
Overview: 
Almost a quarter of anthropogenic greenhouse gas emissions can be attributed to 

agriculture, forestry, and land use changes.1 On the list of solutions with the most potential for 
climate change mitigation, agricultural practices occupy 5 of the top 20 solutions.2 With the 
global population expected to reach 11 billion people by 2100, finding ways to simultaneously 
meet the increasing need for resources and mitigate climate change is more important than 
ever.  
  Implementing land use and agricultural climate change mitigation practices can be 
difficult because of competing land uses. Worldwide, forests and agricultural lands are facing 
increased demands for food production, bioenergy extraction, urban development, and 
conservation.1 In the US, a nationwide trend of a decreasing number of farms has led to farming 
and animal production concentrated in larger operations.3 Increased use of chemical fertilizers 
is one of the leading causes for increased per acre crop production. Currently, the United States 
is the third largest producer and consumer of nitrogen fertilizer. Agriculture makes up 7% of 
total greenhouse gas emissions in the US and an estimated 38% of impaired streams and rivers 
in the US are considered to be impaired by agricultural run-off, mostly from fertilizer.4 
 
Scientific Basis for GHG Emissions Reductions: 

Nitrous oxide (N2O) is a gaseous compound that has several negative environmental 
impacts; as a greenhouse gas, its warming potential is 298 times greater than carbon dioxide.5 
Similarly, when found in the upper atmosphere, it can lead to destruction of the ozone layer.6 
Nitrification and denitrification are two processes taking place in soil that have a tremendous 
effect on the release of nitrous oxide into the atmosphere; these processes are affected by 
numerous environmental variables, especially by weather and common farming practices.4 

Nitrous oxide is especially sensitive to the application of fertilizer; fertilizer application 
can lead to pulses of N2O on the timescale of hours to weeks.7 Additionally, the same farming 
practices, some of which may be well-intentioned and considered more “sustainable,” can have 
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drastically different effects on nitrification and denitrification processes depending on the 
unique environmental variables in that region. For instance, some studies have found evidence 
that no-till agriculture reduces the flux of N2O into the atmosphere, but other studies have 
found the exact opposite, that these practices increase N2O emissions.8  

A recent study of grazing intensity and N2O in China found that nitrous oxide fluxes 
decreased as cattle stocking rate (the number of cows in a fenced area) increased.9 The 
mechanism for this is likely the compaction of soil by grazing animals; this reduces soil pore 
spaces and increases bulk density, reducing the potential for N2O production and emission. 
Additionally, grazing reduced the height of vegetation and amount of litter; both of these 
factors reduce soil moisture, high enough levels of which are necessary for nitrous oxide 
emission. While grazing inarguably affects the pasture ecosystem and soil properties, these 
changes may have very different implications in different climates.   

Furthermore, cows can play a role in returning nitrogen back to the soil, in turn reducing 
the need for external nutrient inputs. Cattle return an estimated 75-95% of ingested N back to 
the soil through excretion10. Plants may not be able to take up all of this N, especially if 
excretions are concentrated in shady areas or near water sources; in this case, some of the N is 
susceptible to loss as N2O. However, in managed intensive rotational grazing, excretions are 
distributed much more evenly, reducing the amount of N2O emissions. Additionally, this closed 
system of returning N back to the soil is beneficial for soil health, especially since N is often the 
most limiting nutrient in most pastures.11 One study found that the amount of nitrogen in soil 
where animals had grazed was almost twice as high as a field that had been hayed.10 These 
increased levels of soil N can reduce N inputs needed for optimal forage growth.  
 
Expected Co-Benefits: 
 
Educational: This project will provide educational opportunities for students to learn about and 
quantify soil greenhouse gas fluxes; additionally, students will learn about current pasture and 
farm management practices.  
 
Social: Formalizing these practices into a carbon offset protocol will allow another source of 
income for small-scale graziers in North Carolina, which can increase the sustainability of their 
business model and conserve these working lands. Additionally, farmers can reduce the amount 
of fertilizer purchased while maintaining similar forage yields.  
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Environmental: Reducing fertilizer use has a multitude of positive environmental impacts, such 
as improved downstream water quality by reducing sedimentation and nutrients in streams and 
rivers. Additionally, increased grazing allows graziers to be less reliant on tractors for mowing 
hay, which reduces greenhouse gas emissions.  
 
Scalable: This project will remove barriers of entry to graziers and increase the use of these 
BMPs in small- to medium-sized grazing operations.  
 
Project Partners: NC State University, NC Extension Service, local farmers 
 
DCOI’s Role: 
 Currently accepted methodologies for the American Carbon Registry (ACR), Verra, and 
the Climate Action Reserve (CAR) all focus on quantifying nitrogen fertilizer reductions for 
agricultural crops. Many of these protocols have a narrow focus of corn crops. There is no 
guidance or existing methodology for pastures and grazing animals. While there are several 
accepted methodologies, there is only one project registered with ACR. The low adaptation rate 
of these protocols underscores barriers for implementation; for instance, a study by Delta 
Institute found that this type of carbon offset project would require the enrollment of tens of 
thousands of acres to cover verification costs.12 Because of the high cost, understanding the 
need for scaling projects up to a certain size is crucial before undertaking a project of this kind.  
 DCOI, in partnership with NC State University, NC Extension Service, and local farmers, 
will study how cattle grazing practices affect N2O fluxes, under regular fertilizer application and 
under reduced fertilizer application. The goal is to create a new protocol, building upon the 
existing relevant resources that exist, to incentivize sustainable grazing practices, which will 
also allow for reduced fertilizer application.  
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