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• Context – why focus on methane?

• Overview of FAO report on Methane Emissions in Agriculture
• Methane sources and sinks

• Quantification of methane emissions

• Mitigation of methane emissions

• Metrics for quantifying impact of methane emissions

Summary



• 2nd largest contributor to global warming

Methane

IPCC (2021) AR6 WG1 SPM



• 2nd largest contributor to global warming

• Increasing atmospheric concentrations and warming contribution

Methane

IPCC (2021) AR6 WG, Chapter 7 Nisbet (2022), NOAA data





Methane

Janssens-Maenhout et al. (2017)



Methane and global temperature targets

IPCC (2021) AR6 WG SPM



Methane and global temperature targets

IPCC (2021) AR6 WG SPM



Methane and global climate policy

Paris Agreement (UNFCCC, 2015)



Methane and global climate policy

Paris Agreement (UNFCCC, 2015)



Methane and global climate policy

Global methane pledge

• Currently 121 participants countries
• Support from range of government, NGO and industry bodies



Methane and global climate policy

Global methane pledge



Methane and global climate policy

Global methane pledge



• Comprehensive report on agricultural methane
• Emissions

• Mitigation

• Metrics

• Technical Advisory Group of 50+ authors

• Began Summer 2021

• Draft being revised in response to public review, currently 292 pages

FAO report on Methane Emissions in Agriculture



• Sources
• Rumen methanogenesis

• Manure

• Soil

• Waste

• Anaerobic digestion

• Sinks
• Soil

1: Sources and sinks of methane emissions in agriculture



Rumen methanogenesis



Manure anaerobic digestion



Flooded rice soil emissions



• Atmospheric sink (90-96% of annual removals)
• Hydroxyl (OH) radicals

• Chlorine (Cl) radicals

• Soil methane sink
• Eubacterial methanotrophy

• Influenced my management:

• Decreases with nitrogen application and high stocking density

• Soil under trees typically associated with greater CH4 uptake

Methane sinks



• Measurement
• Animal-based

• Facility-based

• Soil

• Large-scale measurement and monitoring

• Estimation
• Bottom-up modelling

• Top-down approaches

2: Quantification of methane emissions



• List of techniques with comments on cost, applications, pros and cons. E.g:
• Respiration chambers

• Hood and/or headbox systems

• Tracers

• Gas sensor capsules

• In vitro techniques

• Open-path laser

• Unmanned aerial/ground vehicles

• Satellites

• Computer modelling

Summary of methane measurement techniques



• ‘Bottom-up’
• Identify sources within a given region / boundary and scale up

• Models may be empirical or mechanistic; stochastic or deterministic; static or dynamic

• Common use of empirical models: activity data x emission factors

• Different tiers incorporating more or less animal, dietary, and management data

• ‘Top-down’
• Observations of atmospheric methane and atmos. transport models

• Can be challenging/uncertain to assign to individual sources

• Complementary use of bottom-up and top-down methods can improve assessments

Estimation of methane emissions



• Mitigation of enteric fermentation methane

• Mitigation of animal manure-related methane emissions

• Mitigation of methane emissions from rice paddies

• Cross-cutting considerations

3: Mitigation of methane emissions



• Animal breeding and management:
• Increased production
• Lower methane generation
• Improved feed efficiency
• Improved animal health and reproduction

• Feed management: concentrate vs forage, digestibility, feed processing

• Dietary supplements
• lipids, ionophores, methane inhibitors, 3-Nitrooxypropanol (3-NOP), essential oils, seaweeds, tannins, 

saponins, biochar, microbials

• Immunisation against methanogens

• Protozoa defaunation

• Alternative electron acceptors

• Early-life interventions

Mitigation of enteric fermentation methane



• Biogas collection and utilisation

• Manure management:

• Cooler storage, acidification, methane inhibitors, decreased storage time, 
solid separation, composting and aeration, biofilters and scrubbers

• Manure incorporation and injection

• Manure application timing

• Animal nutrition strategies

Mitigation of manure methane



• Water management

• Organic amendments

• Fertiliser and other amendments

• Planting methods and crop management

• Rice breeding

• Reduced combustion of rice straw

Mitigation of rice methane



• Trade-offs (wider GHGs and other): need LCA

Cross-cutting issues for methane consideration



• Definitions and common metrics
• GWP

• GTP

• GWP*

• The use of emission metrics in impact and mitigation assessments

• Climate targets and related issues

4: Metrics for quantifying the impact of methane



GHG emission metrics

IPCC (2013) AR5, WG1 Chapter 8





GWP20 GWP100 GTP20 GTP100

Fossil CH4 82.5 29.8 54 7.5

Non-fossil CH4 79.7 27.0 52 4.7

N2O 273 273 297 233

GHG emission metrics

• Latest IPCC metric values (6th Assessment Report, 2021)



New metric concepts: ‘step-pulse’

• E.g. GWP*
• CO2-we(t) = GWP100 × (4.53 × CH4(t) - 4.25 × CH4(t-20))

• Also 

• Combined Global Warming Potential (CGWP)

• Combined Global Temperature change Potential (CGTP)

• (Both Collins et al, 2020)



Why ‘step-pulse’ emission metrics?

IPCC (2021) AR6, WG1 Chapter 7



Different framings of emission metrics

Adapted from Reisinger et al (2021)



GHG emission metrics: challenges

• What do you want to know?

• Relative difference in emitting vs not emitting

• Relative temperature change vs a baseline
• Present day

• Pre-industrial

• Purpose of metrics
• Cost-effective emission reduction

• Social cost of present-day emissions

• Overall temperature change contributions

• Physical requirements to meet a global temperature target



Anything controversial was my own opinion..!

Thank you!


