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Agriculture Contribution to World Greenhouse 
Gases (49 Gt total in 2004; 39 Gt in 1990)

• 6 Gt of greenhouse gases from nitrous oxide (N2O) & 
methane (NH4) (roughly half and half) – land fertilization, 
livestock, manure, rice, biomass burning 

• Agricultural expansion - bulk of land use change 8.5 Gt

• Energy use in agriculture – 1-2 Gt

• Total – 25%-35%

• By 2030 – 35-60% more nitrous oxide and 60% more methane

• Uncertainty! (IPCC 2007, in CO2 eq.)





Agriculture Mitigation Potential

• By 2030; 1.6 Gt at $20/t; 2.7 Gt at $50/t; 4.3 Gt at 
$100/t 

• IPCC 2007 Mitigation: “Global food demand may 
double by 2050, leading to intensified production 
practices (e.g., increasing use of nitrogen fertilizer) 
[and livestock]. . . . However, until 2030 only about 10% 
of the mitigation potential is related to CH4 and N2O. 
Deployment of new mitigation practices for livestock 
systems and fertilizer applications will be essential to 
prevent an increase in emissions from agriculture after 
2030.”



Mitigation Counts Same Land Many 
Times

• Land use change IPCC Baseline 
– Problem solved
– Terrestrial carbon sink – 9.5 Gt CO2/year during 1990s & 

mostly continues through 2050
Yet . . . 

• More cropland and pasture for food –200-500 million 
hectares by 2050

• Avoided deforestation potential – 4 Gt/year
• Afforestation mitigation potential – 4 Gt/year
• Restore peatlands – 1.3 gigatons/year

All from IPCC 2007 Mitigation Report, chapters 8 & 9



IPCC SRES Scenarios
Predicted Emissions from Land Use Change

Year B-1 B-2

2020 2.2 0

2050 -0.4 -0.2



IPCC 2007 Mitigation Report –
Estimated Greenhouse Gas Savings from Avoided Deforestation



Bioenergy

Large Potential – E.g., UNFCC 2008 ~ 500 EJ; IPCC 2007 (ch. 8) 
441 EJ (world energy today 500 EJ)

How? 
• Large % of potential arable land – IPCC 2007 chapter 8 

(based on Smith 2007) 1.3billion hectares and/or

• All forest growth in excess of harvest (Smeets 2008)and/or

• All “abandoned” cropland (Hoodwijk (2004) and/or

• Hundreds of millions of hectares of “grazing” or “other” 
land – savannah (Fischer 2001; Smith 2007)

Recounts existing forest, forest re-growth, net terrestrial 
carbon sink, land counted for grazing



Implied Yield Growth by 2020
Scenario 10.2% Transport Fuel(Etech 4)

Crop Biofuels, 
adjusted for by 

products

Non Biofuel
food demand

Biofuel and 
Non Biofuel

1996-2006 
Trend

Cereals 
(corn,wheat 0.8% 1.8% 2.6% 1.3%

Oilseeds 
(soy, rape) 0.9% 2.2% 3.2% 1.5%

Sugar (cane) 5.0% 0.6% 5.5% 0.8%

Palm 3.0% 3.9% 6.9% 1.9%



Natural Forest

Natural Forest 
(Melillo, Gurgel, et al. 2008)



Natural Forest (“Deforestation” Scenario)

Natural Forest



Feedstock Credit is Critical to Findings of 
Greenhouse Gas Benefits

Source of 
Fuel*

Making 
Feed­
stock

Refining 
Fuel

Vehicle 
Operation 
(Burning 

Fuel)

Net Land Use Effects 

% Change in 
Net GHGs vs. 

Gasoline

Land Credit 
Uptake from 
Atmosphere

(GREET) 

Land 
Use 

Change Total GHGs

+4 +15 +72 0 ï +92 ï

Corn Ethanol 
(GREET)

+24 +40 +71 -62
ï

+74 -20%

(+135
without 

feedstock 
credit)

(+47%
without 

feedstock 
credit)

Cellulosic 
Ethanol 
(GREET) +10 +9 +71 -62

+27
(+90 w/o 
feedstock 

credit

-70%
(-2% w/o 
feedstock 

credit

Greenhouse gasses (CO2) per mega joule of fuel 

Gasoline



Viewed as Opportunity Cost

Carbon Benefit
• 3 t/ha/yr – corn ethanol – GREET (incorporating by-product 

credit)
• 8.6 t/ha/yr – cellulosic ethanol – GREET (swtichgrass at 18 

t/ha/yr, 359 l/t)

Carbon Cost
• Fallow land - forest regeneration temperate,  7.5-12 t/ha/yr
• Forest regeneration tropical – 20+ t/ha/yr
• Existing forest (lose 600-1000 tons)  15-35 t/ha/yr (over 30 

years)
• Existing grassland/savannah (lose 75-300 tons), 2.5-10 t/ha/yr 

(over 30 years) plus lost forage



Can we limit LUC for food alone?

Optimism

• Still big yield gaps

• Much food waste

• Biotechnology

• Livestock intensification 
potential

Pessimism 

• Declining trend lines

• Declining growth of harvest 
index

• Irrigation limits

• Climate change (high 
temperature; declining 
snowpack)

• Improved knowledge for 
tropical forest agriculture

• Population?
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Land Use Lessons

• Land is tight

• Must evaluate opportunities

• No surplus for bioenergy

• Yields, livestock efficiency & waste important

• Diet choices & population important



Opportunities/Breakthroughs? 

• Perennial crops (with pretreatment)

• Biochar

• Cover crops

• Chicken/tilapia v. beef

• Grassland improvement


