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MODELLING OF 
GREENHOUSE 
GAS EMISSIONS 
MANAGEMENT IN 
FARMING SYSTEMS

Whole farm systems analysis 

of greenhouse gas abatement 

options for the Australian 

grazing industries 

Background

Livestock production contributes 

signifi cantly to the Australian economy, but 

it is also a major source of greenhouse gas 

emissions. The Carbon Farming Initiative 

(CFI) offers farmers fi nancial incentives 

to reduce greenhouse gas emissions and 

store carbon. However, to be eligible for 

credits under the CFI, each sequestration 

and emissions reduction activity must be 

covered by an approved methodology.

The biophysical and economic data 

needed for CFI methodology development 

are dependent on a complex set of 

interactions at a farm system level. Whole 

farm systems analysis is the only realistic 

way to fully account for these interactions 

and simulate the outcomes on farm 

emissions, profi tability and productivity. 
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Project outline

The project is made up of a number of separate 

modelling studies focused on the following areas. 

CARBON SEQUESTRATION 

Researchers are modelling two methods of 

sequestering carbon in farm land: permanent 

environmental plantings of native species, 

and conversion of cropping land to permanent 

pasture. The former study will quantify the impact 

on dairy and prime lamb systems of taking land 

out of production to plant trees, while the latter 

will explore the net emissions and costs of a 

crop-to-pasture conversion. 

IMPROVEMENTS IN SYSTEM EFFICIENCY

Strategies being modelled as a means 

of reducing emissions intensity and overall 

emissions from livestock systems include earlier 

mating and improved fertility in northern beef 

herds; increased ewe fecundity in self-replacing 

prime lamb systems; and increased ewe 

longevity (and therefore lifetime production 

of wool and offspring) in wool enterprises. 

Researchers are also investigating effi ciency 

improvements for dairy systems, including 

changing from annual calving to extended 

lactation; increasing milking frequency; and 

improving nitrogen use effi ciency through 

breeding or dietary changes.
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Research approach 

Researchers are using whole farm systems 

analysis to evaluate options for reducing 

methane and nitrous oxide emissions, and 

increasing carbon storage in the landscape. 

Abatement strategies are being explored in 

the areas of herd and breeding management, 

diet manipulation, changes in feed base, and 

carbon sequestration in trees and soil. 

The research is based on a series of models 

and tools that simulate dairy, sheep and 

beef grazing systems across Australia. These 

tools consider all carbon and nitrogen sources 

and sinks, the productivity and profi tability 

impacts of abatement strategies, and their 

interactions. This ensures that an activity 

targeting one process does not result in 

increased emissions or loss of soil carbon 

elsewhere in the farm system, or impact 

adversely on the farm business.

Researchers are also examining management 

strategies that improve adaptive capacity 

or reduce emissions per unit of product 

(emissions intensity). Although CFI carbon 

offsets are only credited for total farm 

emissions reduction, emission intensity is 

an important indicator of production effi ciency 

relative to the emissions generated. Reducing 

emissions intensity can improve profi tability 

and sustainability of production systems, 

thus better positioning grazing industries 

in a changing climate and a carbon 

constrained future.

The outcomes from the project will be a series 

of biophysically and economically evaluated 

options that will enable development of CFI 

methodologies, reductions in farm emissions 

intensity or improvements in farm profi tability.



DIETARY INTERVENTIONS 

Several means of reducing animal emissions 

via feed supplements are being explored, 

including feeding dietary oils, nitrates, tannins 

and novel pasture species.

DECISION SUPPORT TOOLS

The research team have led the development 

of a Dairy Greenhouse Gas Abatement 

Strategies calculator, and a series of Greenhouse 

Accounting Frameworks that enable users to 

calculate emissions from various production 

systems. 

The team is currently developing enterprise-

specifi c spreadsheet-based Carbon Offset 

Scenario Tools (COST) that use Australian 

inventory methodologies to estimate carbon 

dioxide, methane and nitrous oxide emissions. 

The key assumptions from each modelling 

study are identifi ed and summarised in 

the COSTs, which allow users to evaluate 

(in comparison to a baseline farm) the net 

emissions, emissions intensity and productivity 

implications of implementing various strategies 

in their production system.

ENHANCEMENTS IN MODELLING CAPACITY

The research team are working with other 

modelling research teams to coordinate the 

development of models and tools, and model 

new abatement options emerging from the 

research. One-on-one training and workshops 

led by the research team will continue to 

enhance modelling capacity across the 

livestock industries.
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Next steps

Future modelling studies will evaluate new abatement options developed 

through the National Livestock Methane Program and National Agricultural 

Nitrous Oxide Research Program. 
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