAO global perspective studies  (Alexandratos and 
Bruinsma 2012) 
146 countries, 34 crops
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Yield increases 
73%

6%  
Cropping 
intensity 

Expected sources of growth in crop production (%) 
2005/7 to 2050

Arable 
land 

expansion

Increases 
in 

cropping 
intensity

Yield 
increases

Developing
countries

21 6 73

World 10 10 80

Area 
expansion
21%

Scenario of intensification
Developing countries 

Adapted from Bruinsma 2009 FAO



Projected emissions for the FAO agriculture 
baseline
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Calculating emissions for a 2°C aspirational target

2030 emissions reflect assumptions of 
each pathway

RCP Scenarios:

• RCP2.6 represents 
2.6 W/m2 radiative forcing in  
2100, ~450 ppm CO2e

• Limits warming to 0.3 to 
1.7 °C during 2081 - 2100

• Contrast to the RCP 8.5, 
representing 8.5 W/m2 , 1370 
ppm CO2e,  ~4.9 °C 



Target emissions compared against baselines: 
Mitigation needed in 2030
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I.  Business-as-usual intensification 
will not achieve the mitigation    
needed in the agriculture 
sector by 2030



How much can mitigation practices contribute to 
the 2 °C policy target? 



Selected mitigation 
practices compatible 
with food production
• Cropland management
• Grazing land management
• Livestock 

Not
• Rewetting peatlands
• Cropland set aside

IPCC AR5 Table 11.2



Calculated mitigation with global 
data sets

1. Bottom-up technology-by-technology estimates 
(Smith 2007, 2008, University of Aberdeen, 
IPCC) $20 tCO2

2. Production efficiency gains (trade and location, 
production system) using integrated assessment 
modeling (Havlík 2014, IIASA) $20, $50 tCO2

3. Bottom-up agroforestry (Neufeldt 2014, ICRAF)



How close to the 2°C goal can we get?

Source: * Smith et al. 2008, 2013 ($20/t CO2e)
** Havlik et al. 2014 *** Neufeldt 2014 (no C price)

Gt CO2e/yr in 2030

0 0,2 0,4 0,6 0,8 1 1,2 1,4 1,6

Agroforestry (AGB) 25% above BAU ***

Efficiency, $50/tCO2 **

Efficiency, $20/tCO2 **

Technology adoption (25%) less C seq *

Technology adoption (25% econ pot) *

Technology adoption (100% econ pot)  *

1 Gt CO2e
mitigation 
needed for 
2°C



II. Plausible interventions will
achieve only 10-40% of   
mitigation needed in 
agriculture by 2030



Will future food needs and intensification increase 
deforestation? 

In theory, plenty of land:

~81-147 Mha cropland needed by 2030  
~445-598 Mha will be available

But global “cropland availability” is no guarantee of local 
availability or avoided deforestation 

Location matters and trade-offs already occur: 
- Remaining land mostly: Brazil, Argentina, DRC, 

Mozambique, Russia
- Agriculture is already a primary driver of deforestation
- Environmental governance needed



73% of deforestation due 
to agriculture, e.g. oil palm
(Hosonuma 2012)
~4.7 Mha/yr
~ 4.32 Gt CO2e/yr

3.69 billion ha forest globally in 2005
Avoiding 25% of 
forest emissions 
(1.08 Gt CO2e/yr) 
due to agriculture 
would require 
conserving ~1.2 
Mha/yr globally 
in threatened 
forest areas

160Mha by 2030

Meeting climate targets therefore requires 
location-specific interventions

6.4 Mha
deforested/yr
(2000-2005) 



III. Significant mitigation can be   
achieved by reducing 
conversion of forest to 
agriculture, but requires     
location-specific interventions



Conclusion

• Preliminary calculations indicate an
aspirational sectoral target of ~1 GtCO2e/y. 
by 2030.

• Business-as-usual and low emissions intensification 
won’t be enough to meet this goal.

• Massive innovation and scale needed



Is more radical mitigation possible? 

• Build on current options: combinations of 
strategies, more efficient structural changes in 
production, more effective governance of forests

• Invest in promising innovations: e.g., biomass 
carbon capture & sequestration, reduced-methane 
ruminants, crops with biological nitrification 
inhibitors

• Explore mitigation from dietary shifts and reducing 
waste


