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Abstract 

The global warming gasses, water vapour, carbon dioxide, methane, and nitrous oxide all cycle 

differently through the environment but are bundled into CO2 equivalents. This discussion paper 

explores aspects of methane’s cycling through the environment. The difficulty in establishing a valid 

CO2 equivalence begins at the molecular level, based on varying estimations for its persistence in the 

environment. CO2 equivalence calculations for methane range from 28 to 100 times. The difficulty of 

establish valid equivalence is compounded by the variety of ways that methane interacts in the soil, 

vegetation, in ruminants, and the troposphere, including climatic influences. 

Ruminants raised on diverse actively growing pastures, with practices that build soil fertility and 

structure might reduce methane levels significantly, or even be a methane sink. A more nuanced 

understanding of how soil, pasture and animal husbandry practices has potential to reveal how 

methane levels in any specific environment might vary. This is especially important when CO2 

equivalence is used to determine policy. Ill-conceived policy could disadvantage some farmers, 

misguide investment decisions, and overlook opportunities to mitigate and adapt to climate change. 
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Introduction 

This discussion paper is written for a broad audience to help advance the discourse on methane and 

contribute to better-informed policy. 

The global warming gasses, water vapour, carbon dioxide, methane, and nitrous oxide all cycle 

differently through the environment. Our dilemma is to understand how these differences need be 

reflected in policy and land stewardship, while recognising their dynamic interdependence. 

In pursuing CO2 equivalent emissions targets, methane is calculated with a high CO2 equivalence.1 

Ruminants are acknowledged as a significant methane emitter. Methane sources are partly 

understood, whereas methane sinks are quite poorly understood. We can only judge different 

emissions if we understand their role as sources AND sinks. Good land management with grazing 

animals may open up an overlooked methane sink: healthy pastures. 

In 2003 the New Zealand Government proposed a levy on agricultural methane to fund research.2 In 

2021 Simon Upton, Parliamentary Commissioner for the Environment proposed a levy on 

agricultural methane to fund changes in land use to benefit the environment. 

Calculating methane sources and sinks is complex and determined on many factors such as soil 

moisture.3 Calculating and modelling net methane emissions on the existing knowledge base at a 

national level is no basis for a just transition to a more stable climate. Some farms may be net 

emitters, while others may be methane sinks. 

After providing background information about methane, this paper attempts to outline the 

variability in methane sinks and source calculations and modelling, starting at the molecular level 

through to the global level. 

The culminating messages embodied in reports from global authorities combined with observable 

manifestations of climate breakdown through fire and flood should increase our sense of urgency 

and the intensity of our response. Reducing methane will help mitigate climate breakdown, but we 

must be clear-eyed about where our most effective interventions are. Miscalculations and over-

simplification of causalities could lead to well-intended interventions that accelerate climate 

breakdown rather than mitigate it. 
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Part one: An overview of the methane budget  

Measurements of methane concentrations in the world’s atmosphere reflect net changes in 

emission sources and sinks.  

1.1. Methane as a greenhouse gas  

The average lifetime of methane in the atmosphere is generally set at 12 years (e.g.4) or, more 

accurately, a half-life of 9.1 years.5 Compared to CO2, which remains in the atmosphere for around 

100 years, methane is cycled much faster, which creates difficulties in quantifying warming effects. 

The IPCC introduced the global warming potential for a certain time period – a measure that 

compares the warming of any chemical against CO2. Methane’s global warming potential over 100 

years is estimated between 25 and 30 equivalents of one CO2 molecule (eq CO2). Over the shorter 

period of 20 years, methane’s global warming potential is much higher, between 72 and 85 eq CO2.  

Globally atmospheric concentrations of methane have almost tripled since preindustrial times, rising 

from 719ppb in 1750 to 1,858ppb in 2018,6 making it an increasingly relevant greenhouse gas within 

the global warming debate. These changes are attributed to anthropogenic changes to emission 

sources and degradation of emission sinks. 

1.2 Methane sources 

Reay et al. in 20107 listed natural and anthropogenic sources for methane emissions that total to 

approx. 800 Tg/yr.  Natural sources include wetlands, termites, oceans, oceanic hydrates, geological 

sources, wild animals, and wildfire – totalling to 238 Tg CH4/yr. Anthropogenic sources include coal 

mining (36 Tg/yr), gas & oil industry emissions (61 Tg/yr.), landfills and waste (54 Tg/yr.), and 

agricultural emissions (ruminants 84Tg/yr., rice agriculture 54 Tg/yr., biomass burning 47 Tg/yr.). 

Furthermore, with global warming, recent years have shown an increase in emissions from 

permafrost, but global numbers remain unknown8.  

 

Figure 1: Sources of anthropogenic methane (Tg CH4 yr-1) Reay et al9 
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The role of oceanic methane hydrates, by far the largest reservoir of stored methane, remains 

mostly unknown.10 

World Bank data calculates total global methane as 8.17 million kt CO2 equivalents, and agricultural 

emissions at 3.51 million kt CO2 equivalents for 2018.  Global emissions increased by 54% between 

1970 and 2018 while agricultural emissions increased 22%. Over the same time period, kt of total 

CO2 equivalent emissions increased by 69% from 27.05 to 45.87 million kt.11  

 

 

Figure 2: Total and agricultural global methane emissions (Kt of CO2 equivalents) Derived from World Bank data12 

Detailed work by the Nobel Prize winning climate and Earth system scientist Paul Crutzen and others 

published by the UNEP, ICSU, Scope 13 and Geophysical Union in the 1980s still stands as our best 

understanding of the complex dynamic biological and physical processes involving methane and 

other molecules13. Cruzen’s data from the 1980s determined 700+/-130 Tg/an (10 to the 12th) of 

methane is emitted annually into the Earth’s atmosphere. Of these, living beings indeed play a 

significant role as methane source:  

• Animals including humans emit some 100-220 Tg of this. 

• Ruminants emit 66-90 Tg of this. 

• Cattle emit some 64 Tg of this, with 

• Grass fed cattle contribute a third of this ie 21 Tg (90% of industrial meat is grown in 

feedlots, Most Indian cattle live on wastes). 

The global population of cattle decreased slightly from 1,001.72 million in 2012 to 1,000.97 million in 

2021.14  This global decline in ruminant populations means that they add less new methane to the 

atmosphere than old methane is being removed, which should lead to a reduced atmospheric 
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methane concentration.15 However, methane concentrations are increasing (see figure 1). This could 

either indicate a change of other emission sources, or a reduction of methane sinks, or both. Can a 

variation in management practices explain an increase in methane emissions from ruminant 

agriculture and/or other forms of agricultural land use?  

The International Energy Agency’s assertion that fossil fuel sources of methane have been 

underestimated concurs with figure one. They estimate 82 Mt of methane emissions in 2019.16 

Satellite images of methane leaks from aging pipeline infrastructure are clear evidence of fugitive 

emissions. The IPCC’s 2021 Sixth Assessment Report Technical Summary17 echoes the confusing 

variability summarised above.  For example for the period 2008 to 2017 there is a variation of 156 Tg 

CH4 Yr-1 between top-down (215 Tg CH4 Yr-1) and bottom up (371 Tg CH4 Yr-1) sources of methane. In 

anthropogenic sources there is only a 1 Tg CH4 Yr-1 variation. Sinks vary by 88 Tg CH4 Yr-1 (514 to 602 

Tg CH4 Yr-1).  

Global methane hydrate resources were estimated as 2 ×1014 m3 in 2018, greater than for all other 

hydrocarbon energy resources.18  

1.3 Methane sinks 

Within only 12 years, methane emissions are removed from atmosphere by one of several methane 

sinks.  Reay et al. (2010) list three sinks for methane: tropospheric hydroxyl radicals (OH), 

stratospheric losses, and soils. At 467 Tg/yr, tropospheric oxidation by hydroxyl radical (OH) is 

believed to be by far the most important sink, involving a number of chemical pathways.19 

Stratospheric losses (39Tg/yr) and methanotrophy in soils (30TG/yr) play a far less significant role. 

However, these numbers are difficult to verify and recently, authors have attributed significant 

uncertainty to methane sinks.20 ,21,22 Researchers found that at least some living plants directly 

absorb methane.23 This table compares the sink reported by Reay and the IPCC. 

Sinks (Tg CH4 Yr-1) Reay et al, 
2007 data 

IPCC’s 2021 Sixth Assessment Report Technical Summary24 

Top-down Bottom-up 

Tropospheric loss (OH) 467 (428-507)   560 (483-682) 

Tropospheric loss (CL)    11 (1-35) 

Stratospheric loss 39   31 (12-37) 

Soil 30 (26-34) 37 (27-43) 30 (11-49) 

Total 536 514 (474-529) 602 (496-754) 

Table 1: Variation in estimates of methane sinks comparing data from Reay et al. and the IPCC 

Estimates of the largest sink, tropospheric OH radicals, remain highly uncertain. OH radicals are very 

unstable and maybe last a second in clean air, less in dirty air. Researchers are hunting a ghost 

molecule that is very difficult to quantify in the troposphere (the first and lowest layer of the 
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atmosphere).25,26 For example, the most common approach to infer global OH concentrations are 

observed trends in trichloroethane or chloroform (CH 3 CCl3). The primary sink of this human-made 

molecule is tropospheric OH, so the measured rate of its disappearance indicates the OH 

concentration. Studies have shown how sensitive OH estimates are to errors in assumed CH 3 CCl3 

emission rates, which may be under-reported. CH 3 CCl3 is a gas that was phased out in the Montreal 

protocol because it depletes the Earth’s ozone layer. Since the phase-out, actual emissions are 

unknown. These errors directly impact the estimated tropospheric methane sink!27  

The isotope ratio of methane is another way to gain insights into the drivers of methane emissions, 

though ambiguous28: stronger isotope anomalies (lower C13/C12 ratios that indicate a lighter isotope 

signature of methane) are associated with a number of sources: enteric fermentation from 

ruminants with C3-plant diet (e.g., temperate grasses), rice agriculture, emissions from wastewater 

and landfills, and wetlands.  Weaker anomalies are associated with emissions from the fossil fuel 

industry (coal, gas, oil), burning of biofuel, and enteric fermentation from ruminants on a C4-plant 

diet (e.g., corn fodder). But not only methane sources shift the isotope ratio; OH radicals also 

favourably remove lighter isotopes and leave a heavier isotopic methane signature in the 

atmosphere. 

Observations show a rise in atmospheric methane that began in 2007 and 201429 and accelerated 

further between 2014 and 2017.30 This rise was especially marked in the tropics and northern 

midlatitudes, but the interplay between sources and sinks remains poorly understood. As total 

methane has risen, methane’s carbon isotope ratio simultaneously become lighter. This may either 

indicate lighter sources (e.g., more emissions from wetlands), or weaker sinks (e.g., less OH radical 

removal), or both. The increasing relevance of methane for global warming underlines the urgency 

to better understanding of the underlying processes - especially methane sinks. It also raises the 

urgency of adequate climate policies that factor in remaining uncertainty. 

1.4 Toward quantifying the near-surface hydroxyl sink of methane 

Cattle with a nutrient-rich diet spend a lot of their rumination time sitting down. This means that the 

belched rumen aerosols are within meters of the pasture and it's transpiration streams as well as 

being at the vegetation interface above the soil, where vegetation-mediated hydroxyl and 

hydroperoxyl radical reactions take place. Yet, the academic literature exclusively discusses 

ruminants as methane sources – their interaction with the grassland ecology, and the role of 

vegetation as methane sink via the isoprene/OH reaction cycle, remain ignored. How could near-

ground methane oxidation by hydroxyl be measured, with its short lifetime of around a second? 
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One approach is to detect OH profiles in the near-surface layer with ground-based or airborne laser 

technology.  Methane concentrations from large emissions, such as landfill can be visually mapped 

with LIDAR technology.31  OH profiles can be measured with laser-induced fluorescence, e.g. on 

airborne LIDAR systems.32 Dlugi et al33 combined near-surface OH with eddy covariance methods, 

which are commonly used to measure atmospheric trace gases like methane or isoprene. Isoprene 

reacts with OH radicals in a complex chemical cascade, in ways that maintains OH concentrations 

within a relatively narrow concentration window.34 With low OH concentrations, this cascade 

actually increases OH – enabling continuous near-surface oxidation of methane. This vegetation-

sustained methane sink was, to our knowledge, never measured explicitly in situ - especially not 

around grazing herds as methane source. However, promising methods are emerging. For example, 

German physicists Thilo Streck and Stefan Wulfmeyer have developed a system for measuring near-

surface water vapor profiles with high resolution, using a 3D Raman LIDAR that visualizes 

vegetation.35,36,37 3D visualisation of the complex near-vegetation interactions of OH and methane is 

theoretically possible but would require significant research efforts.38 
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Part two: Measuring methane – from the molecular to the global  

With multiple variables, the complexity of quantifying atmospheric methane is daunting. Figure 2 

lists some examples. 

The chemistry of methane cycling is very complex. Interactions of our landscape management 

practices with a host of biological and climatic factors intensifies this complexity. A third level of 

uncertainty arises from our attempts to quantify methane fluxes with calculations, extrapolations 

and models. This section attempts to highlight the fragility of the methane discourse by highlighting 

the wild variability when attempting to quantify methane fluxes. 

We start at the molecular level as the base foundation for modelling and observe how unstable 

modelling becomes as we progress through levels of the soil, vegetation, animals, local climate up to 

global measures. 

2.1 Molecular 

In a recent publication, Australia’s Climate Council contrasted biogenic and fossil methane and also 

stated that calculations of the carbon equivalence vary between 28 and 100 times.39 This variability 

is based on varying interpretations of the persistence of methane in the atmosphere. Myles Allen, 

based on the IPCC 5th Assessment Report states that CO2 equivalence (CO2-e100), calculated over 

100 years, “understates the warming impact of any new methane source by a factor of 4 over the 

first 20 years after the increase, while overstating the warming impact of constant methane 

emissions, also by a factor of 4”.40 This is a shaky foundation for modelling. 

2.2 Methane and soil 

A British study focussed on methane fluxes in agricultural soils concluded that these soils were a 

source of methane but revised the quantum down from earlier studies. The soil’s capacity as a sink 

was determined as minimal. Both the application of animal manures and tillage significantly 

increased methane emissions. Further variability is driven by soil moisture and oxygen levels. The 

researchers “expect uptake of CH4 to be more prevalent in drier soils where volumetric water 

content does not exceed 35% and emissions to be exponentially greater where agricultural fields 

become waterlogged”.41 

In contrast, a Chinese study determined that soil was a significant sink in tropical forests.42 Their 

observations of the impact of water levels in soil concurred with the British study.  

Soil and pasture management practices impact methane fluxes.43,44 If soil has good structures, 

carbon content and aeration waterlogging is ameliorated. 
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Figure 3: The complexity of modelling methane from the molecular through levels of soil, pasture, ruminants and climate for 
quantification. 

Question 

How does the way that animal manure decomposes impact methane emission?  

Do soils with active biology including methanotrophic bacteria, dung beetles and earthworms 

create less methane than soils with degraded biology? 

How do biologically regulated methane sinks influence the GHG balance of livestock production 

systems? 
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2.3 Methane and vegetation 

OH radicals – the illusive sink – OH radicals are believed to be the main atmospheric sink for 

methane. OH is created in several reactions, especially the disassociation of ozone throughout the 

entire troposphere.45 In the context of methane emissions from ruminants, another pathway may 

however be more relevant: living plants also maintain an elevated concentration of OH radicals near 

the surface that is independent of the ozone reaction. Plants exude isoprenes into the air46, which 

buffer near-surface hydroxyl formation through a complex chemical reaction.47 This potentially 

opens a significant methane sink in vegetated areas. How this vegetation-hydroxyl radical self-

regulation process interacts with methane emission sources has not been investigated further, in 

particular with grazing animals that emit close to this vegetation.  

Trees appear to act as both sinks and sources of methane. An individual tree may emit methane near 

its base while absorbing methane in its canopy. The largest emissions from trees are those growing 

in wetlands48. 

Questions 

How do pastures vary as methane sources and sinks, and what is the relevance and potential of 

the trend toward pasture diversity?  

How does pasture health impact its role as methane source and sink, and how does this vary 

throughout the day and the seasons? 

How does land and land use change influence methane sinks near vegetation? 

How do compounds exuded by plants impact the methane cycle? 

2.4 Methane and the rumen 

The CO2 equivalent reductionist approach may confine our thinking to gases. But rumen emissions 

are not simply carbon dioxide and methane, but a much more complex biochemical and presumably 

microbial aerosol, likely at the very least to contain spores from anaerobic fungi responsible in a 

large part for the initial stages of pasture decomposition. 

Ruminant methane is surrounded and at least partially dissolved in water droplets, in a complex 

biochemical soup, containing presumably extended nanoporous surfaces (microbial membranes) 

that are initially emitted at rumen temperature.  

There are gaps in our knowledge about what really does come out of the rumen, what happens to it 

and how it interacts with soil, air, and biology. Many complex interactions influence methane 

cycling, including soil moisture, structure, bulk density and chemistry, land use changes49, plant 

performance, animals, and atmospheric conditions. 



P a g e  | 11 

 

A Swedish study compared milk carbon footprint (CF) for Sweden (SE) and New Zealand (NZ) finding 

significant variability between Swedish farms and when comparing Swedish (described as intensive 

systems) and New Zealand farms (described as extensive). 

National average milk CF for SE and NZ was estimated to be 1.16 and 1.00 kg carbon dioxide 

equivalents (CO2e)/kg energy corrected milk (ECM) respectively, with uncertainty of 

approximately ±30% due to uncertainties in emissions factors predicting enteric CH4 and soil 

N2O emissions, which were among the most influential parameters for milk CF estimates. 

The most influential variable was feed intake. Milk CF was found to vary by approximately 

±17% between Swedish dairy farms due to differences in management practices, indicating 

potential for reducing GHG emissions on farm level.50 

Tannins reduce enteric methane and confer other benefits including improving nitrogen utilisation, 

reducing nitrogen waste and improved animal, wool and milk production. Health benefits include 

control of endo-parasites and preventing bloat.51. Birdsfoot trefoil Lotus corniculatus and clovers are 

pasture plants that produce tannins and their inclusion in pasture provides another variable in the 

quantum of methane emissions. 

2.5 Methane in the troposphere  

Methane cycles in the air interacting with other chemicals such as hydroxyl and isoprene. 

Researchers struggle to understand to complex relationship between hydroxyl and isoprene, even 

when confined to chambers in labs. Research in 2013 found “significantly higher concentrations of 

hydroxyl radicals than expected based on model calculations, providing direct evidence for a strong 

hydroxyl radical enhancement due to the additional recycling of radicals in the presence of 

isoprene.”52  

Airborne biology further complicates. The role of airborne microorganisms, emitted from land and 

oceans has become increasingly recognised and now acknowledged for nucleating rain.53 Biology in 

cloud water is a sink for hydroxyl54 thus reducing methane scrubbing. 

Natural processes for cycling methane are breaking down.55 While we know that the near-surface 

hydroxyl methane sink processes have been declining as the global area of green grassland and the 

numbers of natural and grass-fed managed herbivores have also declined, this association is not a 

proven direct causal effect. 

Questions 

What biological agents could be contributing the most to this variable methane removal process 

via the generation of regional water vapour fluxes to generate hydroxyl ions? 
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2.6 Global modelling of methane 

Based on the increasingly unreliable degree of instability from the molecular level through the 

planetary and life processes briefly explored above, any modelling of methane must be highly 

suspect. Given the unsettled nature of the science, and the coarse calculations in national or global 

level modelling, our current estimates of methane emissions is no basis for calculating levies, and no 

basis for a just transition to a zero carbon targets. Certainly, there is more to know about these 

complex dynamic natural processes. However academic uncertainty must not impede the action to 

reduce anthropogenic causes of climate change. 

Initiative driven from current conceptions will have significant inaccuracies. In April 2021, Toitῡ 

Envirocare in New Zealand certified the 6,500 ha Lake Hawea Station in New Zealand as a carbon 

zero certified farm. 

Close to 1,800 tonnes, or 71% of CO2-equivalent emissions, from Lake Hawea Station are due 

to methane from grass-eating sheep and beef. Other contributing areas include greenhouse 

gas from animal urine, fertiliser use, supplements, and farm vehicles. However, on the other 

side of the carbon ledger, the farm locked up well over 3,966 tonnes of carbon through 

extensive tree planting and areas of regenerating bush.56 

Total CO2  emission equivalents is 2535 tonnes providing a 1,431 tonnes carbon positive surplus. On 

positive side of the ledger is tree planting and regenerating bush. There is no mention of soil carbon 

sequestration. If this were factored in along with the farms potential to recycle methane, this carbon 

positive situation will be more impressive. The 71% contribution of methane is no doubt based on 

national level modelling. 

The relevance of methane uncertainties for ruminant agriculture 

How does our knowledge around methane impact our understanding of agricultural sources and 

sinks? 

The first aspect is around accounting metrics. If a cattle herd of constant size is maintained for more 

than the atmospheric residence time of methane of 12 years, then new methane emissions are 

balanced by the decay of past emissions and a constant herd would not add further methane to the 

atmosphere. However, the use of 100-year global warming potential falsely attributes new annual 

methane emissions to a cattle herd of constant size: it averages global warming potential over 100 

years. Better accounting methods for methane exist57 and are promoted by Britain’s cattle sector.58  

A second aspect is the role that vegetation plays in the OH cycles, the biggest sink for methane. This 

vegetation-driven OH directly removes methane emissions from grazing herds. Hydroxyl radicals are 

created from water vapour, and from isoprenes, a group of volatile organic compounds emitted 
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from vegetation.59 Vegetation emissions of isoprenes are best described for forest ecosystems 

(e.g.60), but are also relevant for other plant communities such as prairies and savannah.  

Questions 

As the relationship between isoprenes and OH concentrations is not linear- how are OH 

concentrations effected above different plant communities? 

How is the methane sink influenced by different plant communities at different health levels? 

Can we associate agricultural production methods with methane sinks, such as monoculture feed 

production, monocultural pastures, well-managed diversified and deeper rooting pastures, and 

silvopastures? 

What role do ruminants have in reversing desertification? 

Policy and modelling 

IPCC lead author Myles Allen questions assumptions in the EU Methane Strategy. 

Achieving climate neutrality in terms of metric-equivalent emissions could mean eliminating 

practices, such as ruminant agriculture, that are not actually causing global warming. 

Warming-equivalent emissions resolve this problem.61 

New Zealand’s Climate Commission 2021 Our Advice and Evidence report focuses on technical fixes 

to reduce the methane, bypassing natural sinks.62 The USDA promotes methane digestors on large 

dairy and pig operations. These examples reveal further the diversity of policy approaches to 

methane. 

Policy guides government expenditure. Public funds should be expended with fiduciary stewardship. 

The levels of complexity outlined above provides no sure base for policy decisions about methane, 

especially when translated into policy that will have financial consequences. This is especially so in 

New Zealand where ruminant based agriculture provides a large portion of export income. Farmers 

are criticised for generating a disproportionate share of greenhouse gasses. However the majority of 

ruminants in New Zealand are grass-fed, and given the right policy signals and incentives, farmers 

could minimise emissions, or even create localised methane sinks by evolving greenhouse gas 

management farming practice. 
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Discussion: Solutions in a complex interconnected world 

Natural planetary systems have created a benign climate with large areas of habitable land for 

people. Methane has existed at trace levels in the air for millennia. This confirms that there must be 

processes that remove it from the atmosphere. As these sink processes exist they are proven and 

not a postulate even if we don’t fully understand them. Scanning scientific literature about methane, 

just one greenhouse gas, reveals just how much uncertainty remains over the processes that 

regulate its sources and sinks.  

It remains questionable whether science can provide the certainty that is needed for micro-

controlling the Earth’s cycles of matter, yet we are certain that an immediate change of policy and 

management is needed to alleviate the worse of the planetary crisis. If we reflect on the nature’s 

ability to achieve the relative equilibrium to provide a the best habitable conditions in our solar 

system and beyond, we can do no better than to learn from the natural world. 

We can observe beneficial synergies when we learn from nature. Converting dead atmospheric 

carbon to live carbon sequestered in soils and vegetation improves soil which creates a cascade of 

other benefits including increased water-holding capacity and drainage. Soil rich in biology with good 

structure is far less likely to become waterlogged or have surface capping – the same anaerobic 

conditions that increase methane emissions. Landscapes with abundant vegetation is less likely to be 

subject to floods and fire.  

Carbon-rich soils also help to restore the hydrological cycle on a desertifying planet. Industrialization 

of landscapes has changed the Earth’s land cover in ways that impact local and regional climates in 

far more ways than greenhouse gas emissions, 63,64,65 with agriculture’s particularly important 

role .66  Unfortunately, the mandate of the IPCC directs its authors mainly to assess non-water 

greenhouse gases while neglecting the more nuanced and contextual roles of the biosphere. Reports  

like Climate Change and Land67 defines climate change exclusively as the impact of atmospheric 

greenhouse gases, while giving little attention to direct climate impacts from the interaction of land, 

vegetation and the water cycle68. 

We can integrate these lessons from nature into our food systems – feeding us and repairing the 

climate. It appears that a deep rich soil with abundant carbon, supporting a healthy soil and 

ruminant microbiome, with healthy and diverse pasture (including aromatics) in a humid 

atmosphere will support bacterial and chemical methane cycling. By contrast CAFOs with ruminants 

dosed with antibiotics might not. 

A pasture scenario typifying regenerative agricultural practices, delivers many co-benefits. Imported 

inputs including feed, synthetic fertilisers and agrichemicals are reduced, or eliminated, and animal 
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health improves.69 Soil resilience leads to landscape resilience, reduced erosion and healthier 

waterways. 

In dryer landscapes, such as much of Australia, regenerating soils with ruminants encourages 

pasture providing protection from the devastating fires that create more greenhouse gasses. 

A further benefit of ruminants in the landscape is pioneering work in “Pleistocene Park” in Russia. 

Imported megafauna such as bison, musk ox and artic sheep into the park are changing the 

landscape from sparse forest tundra to grasslands, thus delaying permafrost thawing and 

consequent methane eruptions, and sequestering carbon. The animals trample the insulating snow 

to enable the cold air to permeate the soil.70 71 

As the arctic warms abnormally vast quantities of methane hydrates are already being released from 

these sinks. Our only hope to avoid and limit such a methane extinction risk is to rapidly and safely 

cool these regions and enhance the methane photooxidation potential and resilience of biosystems 

to do this. We can do this but only by recognising and not marginalising this evidence, imperative 

and potential. 

Conclusion 

Policy development is influenced by public discourse. Biology is often reduced to chemistry and 

complex science from many disciplines can be over-simplified to fit political agendas. There is often 

no disclosure of uncertainty and measurements or scientific scrutiny of the assumptions behind 

extrapolation or interpolation or the base-codes for computer run-ups. In combination all of the 

above contribute to dichotomised positions. Methane emissions in ruminant agriculture is a perfect 

example. 

Currently there are simply too many unknowns in the way that methane cycles through the 

environment. The different ways the CO2 equivalence is calculated provides an unstable base for 

modelling through several complex environmental variables to arrive at highly contested results. 

The science highlighted here should provide sufficient caution to policy makers before acting on any 

blanket approach to methane emissions in ruminant agriculture. Rushed policy changes or on the 

other hand over-long adherence to old conceptions could be counter-productive and miss 

opportunities to optimise climate mitigation. Before even considering charging for emissions, there 

seems to be a lot of scope for improving land stewardship and animal husbandry practices to 

minimise methane emissions, optimise conditions for rapid recycling, improving productivity and 

food quality.   
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