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 Grasslands as a Carbon Store

Grasslands are the most extensive 
terrestrial ecosystems on Earth – 
naturally covering 30–40% of the Earth’s 
land-based habitats. In addition to 
providing forage for animal production, 
grasslands deliver a variety of other 
ecosystem services that are critical to 
human welfare. These benefits include 
the capture and storage of atmospheric 
carbon, making grasslands an 
important nature-based solution in the 
fight against climate change. 

In fact, grasslands have been 
surprisingly effective at carbon 
sequestration, with estimates 
suggesting that worldwide, these 
ecosystems hold around 30% of global 
terrestrial carbon stocks. ‘There is a 
consistent lack of appreciation and 
recognition for the value of grassland 
ecosystems in terms of the vast global 
carbon storehouse they represent,’ 
says Dr Mark Boyce, a researcher at 
the University of Alberta. ‘In southern 
Alberta and other parts of the Great 
Plains, grasslands are much more 
important than forests for carbon 
sequestration and storage.’ 

More than 19 million hectares across 
Canada’s three Prairie Provinces are 
used for grazing beef cattle. While over-
grazing has broadly been recognised 
as being detrimental to ecosystem 
services in North America, the condition 
of rangelands has actually been steadily 
improving in recent years, and fewer 
rangelands are now over-grazed. 
Despite this, livestock production is 
often regarded as being detrimental to 
the health of these ecosystems. 

However, Dr Boyce points out that many 
of Canada’s prairie grasslands actually 
evolved with similar disturbances, 
such as grazing by wild bison, so the 
vegetation is adapted to herbivory. In 
addition, cattle production on Canada’s 
prairies maintains large amounts of 
carbon in soils through the avoided 
conversion of grassland into cropland. 

Dr Boyce and his team at the University 
of Alberta examine how cattle-grazed 
systems can be adapted to mimic 
the dynamics of natural bison-grazed 
prairie grasslands. The researchers also 
investigate whether the potential of 
these grazed prairies as carbon stores 
can be measured and fully utilised. 

ADAPTING GRASSLAND 
GRAZING TO BOOST 
CARBON SEQUESTRATION

Globally, grassland ecosystems represent a vast, often under-
appreciated store of carbon. Sustainable grazing practices offer the 
potential for maximising the role of these ecosystems as carbon 
storehouses and biodiversity safeguards. Dr Mark Boyce and his 
team from the University of Alberta have been investigating how 
cattle-grazed systems can be adapted to increase carbon storage 
on the Canadian Prairies. They use the data collected to create 
protocols for supporting the inclusion of grazing strategies in 
climate mitigation plans.

‘However, there is currently a lack of 
robust greenhouse gas emissions data 
and carbon stock data for prairies,’ 
says Dr Boyce. Indeed, Canada has 
identified the need to enhance its 
national emissions inventory reporting 
methodology for assessing carbon 
storage in agricultural landscapes. Dr 
Boyce and his team have collected 
data to fill these data gaps, towards the 
development of grazing and agricultural 
protocols that can help Canada reduce 
its net carbon emissions, towards a 
more sustainable future.  

Alternative Grazing Systems 

As part of their research, Dr Boyce and 
his team are investigating the role of 
Adaptive Multi Paddock (AMP) grazing in 
improving the carbon storage potential 
of Canadian prairie grasslands. AMP is 
a modified rotational grazing system 
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in which the management of animals 
can positively influence ecosystem 
services. Viewed as a holistic form 
of grazing, this method attempts to 
mimic nature to meet the needs of 
plants, animals and people – sustaining 
grassland ecosystems and facilitating 
nutrient cycling. This form of rotational 
management takes advantage of post-
grazing plant recovery and promotes 
biodiversity by encouraging the growth 
of desirable plant species.

The net amount of carbon sequestered 
in Canada’s grasslands remains elusive, 
particularly under alternative grazing 
practices such as AMP. With the need to 
improve Canada’s accounting system 
on these lands, Dr Boyce and his team 
focused their research on designing a 
statistically defensible evaluation of 
alternative grazing systems. To do this, 
they measured soils, vegetation and 
biodiversity on 60 ranches across the 
grasslands of Alberta, Saskatchewan 
and Manitoba, collecting data on 
carbon stocks and accumulation rates, 
nitrogen concentrations, greenhouse 
gas emissions, water infiltration, 
above- and belowground biomass and 
microbial communities. They compared 

the AMP approach to more conventional 
grazing systems. 

The team’s findings showed that 
grasslands with higher plant diversity 
as a result of adaptive grazing are more 
effective at retaining carbon throughout 
the year. ‘As a conservative estimate, 
AMP management adopted on only 
30,000 hectares could lead to the 
sequestration of over one million tonnes 
of carbon dioxide equivalents over a 
ten-year period,’ explains Dr Boyce. ‘If 
the adoption rate was 100% over the 
entire livestock grasslands in Alberta (3.3 
million hectares), then the hypothetical 
benefit could be the sequestration of 
12 million tonnes of carbon dioxide 
equivalents over a decade, or 1.2 million 
tonnes per annum.’ 

In addition to the carbon storage 
benefits, Dr Boyce and his team also 
found that abundance and diversity of 
specialist grassland bird species are 
higher in grasslands managed under 
an AMP grazing system. Grassland 
birds and plants are in steep decline 
across the planet, due to cultivation, 
chemical treatments and agricultural 
intensification. If managed well, 

livestock grazing on permanent 
grassland can sustain habitats for 
wildlife and native plants – with 
important implications for conservation.

The team also analysed the surface 
albedo, or reflectance, of rangelands, 
under different grazing strategies. 
This is an important factor influencing 
the progression of climate change, as 
landscapes with a high albedo reflect 
more solar radiation back into space, 
helping to keep the planet cooler.

Animal grazing can influence surface 
albedo by changing vegetation 
composition and altering the soil 
moisture and temperature. The team 
concluded that surface albedo may 
differ based on whether AMP grazing is 
used, but that longer-term field studies 
covering the whole growing season are 
required to determine the exact effects. 

Developing Protocols for the Future

The research performed by Dr Boyce 
and his team demonstrates that with 
appropriate management, cattle on 
native grasslands can have positive 
impacts on native ecosystems and vital 

‘There is a consistent lack of appreciation and recognition for the value of grassland 
ecosystems in terms of the vast global carbon storehouse they represent. In southern 

Alberta and other parts of the Great Plains, grasslands are much more important than trees 
for carbon storage.’ 
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ecosystem services, such as carbon sequestration. Through 
the maintenance of large areas of native grassland, the cattle 
industry can support wildlife habitat and avoid the loss of 
carbon that occurs with crop cultivation, particularly when 
flexible management practices are used.

Currently, with few exceptions, the primary revenue from 
Canada’s grasslands is beef production. Conservation of these 
lands through policies that provide incentives for landowners 
to continue grazing grassland ecosystems at moderate rates 
or using adaptive grazing techniques is key to their long-term 
maintenance.

Many ranchers in Canada use AMP grazing but do not realise 
the climate change mitigation benefits they provide, or 
the expanded benefits that could be achieved if economic 
incentives were in place that recognised the value of their 
practices. Dr Boyce’s results show that livestock grazing can be 
important for climate change adaptation and resilience, yet no 
protocols to support grazing methods currently exist in Canada. 
Alongside this, oil companies and other large greenhouse gas 
emitters in Canada need a large volume of reasonably priced 
compliance-grade carbon offsets but such offsets are not 
currently available. 

Dr Boyce and his team are therefore using the results of their 
work to design measurement-based protocols for ranchers to 
maximise carbon sequestration while conserving grassland 
ecosystems. These protocols are required so that ranchers 
can apply for carbon benefits – thereby subsidising grazing 
practices while simultaneously maximising climate change and 
conservation benefits. 

Existing soil carbon measurement protocols under the Verified 
Carbon Standard and grassland management protocols under 
the American Carbon Registry are designed for measuring 

soil carbon and other greenhouse gas stocks and emissions. 
Dr Boyce believes that a new Canadian market protocol that 
incentivises sustainably grazed beef would be of comparable 
benefit to the Canadian agri-product marketplace. 

‘A similar protocol that encourages and monetises when 
a rancher changes to grazing management practices that 
enhance net carbon reductions, is what we’re looking at 
developing for use in Canada,’ he explains. ‘If this is based on 
a combination of measurement and modelling with enhanced 
certainty and is accepted by a regulated market, this will greatly 
improve the net return of carbon value to the rancher.’ 

Not only could this project have positive implications for beef 
producers in terms of monetary incentives, but it could also 
provide benefits for the Canadian beef industry as a whole in 
terms of improved public perception. ‘If we can demonstrate 
the reduced carbon intensity of Canada’s beef production by 
deploying AMP grazing practices, this could enhance public 
trust in Canada’s beef system,’ says Dr Boyce. ‘Being able to 
more comprehensively put the socio-economics and science 
story together could further support and encourage a shift 
towards climate-friendly beef and restored grassland.’ 

The result could be a positive feedback loop which leads to 
further benefits for grassland ecosystems though increased 
investment in sustainable grazing systems, with significant 
potential for greenhouse gas reduction. 

The work of Dr Boyce and his team has implications for other 
countries, where similar carbon offset schemes based on 
grazing strategies could be adopted. Indeed, if the potential 
of grasslands for carbon storage begins to be recognised on a 
global scale, the benefits for climate change and biodiversity 
could be huge.
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