
Potential options for mitigation of 
climate change from agriculture

Agustin del Prado 
agustin.delprado@bc3research.org



2

How does agriculture contribute to GHG emissions

Carbon dioxide (CO2) Methane (CH4) Nitrous oxide (N2O)

• Decomposition of soil 
organic matter

• Plant biomass burning
• Burning of fossil fuels

• Bacterial processes in 
anaerobic conditions (rice 
cultivation, enteric, 
manures, crop residues)

• Bacterial processes in 
semi-anaerobic conditions 
(nitrification and 
denitrification): e.g. after 
fertilisation, grazing, 
manure…

• Indirect emissions from 
Nitrate leaching and NH3
volatilisation

21 times  warmer 
than  CO2 (100yrs)

310 times  warmer 
than  CO2 (100yrs)
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Quantification of GHG in agriculture is not easy
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How much agriculture does contribute to GHG emissions?



Trends of GHG from agriculture since 1990
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Developing regions 
(Non-Annex I)

Developed regions
(Annex I)

N2O manure
N2O soils
N2O burning
CH4 rice
CH4 manure
CH4 enteric
CH4 Burning

+32% -15%
1990-2005 1990-2005
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How can agriculture mitigate GHG emissions?

• Reducing emissions
• Enhancing removals
• Avoiding (or displacing emissions)
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How can agriculture mitigate GHG emissions?

Cropland management
examples

-Rotations with legume crops (legume systems fix N from atmosphere) 

grass Clover (legume)+grass

fertilizer

N2

-Improving nitrogen use efficiency (fertilizing better)
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How can agriculture mitigate GHG emissions?

Cropland management
-Improving soil carbon sequestration

Bellarby et al. (2013)
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How can agriculture mitigate GHG emissions?

Livestock and manure management

http://www.fao.org/docrep/018/i3288e/i3288e.pdf
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How can agriculture mitigate GHG emissions?

Bioenergy
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How can agriculture mitigate GHG emissions?

Bioenergy
Biomass as energy feedstock produced in agricultural land may cause indirect
emissions reductions of up to 1,260 MtCO2-e/yr by 2030 (at $ 20/t CO2e)

Associated impacts: competition with other land  and water uses, 
environmental impacts (C-debt), implications for food security



The carbon debt
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GHG savings by using the biofuel instead of a traditional fossil fuel (GHGsavings). 
GHG released during the production of the crop (GHGcrop). 

Carbon debt (years)= GHGcrop / GHGsavings

For example, if biofuel from a crop of soybeans would reduce carbon emissions by 1 
ton each year, but the production of the biofuel would release 10 tons of carbon 
emissions, the biofuel's carbon debt would be 10 years.



Example: energy and GHG from bioenergy crops
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Fargione et al. (2008) Science

Converting land to produce food
crop-based biofuels creates a large
“biofuel C debt” by releasing 17-420
times more CO2 than the GHG reduction
they provide displacing fossil fuels
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How can agriculture mitigate GHG emissions?

The main findings of the IPCC AR4 assessment 

Carbon price 
($/tCO2-e)

Mitigation potential  (average)
(Gt CO2-e/yr)

20 1.6

50 2.7

100 4.4

Emissions in 2030 8.2

Main potential: 
C sequestration
in cropland/grassland

11-17% of total 
mitigation potential
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How can agriculture mitigate GHG emissions?

The Kyoto Protocol does not consider this potential

• 70% of mitigation potential is in developing countries 
(non-Annex-1)
• Cropland/grassland management is not selected under Art 3.4
• C leakage?
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Some limitations of the IPCC AR4 assessment 

How can agriculture mitigate GHG emissions?

• Mitigation potential for livestock may have been underestimated (unit of reference)
• Uncertainties remain very high
• Synergies/trade-offs between mitigation options may have not been captured 

-Measures applied in
combination may have
interactions amongst
each other.

Mitigation measures introduced singly (1) or in combination (2, 3, 4 and 5)

from del Prado K-N presentation at GGAA2013
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Barriers of implementation of GHg mitigation measures

• Permanence (e.g. soil C sequestration)
• Additionality
• Uncertainty
• Leakage
• Require policy/incentives
• Social, educational, economic

Read: Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H., Kumar, P., 
& Towprayoon, S. (2007). Policy and technological constraints to implementation 
of greenhouse gas mitigation options in agriculture. 
Agriculture, Ecosystems & Environment, 118(1), 6-28.
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Policies
• In Europe climate policies are not affecting GHG emissions from agriculture
• Agricultural GHG offsets can be encouraged by market-based trading 

schemes
• Many non-climate policies have an indirect effect on GHG from agriculture: 

e.g. CAP, Biodiversity  UN convention, Nitrate Directive, biofuels.
• Adaptation and mitigation must be considered together 

(and other synergies/trade-offs)
• Policies that encourage sustainable development will make mitigation easier 

in developing countries

Read: e.g. Smith, P., Martino, D., Cai, Z., Gwary, D., Janzen, H., Kumar, P., 
& Towprayoon, S. (2007). Policy and technological constraints to implementation 
of greenhouse gas mitigation options in agriculture. 
Agriculture, Ecosystems & Environment, 118(1), 6-28.



Climate-smart Agriculture
Agriculture that sustainably:
 increases productivity
 increases resilience (adaptation)
 reduces/removes GHGs
AND
 enhances achievement of national food security and development goals
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How does FOOD PRODUCTION contribute to GHG emissions?
• Agricultural production
• Manufacturing fertiliser
• Refrigeration
• Indirect emissions from

land use changes and
deforestation

Vermeulen et al. (2012)
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How does FOOD PRODUCTION contribute to GHG emissions?

Vermeulen et al. (2012)

Pre-production

Post-production

Production

MtCO2-e=12,095 ± 2898 
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Nitrogen loss in food waste at consumption

Grizzetti et al. (2013)
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How can we reduce GHG emissions from food production?

Some important facts:

• 1/3 of the food produced in the world for human consumption gets lost or wasted.
• Consumers in rich countries waste almost as much food (222 million t) as the 
net food production of sub-Saharan Africa (230 million t).
• The amount of food lost or wasted every year is equivalent to more than half of the 
world's annual cereals crop (2.3 billion t in 2009/2010).
• In developing countries food waste and losses occur mainly at early stages of the 
food value chain 
• In the USA 30% of all food, worth US$48.3 billion (€32.5 billion), is thrown away 
each year. 
• It is estimated that about half of the water used to produce this food also goes to waste
• It is estimated that 20% of food products (8-12.5% of livestock products) go to waste in 
developed countries. GHGs mitigation potential: 39-79 Mt CO2eq (Bellarby et al., 2013).
• Protein intake in the EU is 70% higher than the levels recommended by the WHO 
(Bellarby et al., 2013).

Sources: 
Global Food Losses and Food Waste - FAO, 2011
The environmental crisis: The environment’s role in averting future food crisis – UNEP, 2009
Bellarby J., Tirado R., Leip A., Weiss F., Lesschen J.P. and Smith P. (2013) Livestock greenhouse gas emissions and 
mitigation potential in Europe. Global Change Biology 19 (1), 3-18.
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How can we reduce GHG emissions from food production?
(for EU-27)

Bellarby et al., 2013
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How can we reduce GHG emissions from food production?

• Human diet changes (consumption)
• Reducing losses in the food chain
(production, retailers, consumption)
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Key messages

• Agriculture and food production are large contributors 
to the overall GHG

• Large uncertainties associated to both estimates and 
mitigation potential

• Cropland management has large mitigation potential 
for agriculture

• Avoiding food waste and diet change are the best 
measures to reduce GHG from the entire food chain.

• There are still many barriers to fully implement 
successful GHG mitigation (e.g policies).
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