Will Eating Less Meat (and Ice-Cream) Cool the World?  

Mick Keogh, Executive Director, Australian Farm Institute
Dr Rajendra Pachauri, vegetarian head of the Intergovernmental Panel on Climate Change (IPCC) is doing it. Sir Paul McCartney is doing it. Lord Stern of Brentford (author of the Stern Report on climate change) says we should all do it. Al Gore agrees but hasn’t quite got around to it yet, and Professor Peter Singer, Australian philosopher, vegetarian and animal rights advocate thinks we should all do it. The ‘it’ they are all advocating is to reduce or stop eating meat, and the reason (amongst others) is because they claim meat production is a major source of greenhouse gases, and reducing meat production will lower the risk of dangerous climate change.

The advocacy of influential individuals, such as those listed above, has obviously convinced many in the community that meat production is a major source of greenhouse gases, and the anti-meat bandwagon seems to be quickly gaining new passengers, many of whom are already anti-meat for a range of different reasons, and who obviously see meat’s purported greenhouse footprint as further reinforcement of their views.

Irrespective of an individual’s cultural, health or ethical reasons for not eating meat, the notion that reducing meat consumption will also significantly reduce global greenhouse emissions is not supported by available data and scientific information, including that published by the IPCC. This suggests that those advocating ‘less meat means less heat’ may have allowed their personal beliefs about meat consumption to over-ride objective analysis of this issue.

Greenhouse Emissions from Agriculture and Livestock 

According to the IPCC, agricultural emissions form a relatively small proportion of total global man-made emissions. By far the largest and fastest growing source of emissions is carbon dioxide from the burning of fossil fuels, which in the most recent IPCC report was estimated to be 56.6% of total emissions (IPCC 2007). Direct emissions from agriculture were estimated to be 13.5% of total man-made emissions in 2004, with agricultural emissions being one of the slowest growing sources of emissions over the period from 1990 to 2007. Based on IPCC data, direct livestock emissions are estimated to make up approximately half of total agricultural emissions or around 7% of global emissions.

There are a number of different greenhouse gases emitted from livestock production systems. The most important are methane (belched by ruminants as a digestion byproduct and also a byproduct of manure breakdown), and nitrous oxide (released from fertilisers and animal urine). These two are important because methane has a global warming potential (GWP) of 21 (meaning that a tonne of methane in the atmosphere produces as much warming as 21 tonnes of carbon dioxide over a 100 year period) and nitrous oxide has a GWP of 310 (IPCC 2007). The relatively high global warming potentials of both these gases mean that the production of even relatively small amounts results in significant amounts of emissions when expressed as carbon dioxide equivalents.

The Significance of Emissions from Livestock 

There is, however, considerable debate about the significance of livestock emissions, with a number of recent reports concluding that livestock emissions should be regarded as being much more significant than the IPCC data indicates. Many of these reports rely on different interpretations of what should be included in an inventory of livestock emissions, and also use alternative GWPs in calculating the carbon dioxide equivalent emissions produced by livestock. 

Perhaps the most frequently cited report is entitled ‘Livestock’s Long Shadow’ which was released by the Food and Agriculture Organisation of the United Nations in 2006. That report concluded that globally, livestock emissions amount to approximately 18% of greenhouse gas emissions measured in carbon dioxide equivalents. The following table provides a summary of the estimates of different sources of emissions associated with livestock production, as compiled by the authors of that report.

Table 1: Global livestock emissions.


Source: FAO (2006).

The estimated global annual total of man-made emissions is approximately 40 billion tonnes CO2-e (including landuse, landuse change and forestry), hence the total livestock emissions identified in the above table amount to 17.6% of this figure, with extensive production systems (pasture-grazed livestock) accounting for approximately 13% and intensive systems (feedlots and pork and poultry farms) accounting for the remaining 5%. 

However, the methodology used to derive these figures involves a life cycle analysis (LCA) of livestock production, rather than greenhouse emission accounting as defined by the IPCC. LCA assessments attempt to estimate all the direct and indirect emissions associated with production systems, including all the production inputs, processing, transport and eventual disposal. The LCA technique is useful for comparing emission or energy ‘footprints’ of similar products, but is not used for national or international greenhouse accounting. The reason is LCA can result in substantial double-counting of emissions and requires a large number of assumptions to be made about indirect emissions associated with production systems, for which data is not available.

Because LCA analysis has been used, the table includes data for a range of emissions that are not normally allocated to livestock production, and their inclusion results in a higher emission estimate than would otherwise be the case. Specifically, all the carbon dioxide emissions noted in the above table, the fossil fuels used in the production of fertilisers, and a number of the sources of nitrous oxide emissions are not allocated to agriculture under standard IPCC emission accounting methodology.

Perhaps the most contentious inclusion in the above table is emissions from deforestation and desertification. The implicit assumption is that virtually all the forest clearing that occurs globally each year (particularly in South America) is associated with livestock production. However, detailed studies of landuse change in Brazil (see, for example, Morton et al. 2006) have identified that forest clearing for cropping may be between 20% and 40% of all clearing that occurs each year. Reinforcing this, the area used for soybean production in that country has increased from 11.7 million hectares in 1994 to more than 23 million hectares in 2009. In addition, the expansion of other cropping activities, such as sugar production for ethanol, on already cleared land is indirectly resulting in forest clearing by forcing smaller-scale farmers to move to new areas and to clear trees to provide grazing areas 
for livestock.

A further point to note concerning the above data is that it represents gross, rather than net emission estimates for livestock production, with no account taken of the amount of greenhouse gases removed from the atmosphere each year by the plant matter consumed by livestock. Greenhouse emission accounting methodologies rely on the assumption that the carbon dioxide removed from the atmosphere in pasture growth each year will simply be cycled back into the atmosphere as the pasture dies and decays, and therefore result in no net change in atmospheric greenhouse gases. This may be the case for ungrazed grasslands, but is not the case for farms, where carbon is sequestered in marketable livestock and plant products, and may also be sequestered in the soil under specific management regimes.

There is also a considerable amount of carbon sequestration that occurs on developed-nation farmland which is not included in international emission accounting methodologies. For example, carbon that is sequestered in growing trees on farms, and in particular in forest areas established prior to 1990, is not included in greenhouse accounts. A recent study (Bray & Willcocks 2009), which involved a comprehensive evaluation of the net-carbon position of Queensland beef farms including sequestration by trees (ie total onfarm emissions minus total onfarm sequestration) found the industry to be essentially carbon-neutral, with sequestration by trees growing on farms almost completely offsetting livestock emissions. The authors acknowledged that much of the sequestration occurring is not recognised under international emission accounting rules, highlighting the disparity between measured emissions and real emissions.

Alternative Estimates of Livestock Emissions 

While the methodology used in the above FAO report results in a significant overstatement of the global significance of direct livestock emissions, that overstatement is relatively mild compared to the results of some other analyses of this question. 

For example, a report released by US environmental group The Worldwatch Institute (Goodland & Anhang 2009) concluded that livestock-related greenhouse emissions are 32.6 billion tonnes CO2-e per annum, equivalent to 51% of annual global man-made greenhouse emissions. This analysis used a number of different assumptions to inflate the FAO results referred to earlier, with all of these assumptions being highly questionable, and not supported by IPCC emission accounting methodologies. Two assumptions in particular are worth highlighting to demonstrate the extent of exaggeration in this analysis. 

The first is the assumption that carbon dioxide released in livestock respiration is a net source of greenhouse emissions, equivalent to almost 14% of global emissions annually. As a large number of other authorities (including the FAO, the IPCC, and more recently Pitesky et al. 2009) have pointed out, carbon-dioxide exhaled by livestock is derived from plant matter that has grown by fixing carbon dioxide from the atmosphere, and is therefore effectively emissions-neutral and should not be counted as a source of emissions. Even leaving aside this argument, if these emissions are to be counted then the sequestration that occurs annually in growing pastures and livestock feed production should also be counted. The fact that the Worldwatch report did not take this approach highlights the inherent bias in the analysis. 

In defending their approach, the Worldwatch authors argued that ‘livestock are a human invention and convenience, not part of pre-human times’. The notion that livestock are a human invention might surprise a lot of evolutionary scientists! This logic also raises questions about how emissions arising from current and pre-agricultural populations of buffalo, wilderbeests, and native sheep, goat and cattle should be treated, as well as similar questions about emissions arising from human respiration.

A second assumption used by the Worldwatch authors to boost the apparent significance of livestock emissions is the use of a higher, short-term GWP factor for livestock methane in converting to carbon-dioxide emission equivalents. By using a GWP of 72, instead of 21 as utilised in international emission accounting standards, the result is a tripling of the apparent significance of livestock methane as a contributor to global warming. The authors argue the use of 72 as the GWP factor is appropriate, as it reflects the warming potential of methane compared to carbon dioxide over a twenty year period. Scientists (including the IPCC) agree that over a twenty year period methane has 72 times the warming potential of carbon dioxide, but point out that methane only stays in the atmosphere for 8–12 years, whereas carbon dioxide persists for over 100 years, and continues to contribute to warming for that entire period.

Using the 20-year GWP factor for methane is a bit like comparing repayments for a one year and a ten year principle-and-interest $1,000 bank loan, and concluding that the ten year loan is best because the first year’s repayments are lower. It ignores the legacy impact of carbon dioxide in the atmosphere long after the methane has broken down. Interestingly, the Worldwatch authors only inflated livestock methane estimates using the GWP of 72, and did not use the higher GWP to also inflate the apparent warming impact of non-livestock methane emissions. This would, of course, have had the effect of increasing total global emissions and thereby reducing the apparent significance of livestock emissions – clearly contrary to the author’s objective.

Perhaps not surprisingly, the conclusions of the Worldwatch analysis appear to have been enthusiastically taken up by many, who for a variety of reasons are active campaigners against the consumption of meat. These include Professor Peter Singer (2009) and, animal rights campaigner, Geoff Russell (2009). 

A more recent and peer-reviewed analysis of the significance of livestock-related greenhouse emissions (Pitesky et al. 2009) reached dramatically different conclusions to either the FAO or the Worldwatch analyses. The Pitesky paper highlights many of the weaknesses in the FAO analysis, and in particular criticises the fact that LCA analysis (including both direct and indirect emissions) was used to calculate total livestock emissions, and these were then compared with only the direct emissions arising from other economic sectors. Specifically, the FAO analysis estimated the ‘farm to fork’ emissions associated with all aspects of livestock production, and then compared those with only the direct fuel emissions associated with the transport sector, to support a claim that livestock emissions are more significant than transport emissions. This ignores all the indirect emissions associated with the transport sector, such as emissions from metal mining and refining, rubber production and refining, vehicle and component manufacture, road-making, oil drilling, fuel refining, vehicle repairs, all of which should be counted against the transport sector if the desire is to compare emissions associated with these two sectors on a comparable basis.

The Pitesky paper also argued that attributing deforestation emissions to the livestock sector is misleading, especially for livestock industries in developed nations such as the USA or Australia, as in many instances the area of land being used for livestock production has actually decreased over recent decades, and there is no recognition of the resultant sequestration occurring in these areas, or as a consequence of tree growth on farmland. In Australia’s case, the total area of farmland used for livestock production has declined from 447 million hectares in 1990 to 394 million hectares in 2007–08 (ABARE 2009), but the sequestration occurring as trees grow on this area of land is not recognised in national emission accounts. 

The Pitesky paper concluded that, in the case of the US livestock industry, net livestock industry emissions may actually be as low as 3% of national emissions, a conclusion not dissimilar to that reached by Bray and Willcox (2009) in the case of the beef industry in Queensland.

Would Less Livestock Mean Lower Atmospheric Methane Concentrations?

Leaving aside arguments about appropriate emission calculation methodologies, a further question for consideration is what would eventuate if all the ‘Meatless Monday’ and ‘Less meat means less heat’ campaigns resulted in a reduction in demand for livestock products. 

In Australia’s case, it would likely mean a reduction in land utilised for livestock production in northern Australia and in lower rainfall areas, and an intensification of crop production in southern Australia. This is because Australian beef and sheep production is predominantly pasture-based, and utilises areas of land unsuited for crop production. The same applies for many countries, especially in South America. Ruminants are by far the most efficient converters of the low quality plant matter produced in these areas into protein. Both the reduction in livestock numbers and the intensification in crop production would have negative greenhouse emission implications, even though national emission accounts may not reflect them. In northern Australia, for example, the removal of domestic livestock from large areas would result initially in a build-up of carbon stocks in pastures and shrubs, but would subsequently result in increased carbon dioxide emissions from bushfires and methane emissions from termites, which would replace livestock as the main decomposers of vegetation. Emissions from either of these would be unlikely to be reflected in national emission inventories, despite the reality of their contribution to global atmospheric greenhouse gas concentrations.

Perhaps the most critical issue in discussions about livestock emissions, however, is the resultant trends that may occur in global atmospheric concentrations of the various emissions associated with the sector, in the event of changes in livestock production. There would be little point in decreasing livestock production unless it leads to reduced atmospheric concentrations of greenhouse gases. The most important gas, clearly, is methane, especially given that ruminant livestock such as sheep, cattle and goats are present in large numbers in many countries, and are regarded as being significant sources of methane. 

Global atmospheric methane concentrations are thought to have ranged from 190 to 280 parts per billion (ppb) until 200 years ago, when they commenced a steady rise to present levels of about 1,700 ppb. However, recent data highlights that atmospheric methane concentrations have remained relatively stable since 1990, despite continuing increases in global livestock numbers (see Figures 1 and 2). A soon-to-be-published paper (Quirk 2010) highlights that trends in global atmospheric methane concentrations (both the rapid increases over recent decades, and the subsequent stabilisation of concentrations since the 1990s) indicate that atmospheric concentrations appear to be heavily influenced by volcanic eruptions and leaks in (and repairs to) natural gas pipelines. Natural variation due to rainfall and temperature variations (Dlugokencky et al. 2009) in different regions of the globe are also believed to be a major factor in atmospheric methane concentrations. Both papers note the great uncertainty that exists about atmospheric methane fluxes, and available data shows virtually no correlation between global livestock numbers and atmospheric methane concentrations. This strongly suggests that livestock methane emissions are only a very minor driver of atmospheric methane levels and even if the ‘Less meat means less heat’ campaign did result in reduced global ruminant livestock numbers, there is little likelihood that it would make any real difference to atmospheric methane concentrations.

A final point to note on this issue is the narrow focus by activists on meat consumption as the major driver of the increase in ruminant livestock numbers and therefore methane emissions. This focus on meat is curious, given available statistics which show that global dairy production has increased just as rapidly as meat production during the last fifty years. This means that dairy products should be just as much a target as meat is, if the real objective is to reduce emissions from livestock. Perhaps the dairy industry has been ignored because ‘less ice-cream means less heat’ or a ‘no dairy Wednesday’ might be harder to sell to consumers, especially in Dr Pachauri’s home country of India which has the world’s largest national cattle herd, and rapidly increasing levels of per capita dairy consumption by its non-meat eating inhabitants.

Figure 1: World domestic ruminant livestock populations.
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Source: FAO (2009).

Figure 2: Atmospheric methane concentrations at Cape Grim, Tasmania (parts per billion).
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Source: NOAA Earth Systems Research Laboratory, accessible at http://www.esrl.noaa.gov/gmd/ccgg/iadv 
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