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Stephen Walsh, PhD, is author of ‘Plant Based Health and Nutrition’ and a contributor to ivu-science. We asked Stephen for his views on various controversies related to the role of meat production in global warming.
1. In 2006, the UN’s Food and Agricultural Organisation (FAO) published their Livestock's Long Shadow report which attributed 18% of human produced greenhouse gas emissions to livestock. The year, an article in Worldwatch magazine put the figure at 51% percent. How do you explain this difference between 18% and 51%? Which figure do you think is more accurate?

In terms of greenhouse gas emissions from all use of livestock measured on the standard 100-year time-scale (see the notes at the end of the interview for more explanation about time scale and measurement of greenhouse gases) the FAO estimate of 18% is reasonable on a global scale though there are some arguments that it may itself be slightly too high. The FAO Livestock’s Long Shadow report counted nitrous oxide emissions from animal manure applied to pasture or cropland as a livestock emission. As cropland requires a supply of nitrogen from somewhere (whether synthetic fertilisers, nitrogen-fixing plants or manure) at least part of the nitrous oxide emissions from manure applied to cropland should be assigned to food for human consumption rather than to livestock. The calculation of emissions from deforestation caused by livestock in the Long Shadow report was necessarily approximate and is open to some debate as to the exact contribution of livestock to ongoing deforestation. Since the period on which the report’s calculations were based (2002), fossil fuel use appears to have grown faster than livestock use and tropical deforestation shows some signs of slowing down. Both these changes over time would tend to decrease the livestock percentage of total global warming. However, I think the figure has stood up to scrutiny pretty well and is a reasonable estimate of the relative significance of livestock in global warming.

The 51% estimate in the Worldwatch article rests on four critical assumptions that do not stand up to scrutiny and this remarkable estimate risks bringing both WorldWatch and the authors of the article into disrepute along with any other organisations who rush to endorse it. If there was solid evidence that past estimates of drivers of global warming had been so dramatically miscalculated then the authors would be on the front page of Nature or Science. As they have not produced such evidence, they’re not.

Readers who are not keen on technical detail may wish to skip to my concluding remarks on this question and then continue to the next question as I am about to analyse the Worldwatch article claims in some detail.

The first incorrect assumption is that carbon dioxide (CO2) breathed out by livestock adds to the flow of carbon dioxide in to the atmosphere. This is wrong because if livestock didn’t eat the carbon from the plants and breathe it out other organisms including insects, earthworms and soil bacteria would do so anyway. About 85% of carbon absorbed by plants returns naturally to the atmosphere due to respiration by other organisms and more is lost due to fires and other disturbances to the land. The IPCC give a useful discussion of how carbon absorbed by plants returns to the atmosphere (IPCC Carbon Cycle).

On the Worldwatch blog  on this topic one of the authors of the Worldwatch article, Robert Goodland, responds to criticism of their treatment of animal respiration by saying:
“In fact, we used carbon from livestock respiration as a proxy for carbon absorption foregone in land cleared for livestock and feed production. We did this because it enabled us to reference a published calculation, whereas we found no published calculation for carbon absorption foregone in land.” 

That is, animal respiration is now acknowledged as an arbitrary proxy for something else that the authors couldn’t quantify properly. There is in fact considerable data on carbon sequestration with alternative uses of land and I will return to this later. 
The Worldwatch article argues that methane emissions from livestock should be given higher weight relative to carbon dioxide by considering their relative impact over 20 years rather than over 100 years when calculating the impact of methane emissions in kilograms of CO2 equivalents (kg CO2e). Methane clears from the atmosphere over about 20 years whereas carbon dioxide concentrations change much more slowly so methane has a higher relative impact on the shorter timescale. The choice of timescale is indeed debatable, but the standard used by the Intergovernmental Panel on Climate Change (IPCC) is 100 years and this standard was followed in the FAO report (see also the notes at the end of this interview).

The WorldWatch paper makes its second fundamental error by scaling up the impact of methane from livestock (estimated by the FAO to be about 37% of total methane from human activities) but not scaling up the impact of other sources of methane. This is an indefensible distortion of the figures.

On the Worldwatch blog Robert Goodland comments:
“Second, some readers have commented that our article should have included a re-calculation for non-livestock methane. In fact, the methane re-calculation in our article was built on an amount of livestock methane reported by the FAO. We haven’t yet found a figure for non-livestock methane that we are comfortable using in parallel with the FAO’s figure for livestock methane.”
The FAO Livestock's Long Shadow report itself provided an estimate for non-livestock methane on page 113 and the US EPA report on Non-CO2 Greenhouse gases gives very similar figures for both livestock-related methane emissions and total methane emissions to those from the FAO. All-in-all there seems to be much less uncertainty about non-livestock methane emissions than about most other figures in the Worldwatch article and no excuse whatsoever for not rescaling all sources of methane consistently.

A further incorrect assumption is that the impact of livestock calculated by the FAO can be scaled up based on a 12% increase in the kilograms of livestock foods produced between 2002 and 2009 while other emission sources can be treated as having remained constant. The first problem with this is that the total weight of livestock foods produced is a very poor measure of the greenhouse gas (GHG) impact of livestock as a chicken and a sheep have very different impacts per kilogram of meat. The second problem is that even changes in the estimated numbers of specific types of livestock do not always translate directly to changes in their estimated impact. For example, deforestation attributed to livestock by the FAO report contributes about a third of their 18% total and measuring the extent of deforestation is independent of livestock numbers. The Worldwatch article does not give sufficient detail to justify a revised estimate of livestock impact based on livestock numbers. Most importantly, other studies such as Carbon Budget have shown that emissions from fossil fuels, far from being stable, have been rising by over 3% a year since 2000. This well quantified and rapid increase in fossil fuel use would decrease the relative importance of livestock emissions and is not considered in the Worldwatch article. 
The previous comments regarding estimating global warming impact from the total quantity of livestock products or the total number of livestock also apply to the article’s argument that an adjustment should be made for alternative (higher) estimates of livestock numbers in 2002 than those used by the FAO report. Even if the alternative estimated total were more accurate this would not translate straightforwardly into a reliable new estimate of livestock impact.

The fourth key flawed assumption in the Worldwatch article is that opportunities to absorb CO2 through alternative uses of land that is currently used to feed livestock should be added to emissions from fossil fuels and deforestation and counted as part of the total emissions due to livestock. 
The first problem with this approach is that actual emissions need to be considered separately from opportunities to offset or reduce emissions (of which there are many) and not just added together to give an arbitrary and largely meaningless total. To illustrate the problem, we could argue that the most effective use of land from a global warming perspective is to cover it with solar panels to replace fossil fuel generation of electricity. The reduction in emissions per hectare per year would be about 200,000 kg CO2e compared with about 10,000 kg for reforestation. By adding all the foregone opportunities to reduce carbon emissions to actual emissions we can come to almost any total that we choose making this approach arbitrary and ultimately meaningless.

The second problem is that the Worldwatch article fails to add any other “lost opportunities” to the “emissions” total. As with methane, the article singles out livestock-related issues and does not treat other areas in a consistent way. 
The third problem is that the actual impact of land use change on global warming is complex and involves much more than carbon storage (sequestration) into soil and into large plants such as trees. It also involves impacts on water evaporation and on reflection of sunlight from the land surface (albedo) and altered emissions of methane and nitrous oxide from the land. These other impacts, particularly the albedo effect, mean that converting pasture to forests may have limited overall global warming benefit outside the tropics. Even in terms of carbon stored in soil it is not a case of animals bad and plants good: pasture soils may contain the equivalent of almost 100 tes more CO2 than land used for arable crops or biofuels (Carbon impact of land use). 
However, in tropical conditions converting pasture land to forest in areas where this would be possible should actually be strongly beneficial in terms of global warming. Each hectare of converted tropical pasture land could over about 50 years pull the equivalent of 350 tes of CO2 from the atmosphere (Tropical agroforestry carbon storage). It seems technically possible that about 500 million hectares of tropical land currently used for livestock could be converted to forest. This area is roughly equal to the tropical forest lost over about 40 years (or to the total current area of forest within Brazil). Reforestation on this massive scale could store the equivalent of about 175 billion tonnes of CO2 which is approximately equal to total current fossil fuel emissions for 5.5 years. Putting it another way, such an immense but technically possible level of tropical reforestation could offset about 11% of the current global fossil fuel emissions over the next fifty years. Once the forest is mature it is questionable whether the benefit can be sustained.

We obviously cannot use land both as livestock pasture and forest, but this does not mean that this reforestation opportunity is currently being lost simply due to demand for livestock products. The failure to effectively give financial value to the environmental benefits of forest is arguably a bigger factor in continued tropical deforestation and low levels of reforestation. Demand for timber for fuel and building material is important in initial deforestation and land is often converted to pasture more as a means of gaining legal ownership than as a means of feeding livestock. All this means that while there is a very important opportunity to offset emissions and reduce global warming through tropical reforestation of land currently used for feeding livestock the failure to seize this opportunity cannot be straightforwardly assigned to human use of animals as livestock.

Concluding remarks on World Watch report

All-in-all the Worldwatch article lacks credibility: its conclusion that livestock contribute 51% of global warming emissions is fundamentally flawed in multiple ways. We should continue to use the more defensible and authoritative estimate of 18% from the FAO while bearing in mind that this splits into about 11.5% from emissions directly related to livestock and 6.5% due to Land Use Change (mainly Latin American deforestation) that the FAO report considered to be driven by livestock. It is also worth noting that if we adjusted the FAO figures to use the shorter 20-year timescale (rather than the standard 100-year timescale) and left the rest of their calculations unchanged then the percentage contribution from livestock would rise from 18% to 22.7% (but remember that the choice of timescale is a matter for genuine debate).

2. Some veg activists have questioned the use of Global Warming as a way to convince people to move away from animal based food. These activists’ reasoning is that because the use of certain animals, such as chickens, for food seems to be responsible for lower levels of greenhouse gas emissions, the climate change argument might lead to people eating the same amount of animal based food while merely shifting which animals they eat: http://www.nytimes.com/2009/10/23/world/europe/23degrees.html?_r=2&hpw Does this concern you?

Environmental efficiency in producing meat and milk points to rapidly-growing, largely-confined, early-slaughtered pigs, chickens and (herbivorous) fish and to dairy cows bred, fed and manipulated to produce more milk per cow than could have been imagined even 50 years ago. Lester Brown in Plan B 4.0 (p.235) argues that feeding corn to farmed herbivorous fish could even produce more protein for human consumption than growing soya on the same area of land as the corn.

For anyone concerned with animal welfare, the fact that intensively farmed chickens have a much lower greenhouse gas impact per kilogram of meat than sheep wandering the hillsides is a rather unfortunate observation but it appears to be basically true. The environmental and animal welfare movements have little common ground on human use of animals other than (sometimes) agreeing that it would better if people ate less animal foods. In so far as humans continue to consume substantial amounts of animal foods, the environmental and animal welfare arguments around how to produce this food will often be contradictory.

There is good evidence that we can significantly reduce our environmental impact by replacing almost any animal-derived food with simple plant foods but we should be aware that if our intention is to reduce animal suffering then environmental arguments are a poor substitute for ethical arguments: a purely environmental perspective could lead to increased and intensified animal suffering. The environmental case may complement and reinforce the ethical arguments based on compassion and respect for life but it is no substitute for the ethical case.

3. Are there other climate change concerns/misunderstandings that activists should be aware of?

A standard misunderstanding is to leap straight from the FAO’s estimate of an 18% global impact of livestock to the idea that if someone in North America or Europe switched to a vegan diet they would reduce their global warming impact by around 18%. In fact for a mixture of reasons the likely benefit is closer to 6% (leaving aside the difficult question of the impact of diets in individual countries on global deforestation) compared with the FAO global total of 11.5% (again setting aside land use change).

While people in such rich regions as the USA and EU consume on average twice as many animal-derived calories as the overall global average, the differences in fossil fuel use are even more dramatic. Furthermore, as noted previously, intensive farming of poultry and fish can have a much lower greenhouse gas impact than cattle, sheep or goats roaming extensive pastures. Also, the USA and EU make little use of livestock as work animals and the impact of work animals is included in the FAO’s global figure along with the production of animal foods. Finally, calories from animal foods must be replaced by plant foods which themselves have some impact. 
I recently published in ‘The Vegan’ magazine in the UK an analysis of the impact of different diets in the UK context (UK diet impact). Total emissions relating to UK consumption are probably about 13,000 kg of CO2 equivalents and the impact of changing from an average UK diet to a vegan diet was estimated to be about 750 kg (about 6%; 750/13,000) measured on a 100-year basis or 1,250 kg (about 9 %; 1,250/14,000) measured on a 20-year basis. So a saving of at least 6% of greenhouse gas impact plus the harder to quantify deforestation impacts is a reasonable estimate for the reduction in GHG impact from moving from a USA/UK/EU type diet to a vegan diet.

Another excessive claim that has done the rounds is that a vegan in a large car such as a Sports Utility Vehicle or a ‘Hummer’ has less global warming impact than a meat-eater on a bicycle. This is not true, though a vegan in an electric hybrid car such as a Prius would have slightly less impact than a meat-eater on a bicycle. This was the subject of another article in ‘The Vegan’ (Meat eater on bicycle). This article also discusses the impact of food choices ‘within’ a vegan diet and summarises some other positive lifestyle options with environmental benefits.

4. If you were writing a short flyer, in 120 words or less, how would you summarise the veg argument for why those concerned about climate change should go vegan?

To combat global warming cutting out meat, milk and eggs is as at least as important as moving from a standard car to an efficient hybrid car. Meat-eating is also a key driver of tropical deforestation through pressures to convert land to either pasture or to soya production for animal feed. Keeping farm animals fed is driving us to drain underground water reservoirs. The erosion of water reserves and forest threatens world food security and undermines hopes for an equitable and sustainable future for all. If a climate disaster is to be avoided moving down the food chain to rely more on plant foods is a key part of the solution. 
5. Veg organisations have focused on the role of meat production in human-produced emissions of greenhouse gases. What about the role of milk production and plant food production?

Measured on a 100-year timescale milk has lower global warming impact per calorie than meat from cattle and sheep but similar impact to meat from chickens and pigs. On a 20-year timescale (which puts more emphasis on methane emissions) the impact of calories from milk exceeds that of meat from chickens or pigs.

Field-grown plant foods that are either produced locally or transported by sea without refrigeration have low greenhouse gas impacts provided they are not implicated in deforestation. 
The key plant foods implicated in deforestation are soya and palm oil. While soya production is driven mainly to produce protein for animal feed, soya oil (which is mostly for human use) provides about a third of the market value for soya products. Interestingly, if typical soya protein use by Western vegans was generalised across the world the global demand for soya protein would be halved. The demand for soya oil and palm oil are more problematic and someone aiming to avoid contributing to deforestation should probably avoid these oils. Chocolate is also implicated in forest degradation in some African countries.

I am not aware of an agreed figure for the global impact of plant-food production to compare directly with the FAO’s 18% figure for human use of livestock for food, labour, clothing and fuel. Extrapolating my analysis of vegan diets in the UK diet impact article to the world population of 6.8 billion with an average daily plant food supply per person of 2330 kCal per day gives an estimate of 1,500,000,000,000 kg CO2e per year or about 3.2% of current global emissions. Methane from flooded rice farming (which does not figure in my UK calculation) by itself contributes about 1.5% of current greenhouse gas emissions (compared with about 5% from livestock methane). It seems unlikely that the global impact of plant food production would be less than 5% of global greenhouse gases.

The key uncertainty is how much deforestation should be attributed to production of palm oil and soya to supply food for humans as opposed to meeting demand for biofuels, building materials and food for livestock. 
I would therefore expect plant food production up to the farm gate (ignoring later processing) to contribute between 5 and 8% of global greenhouse gas emissions but I don’t feel able to be any more precise than that. 
The impact of individual plant-based diets can itself vary considerably. Two particular types of plant foods have very high environmental impacts: air-freighted foods and foods grown in heated greenhouses. Refrigeration and packaging can also add significantly to the overall impact of plant foods.

6. Could you please recommend a few web based resources for people who would like to read more on the meat-climate change issue?

The Food and Climate Research Network has extensive material on food and climate change including a paper on meat and climate change.

The Global Carbon Project has excellent material explaining the drivers of changes in CO2 in the atmosphere.

The Intergovernmental Panel on Climate Change (IPCC) has a lot of interesting though technically detailed reports such as IPCC special reports.

Background notes

The main greenhouse gases are carbon dioxide, methane and nitrous oxide. To give a single figure for total impact they are often reported as kilograms of carbon dioxide equivalents (CO2e). To convert kilograms of other gases to CO2e they are scaled based on their relative impact on global warming per kilogram. However, the relative impact depends on the time-period that the impact is considered over. Methane emissions have a very strong impact but one that declines more rapidly so have a higher relative impact on a shorter time-scale than on a longer one. The standard time-scale used by the UN is 100 years and on this scale 1kg of methane is equivalent to about 23 kg of CO2. 
If we take the view that the next 20 years or so will be the make-or-break period for bringing climate change under control then 20 years would be an appropriate period to look at and on this time-scale methane has a relative impact of 72. So if we want to have an impact quickly so as to reduce risk of reaching a catastrophic “tipping point” such as a major ice-sheet breaking up or greenhouse gas release from thawing tundra then methane deserves more attention than the 100-year time-scale would indicate. If we believe that global warming will progress in a steady way without such a catastrophic discontinuity then a longer perspective is more appropriate. The appropriate time-frame is a matter for scientific debate and not as simple as one time frame being objectively right and the other being wrong.

Some of the reports referred to in the interview talk about kilograms or tonnes of Carbon(C) rather than CO2. 1 kg of C is equivalent to 44/12 (3.67) kg of CO2.

There can be a bewildering variety of units. One tonne (t or te) is 1,000 kg (as opposed to a ton which is generally 2,000 pounds). A billion (1,000,000,000) kilograms or megatonne is sometimes referred to as a teragram or Tg (1,000,000,000,000 grams). A billion tonnes is sometimes referred to as a petagram or Pg (1,000,000,000,000,000 grams). Current global green house gas emissions caused by human activity are equivalent to about 47 Pg CO2e or about 13 PgC.

