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Preface

This report is the collaborative effort of individuals at the Universities of Oxford,
Aberdeen and Cambridge in the UK; Wageningen University in the Netherlands; the
Centre for Organic Food and Farming (EPOK) at the Swedish University of Agricultural
Sciences (SLU); the Research Institute of Organic Agriculture (FiBL) in Switzerland;
and the Commonwealth Scientific and Industrial Research Organisation (CSIRO),
Australia. All the participating organisations contributed intellectual and financial
support to the project. The project was led by the Food Climate Research Network at
the University of Oxford.

The work is motivated by our desire to provide clarity to the often highly polarised
debate around livestock production and consumption, and the merits or otherwise
of different production systems. At its most extreme, we see an opposition between
those who view grazing ruminants as cause of (most of) our planetary woes, and
those who believe the exact opposite, arguing that ‘grassfed’ cattle offer a route to
environmental - including climatic - salvation. Of course most people do not hold
these extreme views but many, including those with influence, are also somewhat
confused. Should we eat meat and other animal products? Or should we not? If we
do, is beef bad and chicken better? Or is it the other way round? Is grassfed good for
the planet or bad?

Ultimately in the context of planetary boundaries on the one hand and the need for
human development (in its widest sense), the ‘big question’ that needs answering is
whether farmed animals fit in a sustainable food system and if so, which systems and
species are to be preferred. This report does not address this enormous and difficult
question, particularly if sustainability is defined in its proper and widest sense. But by
exploring a smaller one - the role of grazing ruminants in contributing to, or mitigating
climate change - we hope to contribute some of the sub-structural knowledge we
need if the big question is, ultimately, to be answered.

While this is a long and detailed report, it is accompanied by shorter summaries in
different formats. We hope its conclusions will reach a wide audience, including those
- policy makers, the food industry, civil society and other opinion formers - who
ultimately have the power to shape the future of the food system.
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Introduction

Ruminants get a bad press in the environmental literature, the
popular media and, increasingly, the public imagination. They
emit large quantities of methane, use vast tracts of land, and are
held responsible for a host of environmental ills, most notably
climate change, deforestation and biodiversity loss, as well as
the pollution of soils, air and water. Beef is bad, it is argued.

Box 1: What are ruminants?

The word ‘ruminant’ comes from the Latin ruminare, which means ‘to chew over
again’.

Ruminants are mammals which are able to obtain nutrients from ligno-cellulosic
rich plants by fermenting them before they are digested, with the aid of microbes
in their specialised, four-compartmented stomach. The animals begin by partly
chewing a saliva-lubricated mass of grass or vegetation. They swallow it, and the
food passes into the large rumen. Muscle action there churns it with microbes,
which then begin fermenting the food. When microbes break down and digest
carbohydrates they generate fatty acids, nutrients which the ruminant can absorb
into its blood through the rumen walls. During this metabolic process, hydrogen
is produced, which is subsequently incorporated into methane (CH,) which the
ruminant eructs or burps - this is enteric fermentation.

This whole process has the effect of breaking food down into clumps, or cuds,
both in the rumen and in the second compartment, the reticulum. The animal then
regurgitates these cuds, chews again, swallows again and so forth. This repeated
process creates a larger surface area for the microbes, who continue digesting
the food and extracting nutrients. Once this process is complete, the nutrients
pass through to the third stomach compartment, the omasum, which breaks
down the nutrients some more, and finally the abomasum which functions much
like a monogastric stomach, using enzymes to further digest the food. Note that
fermentation in the hindgut (i.e. intestines) also contributes a little (generally less
than 10%) to enteric methane emissions.

The advantage of this process is that ruminants are able to digest coarse
cellulosic material such as grass, husks, stalks and so forth, which monogastric
animals such as pigs, poultry and people cannot. The disadvantage is of course
that they generate methane emissions.

There are, of course, many kinds of farmed ruminant animals, from cattle through
to sheep and goats as well as minor species, such as llamas and camels. Cattle
are however by far the most important species as to numbers, impacts and food
output.

© FCRN i® 2017
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If beef (and, logically, milk) is bad, then several courses of action present themselves.
One approach, generally favoured by policymakers and intergovernmental institutions,
is to manage the damage. Since growth in the livestock sector is seen to be not only
inevitable but desirable for the economy, jobs and nutrition, then the obvious way
forward is to make ruminant products a little less bad, environmentally speaking.

This is to be achieved via intensification: for example by improving feed crop and
animal breeding, optimising feed formulations, and by reducing the amount of land
animals use, either by confining them in production units or by intensifying pastures.
The extensively reared ruminant - which predominantly feeds on grass - is the most
problematic of creatures since its productivity is low in relation to the land and feed it
requires, and the volume of gases it emits per unit of meat or milk output is great. So, if
we are to eat ruminant products, let them be the products of intensive systems. Better
still, the growing preference for monogastric products (pork and poultry meat, and
egygs) is to be encouraged since these animals emit much less methane and use far less
land per unit of livestock product over their production cycles.

An alternative approach, which tends to be popular with the environmental and animal
rights movements is to cut back on eating animal products altogether. If we humans
were to eat plants directly, rather than first passing them through an animal, less land
and fewer inputs would be needed to feed our growing global population numbers
and - crucially - fewer climate-warming gases would be emitted. Grazing lands now
used for ‘inefficient’ livestock production could be used for bioenergy production

or afforested or rewilded - yielding carbon sequestration and other environmental
benefits. Many additional arguments (not discussed in this report - see Box 2) are
often brought to bear around the unhealthiness of meat, the abuse of farmed animals
and so forth.

Let us eat pigs, or poultry, or plants... but not everyone agrees with these
representations of the situation nor with the solutions proposed. While they vary
widely in their views, a sizeable sub-section of the research and civil society
communities fear that simplistic conclusions of the ‘all beef is bad, and extensively
reared beef is the worst’ variety may lead to perverse outcomes.

For these stakeholders, the first approach, with its industrialised vision of
environmental sustainability, is deeply problematic for diverse reasons, including for its
impacts on animal welfare, the concentrated corporate power structures it embodies
and perpetuates, the large amounts of human-edible feed that are used, its failure to
take account of poor people and their production systems and perhaps because of

a more visceral unease with the ‘unnaturalness’ of these production systems. As to
the second approach, stakeholders of the third perspective argue that people are not
going to stop eating animal products any time soon. The nutritional importance of
these foods needs recognising too; and while the affluent may certainly need to eat
less, for this third set of stakeholders the priority is to ensure that whatever we do eat
is ‘better’,? across various dimensions of sustainability. Those within the international
development community, who share at least aspects of these views, also place strong
emphasis on the importance of livestock production as a provider of livelihoods -

I Gerssen-Gondelach, S. J., Lauwerijssen, R., Havlik, P, Herrero, M., Valin, H., Faaijd, A. and Wicke, B. (2017).
Intensification pathways for beef and dairy cattle production systems: Impacts on GHG emissions,
land occupation and land use change, Agriculture, Ecosystems & Environment, 240(1), http://dx.doi.
org/10.1016/j.agee.2017.02.012.

2 Eating Better, n.d. Q&A [online]. http:/www.eating-better.org/learn-more/g-a.html (accessed 11.7.17).
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particularly for poor people in low income countries, but also among rural communities
in the affluent West. The reality is that some of the world’s most vulnerable people,
including the world’s 200 million pastoralists,® rely on animal keeping for their living:

as a source of income; for the nutritional value of meat, milk and eggs in diets that

lack diversity (of particular importance for children and pregnant women); for

their traction, and as one of many strategies people adopt for spreading risk and
maintaining financial security. Among mixed crop-livestock systems - that still produce
the dominant share of meat and milk output (Section 1.2) - livestock recycle nutrients
and organic manure within the farm system. The centrality of livestock keeping -

and of meat or milk consumption - to traditional cultures and identities may also be

highlighted.

This is where the grassfed ruminant starts to play a central but contested role in
discussions. Most academic studies conclude that ruminant products are the most
emissions-intensive of all animal products, and within ruminant production systems,
extensively reared are the worst. But advocates of the third perspective find this
conclusion too simplistically based on a narrow set of metrics - such as GHG emissions
per unit of meat or milk output. They highlight instead the metabolic miracle that

is the rumen, pointing out that cattle and other ruminants can be reared on land
unsuited to other food-producing purposes and on by-products, and that in mixed
farming systems the animals recycle nutrients and re-fertilise soils with their dung,
thus fostering a new generation of crops and pasture. In other words, this approach
to animal husbandry prioritises the effectiveness of resource use, rather than the
simple ‘efficiency’ of its use,” and has variously been called a ‘livestock on leftovers,
‘ecological leftovers’, ‘default livestock,” or ‘consistency’ strategy.>®’

A more extreme position - drawn particularly from the ranching and alternative
agriculture communities - goes further still to argue the case for ruminant production
on the very narrow terms of GHG emissions alone.?° In other words, leaving aside
claims about the broader environmental and societal dimensions of grazing ruminant
production, these advocates argue that traditional wisdom has got its GHG sums
wrong , because it has only part-completed the equation. Ruminants may emit GHGs,
but by grazing untilled land, ruminants not only keep carbon from being released in
well-managed systems, they even help sequester it. Additionally their manure acts

Rota, A. and Sperandini, S. (2009). Livestock and pastoralists, Livestock Thematic Papers. Rome, Italy.

Garnett, T., R66s, E. and Little, D. (2015). Lean, mean, green, obscene...? What is efficiency, and is it
sustainable? Food Climate Research Network, University of Oxford.

Garnett, T. (2009). Livestock-related greenhouse gas emissions: impacts and options for policy makers,
Environmental Science & Policy, 12(4), pp. 491-503.

Fairlie, S. (2010). Meat: a Benign Extravagance, Permanent Publications, UK.

7 Schader, C., Muller, A., El-Hage Scialabba, N., Hecht, J., Isensee, A, Erb, K.-H., Smith, P., Makkar, H.P.S.,
Klocke, K., Leiber, F., Schwegler, P, Stolze, M. and Niggli, U. (2015). Impacts of feeding less food-
competing feedstuffs to livestock on global food system sustainability, Journal of the Royal Society
Interface, 12(113).

Sustainable Food Trust (2014). An open letter to George Monbiot [online].
http://sustainablefoodtrust.org/articles/george-monbiot-allan-savory/ (accessed 8.6.17).

Sustainable Food Trust (2015). What role for grazing livestock? [online].
http://sustainablefoodtrust.org/articles/role-for-grazing-livestock-red-meat/ (accessed 8.6.17).

Land Stewardship Project (2016). Carbon, Cattle & Conservation Grazing [online].
http://landstewardshipproject.org/posts/838 (accessed 8.6.17).
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as a substitute for energy intensive synthetic fertiliser inputs in mixed crop-livestock
systems, also leading to avoided emissions. As such, grazing systems are an essential
aide to achieving the ‘negative emissions’ we need if we are to meet our global
climate goals. A distinction should, moreover, be made (they argue) between the
climatic effects of fossil fuel-generated carbon dioxide and those of biogenic methane
emissions - particularly since wild ungulates also produce methane, and so our farmed
ruminants are simply replacing those that we have hunted to extinction.

Indeed, a move away from grass-based ruminant production could (the argument
continues) actually make climatic matters worse rather than better. The global shift
towards diets rich in commodity oils, grains and sugars will trigger the ploughing of
pastures with all the attendant ills - in the form of soil carbon release and biodiversity
loss - that this entails. Moreover, it is the consumption of arable-based foods

rather than of ‘wholesome’ animal products, that drives obesity and micronutrient
deficiencies.">¥* Eating relatively more grassfed rather than /ess grassfed beef is

in fact, not just compatible with, but essential to achieving a low emitting, healthy
sustainable food system - and little or nothing is said about the need to cut down on
the absolute quantities we consume.

Clearly, this short overview oversimplifies matters, and there will be many gradations of
opinion, but it does delineate the parameters of what is often a heated and polarising
debate.

The bones of the dispute are summarised in Table 1.

The purpose of this report is to investigate a subset of these arguments in more
detail: specifically the role of ruminants in grazing systems in the net GHG balance.
Do ‘grassfed’ systems hold potential to help address our climate problems, or is their
overall contribution damaging?

There are of course many other ethical, nutritional and livelihood related arguments that
can and should be explored to gain understanding of the benefits and costs of grazing
systems (see Box 2), but this report limits itself just to the question of GHG emissions
and removals since the climate question is central to discussions on the sustainability of
food systems - and complex enough as it is. A separate report will be produced which
assesses the implications of grassfed ruminant production for biodiversity.

Chapter 1 provides some definitions - and shows the difficulty of so doing. It looks at
the systems of animal production that exist, how much food they provide and how
they are changing. What is a ‘grassfed animal’ or, more accurately, a grazing system?
What is grazing land, how does it relate to grassland, and how much is there?

" Sustainable Food Trust (2017). Understanding fats [online].
http://sustainablefoodtrust.org/articles/understanding-fats/ (accessed 11.7.17).

2" Young, R. (2014) The fat of the land: Eating red meat [online]
http://sustainablefoodtrust.org/articles/red-meat/ (accessed 11.717).

Paleo Leap (2017). Paleo, Meat, and the Environment [online].
https://paleoleap.com/paleo-meat-environment/ (accessed 11.7.17).

“ Rodgers, D. (2016). Eating Paleo Can Save the World [online].
https:/robbwolf.com/2016/01/13/eating-paleo-can-save-the-world/ (accessed 11.7.17).
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Table 1: The bones of the dispute.

Area of contention Argument

[y The balance Ruminants are a major

o3 between source of GHG emissions,

‘:. greenhouse gas particularly carbon

= (GHG) emissions dioxide (CO,) via land

ey and removals. use change, methane

2 (CH,) and nitrous oxide

] (N,O); any soil carbon

3 sequestration arising is

< small, uncertain, time-

- limited, reversible and
difficult to verify.

g The importance CH, is a particularly

= of methane as a potent GHG and

‘s  contributor to the ruminants are significant

e climate problem. contributors

; The role of the Livestock gre a source

) nitrogen cycle. of N,O, a highly potent

o~ GHG.
More broadly, efforts to
sequester carbon risk
incurring increases in
nitrous oxide emissions.
Livestock do not add
any new nutrients to the
land, but rather introduce
an additional very leaky
cycle.

in Grazing systems Ruminants in grazing

o and their role in systems occupy a large

- land use (LU) and land area and have

= land use change historically caused LUC

O (LUC) as compared and associated above/

8 with intensive below ground carbon

;:3 monoculture crops release. Plant-based diets

and grainfed intensive
livestock systems use
less land and so cause
less damaging land use
change.

and monogastric
systems; the
historical role of
ruminants on the
land

Counterargument

Ruminants in well-managed
grazing systems can sequester
carbon in grasslands, such that
this sequestration partially or
entirely compensates for the
CO,, CH, and N, O these systems
generate.

CH, has a short life span; CO,
from burning fossil fuels is a
greater concern for permanent
warming and shifts the balance
of culpability onto CH, ‘efficient’
but fossil-fuel dependent
intensive systems Historically
wild ruminants roamed on many
grasslands, producing CH,.
Farmed ruminant emissions
need to be seen in the context
of this historical baseline count.

Livestock play a vital role in
recycling nutrients - including
nitrogen - and make them more
available for plants to take up,
thus fostering a new generation
of plant growth.

Many grasslands are the natural
climax vegetation and not suited
to cropping. Crop production

- for human food and intensive
animal feed - increasingly

drives land use change, and
encroaches onto carbon-storing
pastures.

The subsequent four chapters form the heart of the report. Chapter 2 briefly
summarises mainstream scientific understanding about the livestock sector’s
contribution to GHG emissions, focusing particularly on ruminants and those reared

in grazing systems. This sets the scene for Chapters 3, 4 and 5 which examine the
evidence that stakeholders use to counter this mainstream narrative of high ruminant-

attributable emissions.
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Box 2: Livestock and the bigger picture - what this report does
not focus on

This report narrowly focuses on one guestion: the role of domestic grazing
ruminants in the net greenhouse gas balance. But of course the rearing of
livestock, both those in grazing systems and those that are not, positively

and negatively affects people, society, the economy, and other aspects of the
environment, as well as the animals themselves in a huge number of other ways.
We list here just some of the important issues this report does not explore:

«  Human nutrition, animal source foods and the multiple pathways linking
production to consumption and nutritional status

¢ Health: zoonotic diseases (endemic and epidemic), food safety, water
pollution, and antibiotics resistance

«  Gender and the links with (different types of) livestock keeping, markets,
income and household spending, nutrition and intra-household distribution
of food

«  Jobs, livelihoods, economic development, power and gender: including
production, financing, risk spreading, marketing, intra-household distribution,
and changing structures of production

«  Culture, identity and tradition: ideas about the mutability/inalienability or
otherwise of these

 Animal ethics: animal rights, animal welfare
«  Biodiversity and its extrinsic and intrinsic value

« Hydrology: land use and water catchments, water footprints, and water
pollution

e Other forms of environmental pollution

Each one of them is itself the focus of detailed, often contradictory research and
of claims, counterclaims and contestations. ‘Facts’ are quoted and assertions
made which do not bear closer scrutiny or at best need nuancing and qualifying.
To do justice to any one of these issues would require analysis at least as lengthy
as what we have undertaken here for greenhouse gases - which is why we have
chosen to limit our scope.

Chapter 3 considers if and how grazing systems could sequester soil carbon and
therefore contribute to GHG mitigation, and if so by how much. Chapter 4 examines
methane and nitrous oxide emissions - both of which make important contributions
to the overall carbon footprint of ruminants. First, it asks whether methane’s shorter
atmospheric life span should modify our assessment of ruminants’ contribution to
climate change; next, it considers how the dynamic interactions between the carbon
and nitrogen cycles further affect judgements about the net potential afforded by
soil carbon sequestration and the role of ruminants in recycling nutrients within the
system. Chapter 5 looks at past, present and emerging dynamics of land use change
to assess the respective roles of grazing animals versus intensive food and feed crop
production in contributing to above- and below-ground carbon release. Chapter 6
draws some conclusions and offers some suggestions for further research.
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1. Grassfed cattle, grazing lands and their
variants: definitions and trends

Key points

«  Ruminants are animals that can digest coarse cellulosic material, such as
grass. A consequence of this is that they also generate methane emissions.

*  Ruminants can be reared in many different systems across the world but
they are most commonly reared in mixed crop-livestock systems, followed by
grazing systems.

*  However there is huge variation within these system classifications, making
hard and fast definitions difficult. This also makes it hard to draw conclusions
about the merits of one system over another, unless hedged with caveats and
qualifiers.

e There is no official definition of ‘grassfed’ beef or milk.

«  Ruminant milk and meat contributes 13 g protein/person/day - about half
of the world’s terrestrial animal protein supply (27 g protein/person/day), or
just over a third of animal protein supply if sources from aquaculture are also
included.

*  Grazing systems currently account for only a fraction of overall animal protein
supply globally at about 1 g/person/day. The potential output could be higher
though and is discussed further in Chapter 5.

e Grasslands play a significant role in mixed crop-livestock systems as well: as
such the contribution of grasslands to human protein supply is higher but
difficult to estimate, and complicated by the fact that animals in these systems
may also be fed grains as well as agricultural by-products.

e Grasslands are among the largest ecosystems in the world, occupying
between 20-47% of the land area. The large range reflects, among other
things, difficulties of obtaining accurate data, different methodologies
(remote sensing versus ground surveys) and different ways of defining and
distinguishing between different vegetation types.

* Distinctions are generally made between natural grasslands (also referred to
as rangelands), semi-natural grasslands and improved grasslands or pastures.

* Livestock systems are transforming across the world, with a strong shift
towards intensification and particularly rapid growth in pig and poultry
production. These changes have major implications for future livestock
emissions, both those that are direct and those that arise from land use
change.

*  Notwithstanding these rapid transformations, traditional, often subsistence,
livestock production continues in many low income countries.
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Various words tend to be used over and again in discussions about animal farming:
intensive, extensive, grassfed, grainfed, industrialised. For the most part, they are used
without being defined, the assumption being that the meaning is clear.

Yet these words have no hard and fast definitions; the boundary between a system
viewed as intensive versus extensive may shift according to agro-ecological zone,
livestock type, over the life course of the animal itself and of course what it is one is
being intensive or extensive with. Is it fossil fuels? Technology? Labour? Land? (Garnett
et al. 2015 provide a more detailed discussion).”” This fluidity makes it hard to form
categorical judgements about the merits of one system over another, unless bounded
with more specific detail.

Nevertheless, a number of formal classification systems have been developed, which
are used by organisations such as the FAQO. This chapter starts with a short overview
of the one that is most commonly used. It then goes on to focus on the land base that
supports ‘grassfed’ beef and milk production: the grazing lands themselves. What are
they, how much of them are there, how are they changing and what do these changes
mean for our understanding of the environmental role that grassfed animals play?

1.1 Some livestock system classifications

Livestock can be reared in many different systems. Various attempts have been made
to provide classifications, which may differentiate according (for example) to: the
extent to which livestock are integrated with crop production, the animal type, feed
source or agro-ecological region.®”

Seré and Steinfield’s’® method of categorisation is perhaps the most well known and
most frequently adopted (Table 2). These authors categorise ruminant and non-
ruminant livestock production into 11 main systems which fall broadly into the following
three main categories:

Mixed crop-livestock systems: Most of the ruminant meat and milk produced globally
comes from these systems, but as a category it is the least precise. Mixed systems

are those in which either less than 90% of the dry mattert fed to animals comes from
grass (with the remainder variously coming from crop by-products, residues,® ley crops
and feed grains), or (incorporating an economic dimension here) more than 10% of

the total value of production comes from non-livestock farming activities. Clearly, a
farm where livestock obtain 89% of their feed from grass and 11% from commercially
prepared feeds; and one where 89% of the feed source consists of commercial feeds
and crop residues and only 11% from grass will be hugely different. Both, though, are
technically mixed systems.

Garnett, T, R606s, E. and Little, D. (2015). Lean, mean, green, obscene...? What is efficiency, and is it
sustainable? Food Climate Research Network, University of Oxford.

Steinfeld H., Wassenaar T,, and Jutzi S. (2006). Livestock production systems in developing countries:
status, drivers, trends. Rev. sci. tech. Off. int. Epiz., 25 (2), pp. 505-516.

Seré C. and Steinfeld S. (1996). World livestock production systems: current status, issues and trends.
FAO Animal Production and Health Paper 127. Food and Agriculture Organisation, Rome.

Seré C. & Steinfeld S. (1996). World livestock production systems: current status, issues and trends. FAO
Animal Production and Health Paper 127. Food and Agriculture Organisation, Rome.
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t Dry matter is what
remains after the water is
evaporated out of a feed.
Fresh grass has high
water content and will
have a lower percentage
of dry matter than an
equivalent weight of dry
feed. Dry matter is an
indicator of the amount
of nutrients available to
the animal in a feed.

Residues are the forage
remaining on the land
after harvest.
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Moreover, integration with the cropping system can occur at different spatial scales.
Animals may be reared on a farm that grows various crops and rears different

animal types; or a farmer may specialise in one species only and source feed from
neighbouring farms. But even if the farm itself is mixed, the animals may well
additionally consume feed inputs that come from distant regions. Rarely will the farm
operate an entirely closed nutrient loop: feeds or fertilisers will have been produced
elsewhere, potentially causing nutrient deficits in one area and surpluses in another.
Knowing these details is essential if one is to draw informed conclusions as to the
environmental impacts.

Mixed systems may be subdivided further into rainfed or irrigated systems. Mixed
temperate-region farms tend to be more productive than those in arid areas, partly
because of climate and partly because wealthier countries, who are usually located in
temperate zones, generally use more inputs.

Table 2: Definitions of grazing, mixed and landless systems
(Seré and Steinfeld, 1996)

Mixed farming systems Solely livestock systems

Either more than 10%

of the dry matter fed to
animals comes from crop
by-products or stubble,t or
more than 10% of the total
value of production comes
from non-livestock farming
activities.

More than 90% of dry matter fed to animals comes from
rangelands, pastures, annual forages$ and purchased
feeds and less than 10% of the total value of production
comes from non-livestock farming activities.

Grassland-based systems

(also called grazing
systems)

Landless livestock
production systems

Less than 10% of the dry
matter fed to animals is
produced on the farm,
and annual average
stocking rates are above
10 temperate livestock temperate livestock units
units? per hectare of per hectare of agricultural
agricultural land. land.

More than 10% of the dry
matter fed to animals is
produced on the farm and
annual average stocking
ratesf are less than 10

Landless systems: Often referred to as grainfed, intensive, industrialised or confined
systems, these attract much criticism by environmental and animal welfare groups -
but for the livestock industry they represent the apotheosis of environmentally efficient
farming. Landless farms are livestock only systems in which less than 10% of the dry
matter fed to animals is farm-produced and annual average stocking rates are above
10 temperate livestock units per hectare. Feed is commercially prepared and consists
of cereals and oilseed based proteins. However even intensively reared ruminants may
spend the first 6-8 months of their life on grass, and once confined may be fed grass

in the form of silage. Animals in mixed systems may also be reared in confinement and
can be found at all scales of production.

Grazing systems: These, of course, are specific to ruminants only. In these systems
more than 90% of dry matter fed to animals comes from rangelands, pastures, annual
forages and purchased feeds and less than 10% of the total value of production comes
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T The stubble is the basal
portion of the stems
and leaves of plants that
are left standing after
harvest.

§ Forage is the edible
part of plants, other
than separated grain,
which provides feeds for
grazing animals or which
can be harvested as feed.

f A stocking rate is the
relationship between
the number of animals
and the total area of the
land in one or more units
utilized over a specified
time. Where needed, it
may be expressed as
animal units or forage
intake units per unit
of land area over time
(animal units over a
described time/total
system land area) (Allen
et al., 201).

A livestock unit

(e.g. Livestock Unit,
Temperate Livestock
Unit, Tropical Livestock
Unit) is a reference

unit that facilitates

the aggregation of
livestock from various
species and age, via

the use of specific
coefficients established
initially on the basis of
the nutritional or feed
requirement of each
animal type. These
coefficients may vary by
region, but a beef animal
is about 0.7 and a sheep
or goat about O.1 Tropical
Livestock Units (TLU).
The TLU of a dairy cow is
higher than both of these
since she has higher
nutritional requirements.
So, for example 1 cow
(TLU=0.7) and 4 sheep
(TLU=0.1) are equivalent
to 1.1 Tropical Livestock
Unit (1*0.7+4*0.1=11).
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from non-livestock farming activities. The remaining 10% of the diet can come from
supplementation. For example in the dry season animals may be given hay, molasses
or other supplements.

This broad definition encompasses huge variations - from animals grazing on sparse
scrubby grass in sub-Saharan Africa, through to Irish cattle reared on lush pastures
that have been sown with a grass-clover mix and boosted with fertilisers. As noted,
livestock may start in a grazing system and be finished in a confined unit. In some
climates, animals need to be kept indoors for some parts of the year.

What about ‘grassfed’?

There is much popular noise about ‘grassfed’ but no official government standards
exist - while the USDA did develop one it revoked it in 2016.° Some private labels
operate but they vary considerably in their rigour. The UK’s Pasture for Life Standard?°
is at the stricter end, requiring that animals be 100% grazed, prohibiting the use of
supplementary grains and proteins, and requiring that wildlife and environmental
conservation measures are in place. Use of artificial fertilisers and other inputs while
permitted is discouraged. The American Grassfed Association standards are similar,
but do not mention environmental stewardship requirements.” Under Australia’s
Pasturefed Cattle Assurance System, animals must be reared on pasture but hormones
and growth promoting antibiotics are permitted provided mention is made on the
label.”” Sweden has a third-party certification scheme, IP Sigill Naturbeteskdtt (Semi-
natural pastures)?® - this requires that 50% of the land used for grazing is semi-natural
pastures (as opposed to grazing on cropland) and that 70% of the feed, by dry matter
weight, is forage. Organic production systems also place constraints on the types of
feed that may be given to ruminants and may specify a mininum proportion of grass in
the diet.

1.2 How much meat and milk do these different
livestock systems produce?

Cattle, buffalo, sheep and goat production yields some 26% of overall global terrestrial
meat output, expressed in tonnes. Pig and poultry meat contributes the remaining
three quarters, in roughly equal amounts.?

19" National Sustainable Agriculture Coalition (2016). USDA Revokes Grass Fed Label Standard [online].
http://sustainableagriculture.net/blog/release-usda-revokes-grass-fed-label-standard/ (accessed 11.717).

20 pasture for Life Association (2016). Certification Standards For Ruminant Livestock.

http:/www.pastureforlife.org/certification/the-pasture-for-life-standards/ (accessed 11.7.17).

21 American Grassfed, n.d. Our Standards [online]. http:/www.americangrassfed.org/about-us/our-

standards/ (accessed 11.717).

22 Cattle Council of Australia, n.d. What is PCAS? [online]. http:/www.pcaspasturefed.com.au/ (accessed

Nn.717).

23 Sigill Kvalitetssystem AB, 2014. CERTIFIERAT NATURBETESKOTT [onlinel. http:/sigill.se/IP-STANDARD/
CERTIFIERING-ENLIGT-IP/CERTIFIERING-ENLIGT-IP/CERTIFIERAT-NATURBETESKOTT/ (accessed
7M7),

24 For year 2013 - FAO (2017). FAOSTAT [online]. http://www.fao.org/faostat/en/ (accessed 13.5.17).
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Of course, ruminants - and especially cattle and buffaloes - also supply milk. If the
food value of milk is included, the contribution from ruminants - reared in all systems -
increases to a much more significant 47% of terrestrial animal protein. If aquatic protein
is considered too, the protein provided by ruminants falls to 39% of the animal source
total (Figure 1).°

Animal-source protein (all sources) constitutes about 40% of overall human protein
intakes; plant sources in fact contribute the dominant share.’

Figure 1: Contribution of ruminant and other sources of protein to total human
protein supply. Data from FAO (2017) for year 2013%¢
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Note that the difference between food supply and actual intakes may be very large, because
losses and waste occur throughout the food chain.

Most of the ruminant milk and meat (by weight) is produced in crop-livestock mixed
systems. But as noted above, since these mixed systems vary so widely in their use of
feeds and inputs, this observation is not especially informative.

As to grazing systems, very recent data are not available, but in the year 2000 they
yielded about 13% of the cattle meat and 6% of the cattle milk by weight - and a
higher share in the case of small ruminants (Table 3). This works out at about 1 g of
protein per person per day - daily availability from all terrestrial animal sources is 27 g.
The contribution of grazing systems to total food production is likely to be smaller still
today given the move towards intensification, although they remain critically important
for people living on marginal lands for whom grazing animals are a vital source of
nutrition and livelihoods. It is important to note that since grass is also fed to animals in
mixed crop-livestock and to an extent in other systems, the contribution of grasslands

25 For year 2013 - FAO (2016). FAOSTAT [online]. http:/www.fac.org/faostat/en/#data/FBS
(accessed 5.17.16).

6 Ibid,
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Animal and plant-based
protein differ in their
composition, and meat and
milk additionally supply
many other micronutrients
that are less abundant

or bioavailable in plants.

At the same time, plants
provide some additional
nutrients that animal
source foods do not. These
points mean that simple
comparisons between the
nutritional offer of plant
and animal proteins do not
do justice to the reality.
The subject begs for a long
and important discussion
about the relative merits of
animal versus plant sources
of nutrition and how

these should be factored
into strategies aimed at
optimising land use and
reducing GHG emissions.
That discussion, however,
sits outside the scope of
this report.
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to global food production is higher than this figure suggests - although that said, the
grassland contribution in mixed systems is hard to estimate as the animals additionally
consume grains as well as agricultural residues. This makes it hard to disentangle the
nutritional contribution that grass makes compared with these other feed inputs.

How much solely grassfed meat or milk could potentially be produced is a different
guestion and discussed further in Section 5.

Table 3: Global production of meat and milk from large ruminants (beef and
dairy cattle), small ruminants (sheep and goats), pigs and poultry by production
system, and by TLU: Tropical Livestock Unit

Grass-based Mixed crop- Landless
livestock livestock livestock
Total systems systems systems
Animal number
e 9567 1746 (18%) = 5421(57%) 181 (19%) 59 (6%)
£ Mik 570 33 (6%) 397 (70%) 95 (17%) 45 (8%)
o g (Mt/yr, % of total) ° ° ° ©
glg Meat 68 9 (13%) 44 (64%) 1 (16%) 5 (7%)
d 2 (MtAyr, % of total) ° g 0 o
Animal number
e 1812 592(33%) = 946(52%) 191(%) 8.4 (5%)
£ ik 21 4 (22%) 12(58%) 3 (3%) 1(7%)
_ g (Mt/yr, % of total) ° ° ° ©
£ § Meat 13 4 (29%) 7 (56%) 1(10%) 1(6%)
0 & (Mt/yr, % of total) ° (¢ o b
Animal number 199.3 } B 74.5 124.8
(million TLU, % of total) ' (37%) (63%)
(72}
D Meat
O (Mt/yr, % of total) o1 - - 22 (24%) 69 (76%)
Animal number 69.5
(million TLU, % of total) 159.5 - - (44%) 90 (56%)
Eggs B B
> Miion % of total 149 14 (9%) 135 (91%)
=7
S Meat
8 (tjor % of totah 96 - - 12(3%) 84 (87%)

Data from Herrero et al. (2013). Livestock production systems as defined by Seré and Steinfeld
(1996), first mapped by Thornton et al. (2002) and updated by Robinson et al. (2011).%’

27" Herrero, M., Havlik, P, Valin, H., Notenbaert, A.M., Rufino, M.C., Thornton, P.K., Blimmel, M., Weiss, F.,
Grace, D. and Obersteiner, M. (2013). Biomass use, production, feed efficiencies, and greenhouse gas
emissions from global livestock systems. Proc. Natl. Acad. Sci. U. S. A., 110, pp. 20888-93. doi:10.1073/
pnas.1308149110

Seré, C. and Steinfeld, H. (1996). World livestock production systems: Current status, issues and trends,
FAO Animal Production and Health. Rome, Italy.

Thornton, P.K., Kruska, R.L., Henninger, N., Kristjanson, P.M., Reid, R.S., Atieno, F., Odero, a N. and Ndegwa,
T. (2002). Mapping Poverty and Livestock in the Developing World. International Livestock Research
Institute, Nairobi.

Robinson, T.P., Thornton, P.K,, Franceschini, G., Kruska, R.L., Chiozza, F.,, Notenbaert, A., Cecchi, G,,
Herrero, M., Epprecht, M., Fritz, S., You, L., Conchedda, G. and See, L. (201). Global livestock production
systems. Rome.
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1.3 Grasslands, grazing lands and a few variants - what
are they?

The defining feature of grassfed beef (and of course milk) is that the animal is
reared on grass. But many words are used to refer to large grassy areas: grasslands,
rangelands, pasture, and grazing land. These have different, sometimes overlapping
meanings, and they differ in their environmental qualities and impacts.

While definitions abound, broadly speaking, grasslands are ecological communities
dominated by grasses with little to no tree or shrub cover. Some grasslands are natural
- that is grass is their natural climax vegetation - while other grasslands have been
created from other forms of vegetation, notably forest.

As to the distinction between grasslands and grazing lands, while the words are often
used interchangeably, arguably the former refers to the land’s vegetative characteristics
and the latter to its use value, whether existing or potential, to humans. While humans
use grasslands for grazing, not all grasslands are grazed by domesticated animals. Some
may be protected - grazing is prohibited - and others located in regions that simply
cannot support them. In some parts of the world domestic animals will share grazing
lands, sometimes uncomfortably, with wild herbivores.

Grasslands are among the largest ecosystems in the world, occupying between

2600 to 6100 Mha (Godde et al., 2017) ? or about 20-47% of the earth’s land area as
estimated by FAO (2017).2° Of this total, one analysis suggests that about 2,600 Mha
- the lower end of the estimates - are grazed by domestic animals (Henderson et al/.,
2015).%° Clearly the range of estimates is huge, reflecting the difficulties encountered
in making assessments of this nature. Regions and countries differ in their ability to
provide accurate data and they use different methods for estimating the land area -
some may use remote sensing, others ground data, and others use both. They may
also define land cover in different ways: a mixture of grass and trees may be defined
as woody grassland, or as grassy woodland. The land use is also constantly in flux:
sometimes grazing land may be converted to cropping, or vice versa depending on
growing conditions, market prices and policies. Importantly, many of the aggregate
estimates given in the literature are based on very old data, and since then the
processes of expansion, disappearance, intensification, abandonment and degradation
have been playing out in different ways in different parts of the world.*’ Consequently,
the situation today could be gquite different.

Grasslands tend to be categorised into those we consider ‘natural’, those that are
‘semi-natural’ and those that are ‘cultivated’ or improved; but these distinctions are
somewhat arbitrary.

2% Godde, C., Garnett, T, Thornton, P, Ash, A. and Herrero, M. (2017). Grazing systems expansion and

intensification: drivers, dynamics, and trade-offs. Global Food Security. (under review)
29 FAO, 2017. FAOSTAT [Onlinel. http:/www.fao.org/faostat/en/ (accessed 13.517).

39 Henderson, B., Gerber, P.J., Hilinski, T.E., Falcucci, A., Ojima, D.S., Salvatore, M. and Conant, R.T. (2015).
Greenhouse gas mitigation potential of the world’s grazing lands: Modeling soil carbon and nitrogen
fluxes of mitigation practices. Agric. Ecosyst. Environ., 207, pp. 91-100. doi:10.1016/j.agee.2015.03.029

Godde, C.,, Garnett, T., Thornton, P, Ash, A. and Herrero, M. (2017). Grazing systems expansion and
intensification: drivers, dynamics, and trade-offs. Global Food Security. (under review)
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Rangelands are generally understood to be natural grasslands composed largely of
native wild vegetation. The terms are used interchangeably: both refer to lands whose
climax or ‘potential’ vegetation would naturally be dominated by perennial grasses and
whose species composition has not been altered to improve livestock productivity.
Sometimes they hold protected status and may be managed to achieve ecological
objectives, in which case grazing animals may sometimes be used for this.

That said, the idea of fixed ‘potential vegetation’ that changes only as a result of long
term climatic fluctuations is itself problematic. Grasslands have indeed been around
for millions of years, but the ‘climax’ vegetation at any particular point in time (forest
versus grasslands, say) has swing-state status: the characteristics will depend not
only on climate but on the actions of its ‘consumers’- namely herbivores and fires -
who were around before humans came onto the scene. Thus the ‘natural’ vegetation
of a particular place changes over time (and sometimes rapidly) - and as Chapter 5
discusses, there is virtually nowhere on the earth’s surface that has not in some way
been modified by humans. Today, natural grasslands across the world are at risk. The
threat is not just from the encroachment of agriculture (both cropping and pasture
intensification) but also on occasion from afforestation programs, which are sometimes
implemented in the mistaken belief that trees need ‘restoring’ to these landscapes.

If grazing lands were formed out of some prior vegetation a very long time ago, and
if they are not subjected today to intensive management, they may be classed as
‘semi-natural’, to distinguish them from more intensively managed pastures and from
‘natural’ grasslands. While they tend to provoke a great deal of definitional debate,
semi-natural grasslands can be broadly defined as ‘habitats created by low-intensity,
traditional farming, or, in some cases, the natural vegetation on poor soils or in
exposed locations’.

The semi-natural grassland is, the authors of that description note, a very fluid habitat,
which is amenable for conversion to (and from) arable land and to improved grassland
through cultivation, re-sowing and fertiliser application. Variations in social and
economic conditions have caused the area of grassland to fluctuate over centuries,
especially through changes in the balance of arable and grassland areas. In a country
such as the UK for example, if unmanaged, the land is likely to revert to a woodland
state.

While these grasslands may not be ‘natural’ they are nevertheless valued: their
presence is part of our cultural heritage and we may award them special protected
status. Flora and fauna specific to these lands have often developed over years and
with the abandonment or intensification of these lands (mainly by applying fertilisers)
these species may be threatened in some regions. We like these habitats because we
know them, which, however circular that might be, shows how difficult (and perhaps
pointless?) it is to disentangle the human from the natural, at least in regions of the
world, such as Europe, that have seen such a long history of human presence. There
is of course, always the risk of the shifting baseline syndrome - that what we value

is simply what we are familiar with, which is less diverse than what went before. Our
understanding of biodiversity progressively diminishes.

Semi-natural grasslands today account for a fraction of the overall grassland area
and in many parts of the world they are in decline. For example nearly half (47%) of
the UK’s grasslands have been lost since 1960, mainly to pasture ‘improvement’, with
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conversion to arable cropping running a close second. The drive to improve pastures is
simply because semi-natural grasslands only support low stocking densities - a point
worth noting given the claims made that well-managed grazing systems can support
soil carbon sequestration and biodiversity gains and higher livestock numbers (see
Chapter 5).

Pastures - sometimes called ‘improved’ grasslands - are more intensively maintained
and their productivity is boosted with inputs. These grasslands have been modified

by sowing more nutrient rich grasses or legumes, and by using fertilisers, other
amendments and sometimes irrigation so as to support more intensive livestock
grazing. Improved pastures are species poor. Sometimes the grass is mowed to
produce silage for winter feed. The animals themselves may receive feed supplements,
in which case the dung they deposit loads the soil with externally produced nutrients.
In some years, depending on the market price for grain, growing conditions, or specific
agricultural policies, pastures may be ploughed for cropping or vice versa. The original
climax vegetation may or may not have been grass.

Finally, and at the risk of definitional overload, the term ‘grassland’ encompasses
many regional variants®’ - including Cerrado, Llanos, Campos, Pampa, Prairie, Steppe,
Savanna, Tundra, and more (See Annex 1 for more details).

To summarise, there is much uncertainty and great variability in how much grazing
land there actually is and how it is used. Chapter 5 highlights the implications of
historical, current and future changes in land use on its carbon storage, sequestration
and release potential.

1.4 How are livestock production systems, and meat and
dairy consumption patterns changing?

The last thirty years have seen far reaching changes in animal husbandry practice,
most evidently in OECD countries but increasingly also in the rapidly industrialising
emerging economies and, to a more limited extent, in parts of some low income
countries. The two most noteworthy features of these changes are the sheer growth
in livestock productivity and, linked to this, in output. If this is true of the ruminant
sector - the focus here - it is even more so of pig, poultry and farmed agquatic
production, a point worth noting since their rise has affected the ruminant sector.
These transformations have been driven by interacting and mutually reinforcing
developments along the whole value chain, from agricultural practices themselves
through to the way meat is sold and eaten.

It should be emphasised that these changes are not ubiquitous. For millions of

people in low income countries, traditional mixed crop-livestock and pastoral systems
remain central to people’s livelihoods and sustenance and these ways of life are likely
to continue for decades to come. What is more, in contrast with trends in affluent
countries, productivity has generally stagnated or even fallen because of the many
constraints and adversities that farmers face, including insecure access to land, climate

32 Allen, V.G., Batello, C., Berretta, E.J., Hodgson, J., Kothmann, M., Li, X., Mclvor, J., Milne, J., Morris, C.,
Peeters, A. and Sanderson, M. (2011). An international terminology for grazing lands and grazing animals.
Grass Forage Sci., 66, pp. 2-28. doi:10.1111/j.1365-2494.2010.00780.
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change, and lack of finance. The result is a marked, and growing, dichotomy between
those who can access the market and benefit from the demand ‘pull, particularly from
urban populations, and those who cannot.

Nevertheless the transformations that have been sweeping across many - if not all -
parts of the world have triggered concern within the environmental and animal welfare
movement, movements within which grazing advocates partially situate themselves.
Modern, so-called industrialised livestock farming is everything that alternative
agriculture / grazing advocacy stakeholders reject. Since understanding the arguments
being made about the merits (or otherwise) of grassfed systems requires knowledge
of exactly what the last thirty years have brought, the major developments that
characterise the process of intensification are briefly described here.

1.4.1 Changes at the agricultural stage

On the animal production side, genetic innovations have created breeds that partition
more of the nutrients in their feed into making products we want (lean muscle or milk)
rather than those we do not; fat, or in dairy cows their own body muscle. Breeding
advances in the cropping sector have likewise improved productivity massively, and
made it possible and profitable to divert crops to feed animals as well as people. While
ruminants still largely consume grass, agricultural by-productst and crop residues, to
maximise their genetic potential they are also given grain and oilseed-based feeds
formulated and supplied by transnational feed producers; and in some systems the
animals may in fact be fed little grass at all.** Since commercial formulas are more
digestible and less fibrous than traditional feeds, more energy is partitioned into
increasing body weight or milk yields and less into the sheer process of digesting feed.
As beneficial side effects, land requirements and methane emissions per unit of output
are lower (see discussion in Chapters 4 and 5). There are costs too of course; animal
health and wellbeing may be undermined, an important and now well-documented
concern.*

Housing units have now been designed to enable high livestock densities, all managed

by professionals with increasingly specialised expertise or roles. Since animals are more
confined, they expend less energy on movement, which also increases feed conversion

efficiencies.

The process of rearing animals is often divided into clearly compartmentalised stages,
each serviced by a team of specialists - beginning with breeding; moving through
pregnancy and gestation, the weaning stage; rearing, finishing, slaughter and further
processing; and finally through to retail. These stages may be undertaken by individual
companies, although sometimes corporations vertically integrate to achieve control of
the whole value chain.

33 Mottet, A, de Haan, C., Falcuccia, A., Tempio, G., Opio, C. and Gerber, P. (2017). Livestock: On our plates
or eating at our table? A new analysis of the feed/food debate. Global Food Security, in press.

34 Shields, S. and Orme-Evans, G. (2015). The Impacts of Climate Change Mitigation Strategies on Animal
Welfare, Animals, 5, pp. 361-394; doi:10.3390/ani5020361.
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1.4.2 Distributing and scaling up meat

This spatial disconnect at the agricultural stage has been spurred on by other labour-
saving and output-enhancing technological innovations. Synthetic fertilisers substitute
for and greatly overcome the limitations of organic fertilisers. Temperature-controlled
housing, cold storage, better roads and other logistical developments all help get
animals to the abattoir without them dying, and meat to market without it rotting.
Because of these developments, the various stages of the animal value chain can

be sited at great distance from one another and indeed be globally dispersed. The
location of good transport infrastructure, good knowledge (labs, production regimes)
or low land rents may be more important than proximity to markets. Technological
developments have also reduced labour requirements, spurring on the population
exodus to urban areas.

With all these modernising developments, the traditional role of ruminant livestock as
users of non-arable land, consumers of by-products inedible to humans, and recyclers
and returners of nutrients to the soil to support the next generation of crops dwindles.
Pigs are no longer mobile dustbins, the recipients of household scraps and slop. The
chicken is now a specialised animal: bred either for meat or eggs, not both. Livestock
are no longer part of a larger agricultural metabolism. Viewed in terms of food output
per quantity of land or resource input, traditional husbandry systems are simply judged
to be not as productive.

There have of course been environmental consequences. The disconnect between
crop and livestock production has been aided by, but also exacerbated by, the arable
sector’s reliance on synthetic fertilisers. Without a land base on which to spread
manure, livestock’s traditional role in nutrient recycling no longer applies and nutrient
surpluses now cause pollution. Ammonia emissions in intensive pig and poultry
production systems cause human and environmental harms. As systems intensify,
their reliance on fossil fuels may increase. On the other hand, the methane intensity
of ruminant production has declined, as has its aggregate land footprint - but as this
last point prompts so many qualifiers and caveats, the need to address the question
properly constitutes one of the primary motivations for writing this report. Finally,
the increase in efficiencies has lowered the costs of production, enabling greater
production and/or lower market prices. This means that the gains in environmental
efficiency have been, and continue to be, outweighed by sheer increase in output.*®

1.4.3 Eating meat: demand side changes

The stages beyond the farm gate have also seen major transformations that mirror
developments in the food system more generally. These transformations interact
dynamically with the many societal changes that are taking place and that have
engendered shifts both in aggregate demand and in individual consumption patterns.

35 Smith, P, M. Bustamante, H. Ahammad, H. Clark, H. Dong, E.A. Elsiddig, H. Haberl, R. Harper, J. House, M.
Jafari, O. Masera, C. Mbow, N.H. Ravindranath, CW. Rice, C. Robledo Abad, A. Romanovskaya, F. Sperling,
and F. Tubiello. (2014). Agriculture, Forestry and Other Land Use (AFOLU). In: Climate Change 2014:
Mitigation of Climate Change. Contribution of Working Group Il to the Fifth Assessment Report of the
Intergovernmental Panel on Climate Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani, S.
Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schliémer, C.
von Stechow, T. Zwickel and J.C. Minx (eds.)]. Cambridge University Press, Cambridge, United Kingdom
and New York, NY, USA.
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These changes include the global population increase, rising per capita wealth (with
persistent exceptions) and urbanisation: more people means more mouths to feed;
wealthier people can better afford highly desired foods, such as animal products;
while the shift towards more urban life styles increases people’s exposure to and
consumption of meat-based foods in multiple forms - although the relationship
between urbanisation and meat eating is complex.*® Arguably, a fourth determinant
of demand is this: technology-enabled increases in supply lowers costs, enabling
animal products to be sold more cheaply and so stimulating demand - it perhaps
also requires that demand be stimulated via marketing and other means, to provide a
market for the increased output.

A particularly marked transformation along the whole value chain has been the

rapid growth in the poultry sector - rapid both absolutely and in comparison with
the slower pace of the ruminant sector.®” Defined in its narrowest sense, chickens

are ‘efficient’. They do not ‘waste’ food energy by converting it into methane and as
they have shorter breeding cycles and reproduction rates, selection for particular
traits, such as yield, delivers results more quickly. More animal product (meat, eggs)
can be obtained per given input of feed, land or water. Poultry also lend themselves
to production in regions where land is scarce, making meat and eggs cheaper to
produce and to buy. The sector’s other winning card is that poultry meat offends

no one’s religious sensibilities except for strict Jains, some Buddhists and Hindus
(although for the wavering, less so than other meat forms). Its bland taste makes it
an adaptable ingredient for the fast food industry - but it also enjoys a reputation as
a ‘healthy’ low fat meat. The ascendancy of the chicken is worth highlighting because
while mainstream commentators note that the trend goes in the right direction - the
higher feed conversion efficiency and lower carbon footprint of poultry will help us
extricate ourselves from our environmental problems - from the perspective held

by advocates of grassfed ruminant systems, the intensive chicken is the ultimate
Orwellian doublethink. It consumes grain that could be eaten directly by humans, has
no link to the cropping land base - and raises a host of other concerns, from its poor
animal welfare record through to zoonotic disease and antimicrobial resistance risks.

1.4.4 The flip side

This, then, is the grand narrative of transformation, but the story also oversimplifies
things. Despite the far reaching nature of these changes, about 600 million people in
Sub-Saharan Africa and parts of Asia and Latin America still rely on traditional mixed
crop-livestock farming and on pastoralism, and many of them live below the poverty
line. The corollary of these modernising forces is, then, that they have left many
behind: those livestock communities who lack access to inputs and infrastructure
struggle with the daily reality of low yields, disconnection from markets and a rapidly
dwindling pool of labour.

And although global forces are at work, much activity still takes place at the national
or regional level. Most livestock products are not traded internationally and when

%6 gatterthwaite, D., McGranahan, G. and Tacoli, C. (2010). Urbanization and its implications for food and

farming. Phil. Trans. R. Soc. B, 365, pp. 2809-2820.

37 Alexandratos, N. and J. Bruinsma. 2012. World agriculture towards 2030/2050: the 2012 revision. ESA
Working paper No. 12-03. Rome, FAO.
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they are, low and middle income countries are increasingly trading regionally among
themselves. The traditional divide between rich and poor countries is also blurring
as companies in emerging economies acquire companies that have a high income
country origin or invest in agricultural land beyond their own territories. Meanwhile,
the rich world is witnessing a rise in ‘alternative’ livestock farmers, who reject
intensification in favour of ‘traditional’ pasture or grassfed systems of production,
whether for ethical and environmental reasons, or because there is a niche but
nevertheless growing market for their products.
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2. How, and how much do ruminants
contribute to GHG emissions?

Key points

* The livestock supply chain generates some 71 Gt CO,-eq emissions,
contributing to about 14.5% of global human-made GHG emissions.

» Cattle dominate global livestock emissions, accounting for about 65% of the
total. Ruminants as a whole produce about 80% of total livestock-related GHG
emissions.

+ Grazing systems are responsible for 1.32 Gt CO_-eq/yr or 20% of all emissions
from livestock.

e There is, however, a huge range in the emissions intensity of animal
production, with variations by production system, agro-ecological context and
management regime.

* Diets high in animal, and especially ruminant, products tend to be more GHG
intensive than those that are not.

 None of these figures factor in any potentially compensatory effects of soil
carbon sequestration in grazing systems.

The Food and Agriculture Organisation®® estimates that the livestock sector generates
about 7 Gt CO-eq or 14.5% of global GHG emissions (Box 3 and Figure 2). This
estimate is derived from a life cycle assessment approach and includes emissions from
ruminant enteric fermentation, manure and feed production, livestock-induced land
use change, and from post-farm energy use (Figure 2).

Other study estimates lie in the range of 5.6-7.5 Gt CO2-eg*® with the differences
lying in the scope of their analysis. For example, the IPCC, which reports on direct
agricultural emissions for the sector as a whole, includes livestock’s contribution

via enteric methane as well as the methane and nitrous oxide emissions from urine
and manure deposited on grazing lands or when stored. Feed related emissions are,
however, not directly attributed to livestock, nor are emissions from land use change,
or energy use - the latter being accounted for in an entirely separate chapter of the
IPCC report. This naturally means that livestock emissions - from enteric fermentation
and manure only - are estimated to account for a lower 5-7% of the anthropogenic
total.#©

38 Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., Falcucci, A. and Tempio, G.
(2013). Tackling climate change through livestock - A global assessment of emissions and mitigation
opportunities. Food and Agriculture Organisation of the United Nations (FAO), Rome.

39 Herrero, M., Henderson, B., Havel, P, Thornton, P.K., Smith, P, Wirsenius, S., Hristov, Gerrber, P, Gill, M.,
Butterbach-Bahl, K., Vain, H., Garnett, T. and Stehfest, E. (2016). Greenhouse gas mitigation potentials in
the livestock sector, Nature Climate Change, 6, pp. 452-461.

40" Tubiello, F.N., Salvatore, M., Rossi, S., Ferrara, A., Fitton, N. and Smith, P. (2013). The FAOSTAT database of
greenhouse gas emissions from agriculture. Environmental Research Letters, 8(1). http://iopscience.iop.
org/1748-9326,/8/1/015009.
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Box 3: Facts, fiction, films and framings: who’s who in the
debate around livestock?

The past decade has seen a proliferation of studies focusing on livestock and

the sector’s environmental impacts: the most prominent being the FAO’s 2006
Livestock’s Long Shadow? report. This estimated that livestock contribute 71 Gt
CO2-eqg or 18% of global anthropogenic greenhouse gas emissions, and to many
other environmental problems. The subsequent 2013 revised version*? came to

a similar estimate of the absol/ute impact but since other sources of emissions
(industry, transport and so forth) had increased over that period, the overall
anthropogenic emissions total - against which livestock emissions were compared
- was also higher. This means that the proportional overall contribution of livestock
fell to a slightly lower 14.5%.

These reports, and burgeoning associated academic literature, have catalysed

an explosion of societal activity, and have added weight to the longer standing
arguments of animal rights and welfare organisations such as PETA, Humane
Society International and Compassion in World Farming, who have always had
concerns about animal production. While animal rights organisations condemn
all livestock rearing of all kinds, welfarists, who do accept some forms of animal
production, tend to focus their concerns on so-called intensive or ‘industrialised’
systems. For them, it is an inconvenient truth that most life cycle assessments
find more extensive systems - traditionally viewed as better for welfare -to have
a higher carbon footprint than industrialised ones.**44 These groups are therefore
particularly interested in the possibility that more extensive grazing systems,
inherently better for animal welfare, could also ultimately be more environmentally
benign than intensive ones, once the sequestration effects are accounted for.

Most NGOs base their advocacy on the FAO reports and on academic studies.

A few others have chosen to adopt more extreme positions, most strikingly the
US based Worldwatch Institute, which in 2011 published a report claiming that
livestock generate as much as 51% of global GHGs.#® The science behind these
claims has been comprehensively refuted - among other things because it counts
livestock respiration as a source of CO,* - but the figure holds traction in some
quarters and the report inspired the very popular ‘Cowspiracy’ film, produced by
Leonardo DiCaprio.#’
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opportunities. Food and Agriculture Organisation of the United Nations (FAO), Rome.
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Countering these civil society voices are the mainstream livestock farming
sector which argues that intensification has delivered massive reductions in GHG
emissions per unit of meat or milk produced, and that additives such as growth
hormones, if rolled out, could generate further savings.*®

Other stakeholders find common ground with the anti-livestock movement

in condemning intensive animal agriculture, but instead of arguing for dietary
change they advocate a shift to ‘alternative’ systems of livestock production and
associated meat consumption.“® Perhaps the most charismatic and most extreme
proponent of the sequestration claim is Allan Savory, whose TED talk entitled
‘How to fight desertification and reverse climate change’ has been a rallying cry
for grassfed advocates worldwide. For these stakeholders, grazing livestock offer
planetary salvation, not damnation. The UK’s Sustainable Food Trust (SFT) has
also been very active in promoting the holistic grazing approach and goes so far
as to argue that we should be eating more, rather than less, ruminant meat.*® The
SFT hails Joel Salatin’s ‘Polyface Farm’ in the US as an exemplar of integrative
sustainable livestock farming: holistic (also called adaptive) grazing lies at the core
of the farm’s operational model. The pro-grassfed movement is spreading across
the world and includes organisations such as Carbon Farmers of Australia, the Soil
Carbon Coalition, Carbon Farmers of America, the Rodale Institute® and the UK
based Pasture Fed Livestock Association. It has spawned its own widely viewed
films such as Soil Carbon Cowboys and numerous YouTube videos.

While these are extreme voices and stances, there is genuine scientific uncertainty
around the role of grazing systems in affecting soil carbon, and political
uncertainty about which GHG sources should be prioritised in mitigation efforts.
As such, lurking inside some of the more outrageous claims and counterclaims,
are real and important research questions that need to be investigated.

At regional and national levels, the contribution farm animals make to overall emissions
depends on what production systems dominate (emission intensities measured in
tonne CO -eq per tonne edible ruminant protein vary widely by system and agro-
ecological context),* the size of the livestock sector and of course on how high
emissions are from other sectors such as industry or transport. Absolute emissions
may be large even where relative emissions are low because emissions from the
industrial sector, say, are so significant.

Moving down to the level of consumption and diet, numerous studies find that animal
products - particularly those of ruminant origin - generally have high emissions
intensities relative to other foods. Meat heavy eating patterns tend to be more

48 Capper, J.L.,, Castafeda-Gutiérrez, E., Cady, R.A., Bauman, D.E. (2008). The environmental impact of

recombinant bovine somatotropin (rbST) use in dairy production. Proc Nat!/ Acad Sci, 15(28), pp. 9668-
9673

49 30il Association (2016). Organic cows: better for the planet [online]. https:/www.soilassociation.org/

news/2016/march/15/organic-beef-and-dairy-good-for-us-the-environment/ (accessed 11.717).

50 Sustainable Food Trust (2014). What meat to eat? A debate [online]. http:/sustainablefoodtrust.org/
articles/the-great-debate-on-eating-less-and-better-meat/ (accessed 11.717).

Rodale Institute (2014). Regenerative Organic Agriculture and Climate Change: A Down-to-Earth Solution
to Global Warming, Rodale Institute, PA, USA.

52 Herrero, M., Havlik, P, Valin, H., Notenbaert, A., Rufino, M.C., Thornton, P.K., Blammel, M., Weiss, F., Grace,
Obersteiner, M. (2013). Biomass use, production, feed efficiencies, and greenhouse gas emissions from
global livestock systems. Proc Nat! Acad Sci USA, 110(52), pp. 20888-20893.
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emissions intensive than those where animal products feature little or not at all.>®> There
are of course exceptions, and challenges to these conclusions which are discussed
further in Chapter 5.

Figure 2: Global greenhouse gas emissions from livestock production by emissions
source and gas type. From Gerber et al. (2013).°
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Cattle dominate livestock related emissions, contributing around 65% of the total,*®
buffaloes and small ruminants add a further 9% and 7% respectively, so in all ruminants
account for over 80% of total livestock related climate impacts, most significantly via
enteric methane (Figure 3) - which are highest, per unit of milk or meat, in grazing
systems. Other studies give broadly comparable estimates.”® This 80% share of GHG
emissions is worth setting against the 50% that ruminants contribute to overall
terrestrial animal product protein supply (Figure 3). Grazing systems specifically emit
an estimated 1.32 Gt CO,-eq” (a figure that includes land use change-related impacts),
which is about 20% of all emissions from livestock.>®

53 Garnett, T. (2016). Plating up solutions: Can eating patterns be both healthier and more sustainable?

Science. 353(6305), pp. 1202-1204.

54 Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., Falcucci, A. and Tempio, G.
(2013). Tackling climate change through livestock - A global assessment of emissions and mitigation
opportunities. Food and Agriculture Organisation of the United Nations (FAO), Rome. Reproduced with
permission.

5 Ibid.

56 Herrero, M., Henderson, B., Havel, P, Thornton, P.K., Smith, P, Wirsenius, S., Hristov., Gerber, P., Gill, M.,
Butterbach-Ball, K, Vain, H., Garnett, T. and Stehfest, E. (2016). Greenhouse gas mitigation potentials in
the livestock sector. Nature Climate Change, 6, pp. 452-461.

5/ Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., Falcucci, A. and Tempio, G.
(2013). Tackling climate change through livestock - A global assessment of emissions and mitigation
opportunities. Food and Agriculture Organisation of the United Nations (FAO), Rome.

58 Ibid.
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Figure 3: Breakdown of global greenhouse gas emissions attributable to cattle milk
and meat by emissions source and gas type. From Gerber et al. (2013).>°

Milk Meat

0.9% 0.5%

6.1% 3.6%

2.2% 17.0% 1.4%

5.4%

18.1%

3.8%
7.4% 7.4%
10.0% 42 6% 10.0%
0.7% 0.7%
46.5%
14.8%
I Applied & deposited manure, N20 LUC: pasture expansion, CO2 Direct & indirect energy, CO:2
Fertilizer & crop residues, N20 B Enteric, CHa B Postfarm, CO2
Feed, CO2 B Manure management, CHs
Il LUC: soybean, CO2 Manure management, CO2

Inevitably, these estimates are inherently uncertain for many reasons, not least being
the difficulty of putting accurate numbers on biological and biophysical systems

that vary and fluctuate at multiple scales, from the animal’s individual metabolism
through to the landscape and climate, vary widely by animal and manure management
regimes, and problems of data absences and inadequacies.®® Caveats notwithstanding,
the evidence clearly shows that livestock are major emitters of greenhouse gases.

None of these estimates, however, take account of any carbon sequestration that
grazing ruminants might help achieve, through the effects of their actions on the
uptake of carbon from soils. It is argued that these figures not only exaggerate the
contribution that the livestock sector makes to global GHG emissions, but - most
importantly - represent grassfed cattle as villains of the climate piece, when in reality

they are its underrated heroes.

This - the sequestration question - forms the subject of the next chapter.

59 Gerber, P.J., Steinfeld, H., Henderson, B., Mottet, A., Opio, C., Dijkman, J., Falcucci, A. and Tempio, G.
(2013). Tackling climate change through livestock - A global assessment of emissions and mitigation
opportunities. Food and Agriculture Organisation of the United Nations (FAO), Rome. Reproduced with
permission.

60 See Rovs & Nylinder (2013) for a review on uncertainties when calculating GHG emissions from livestock.

R&6s, E. and Nylinder, J. (2013). Uncertainties and Variations in the Carbon Footprint of Livestock
Products. Swedish University of Agricultural Sciences.
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3. Soil carbon sequestration - (how) do
grazing livestock contribute?

Key points

« Soils are very significant carbon stores. All soils contain carbon although
different soil types differ in how much they contain. Above ground biomass
also stores carbon - especially trees.

« As plants grow they draw down carbon from the atmosphere, apportioning
some into their roots. Much of this is released back to the atmosphere when
plants die and decompose. But, if left undisturbed, some of the carbon in
their roots and in plant litter - depending on climate, rainfall, the soil microbial
community, management and many other variables - may eventually be
incorporated into more stable compounds in the soil, constituting a net
removal of carbon from the atmosphere. This is soil carbon sequestration.

* |If favourable conditions continue, soils sequester carbon until equilibrium is
reached, after which emissions and removals are balanced and no more is
sequestered. Further increases in sequestration may be possible if there is a
change in how the land is used or managed.

e Sufficient nitrogen needs to be available for plants to grow and therefore
for soils to sequester carbon. This can be provided in the form of bacterial
nitrogen fixation, such as that associated with the roots of legumes,
application of mineral fertilisers or organic amendments containing nitrogen,
but higher nitrous oxide emissions may outweigh sequestration gains.

* Since sequestration is time-limited, so too is its role in mitigation efforts. There
are additional problems of reversibility (what can be done can be undone) and
leakage (organic amendments applied on one area of land may be at the cost
of its previous application elsewhere). Legacy effects of past management
practices also need recognising to avoid drawing false conclusions about the
effects of the current management regime.

 Grazing animals potentially aid the process of sequestration as their
consumption of herbage stimulates plant growth and leads to the partitioning
of and increase in organic matter below ground.

 Factors including soil type and quality, climate and seasonal variability,
precipition levels, nutrient availability, composition of soil fauna and microbial
communities, and vegetation type will influence whether organic matter is
converted into stable below ground carbon which determines if sequestration
actually occurs.

 In many parts of the world the potential for grazing management to achieve
sequestration is limited or absent.

e Heavy grazing is a problem on many grazing lands: by reducing plant growth,
it causes carbon losses from the system.
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« Evidence as to the sequestration benefits of holistic, adaptive and other
variants of rotational grazing is patchy and highly contradictory. Where there
are benefits, these are small.

 The highly ambitious claims made about the potential for holistic grazing to
mitigate climate change are wrong.

 The sequestration potential from grazing management is between 295-800
Mt COz—eq/year: this offsets only 20-60% of annual average emissions from
the grazing ruminant sector, and makes a negligible dent on overall livestock
emissions.

« Expansion or intensification in the grazing sector as an approach to
sequestering more carbon would lead to substantial increases in methane,
nitrous oxide and land use change-induced CO, emissions.

 Practices that are optimal for achieving soil carbon sequestration may not be
so for other environmental goals, such as biodiversity conservation.

 Leaving aside any scope for sequestration it is imperative that we ‘keep
carbon in the ground’: by acting to halt degradation or conversion to
croplands to avoid /osing the huge carbon stocks already stored in grasslands.

Do ruminants in grazing systems help soils sequester carbon and if so, how? Could
sequestration be increased, if livestock are managed right? Are there other ways of
using the land that would sequester more carbon, and what would the pros and cons
of these alternatives be?

This chapter answers these gquestions in five stages. It begins (Section 3.1) with some
basics about what soil carbon is, and how much is stored in soils today; it then moves
on (Section 3.2) to provide a general overview of the mechanisms of soil carbon
sequestration and then considers (Section 3.3) what approaches, both livestock

and non-livestock-related, could achieve sequestration together with their risks and
limitations. Section 3.4, the chapter’s core, homes in on the livestock question. It looks
at how grazing affects changes in the soil carbon balance and what uncertainties,
context-specificities and limitations need to be considered, and what claims have
been made. It concludes (Section 3.5) with some quantitative estimates of the grazing
sector’s overall potential.

© FCRN i® 2017




Grazed and confused?

Box 4: Impact of factoring in assumptions about sequestration
on the carbon footprint of beef

Most life cycle assessments of ruminant products assume that the soil carbon
balance is in equilibrium when there is no change in land use or management
practice in line with IPCC guidelines. Greenhouse gas emission from pasture-
based systems are generally greater per kg of meat produced than from more
intensive systems in which animals are fed grains and concentrates. This is
because in the latter, animals grow and reach slaughter weight faster, or in the
case of dairy cows, are more productive. Lifetime emissions are therefore lower
overall ®

However, some studies factor in assumptions that soils under grazing
management continue to accumulate carbon. An example of such a study is one
commissioned by the National Trust, a UK charity and major land owner, which
assumes that permanent grassland sequesters carbon at a rate of 0.88 t COQ/

yr (whether or not an animal is on it) and that conversion from conventional to
organic farming leads to carbon gains of 1.54 t COz/yr for grassland and 2 t COz/
yr in cropland. Since the published data sources for these two assumptions are
different, they are not comparable. As Figure 4 shows, using these estimates, the
non-intensive British beef farm is carbon neutral. Despite low gross emissions, the
Brazilian system has a very high emissions footprint because of historic land use
change.

Note that this study assumes quite favourable sequestration rates. Moreover, it
does not take into account important caveats, such as the progressively dwindling
rates of sequestration over time, leading to eventual equilibrium - issues that are
all considered in the main body of this Chapter.

Figure 4: Greenhouse gas emission intensities of different ruminant production
systems. From National Trust (2012)¢

Scenario results (kg CO,e/kg LW)

B Sequestration M Gross emissions

W LUC ‘omissions’ 4 Net emissions

National Trust 0

Semi-intensive 3.4
Non-intensive -1n.9
Organic -12.8

Other studies

Brazilian Cerrado
US pasture

US feedlot

14.8
LUC ‘omissions’ are as estimated by National Trust research.

Sequestration is carbon stored in soils through grassland
management.

61 De Vries, Van Middelaar and De Boer (2015). Comparing environmental impacts of beef production

systems: a review of LCAs. Livestock Science, 178, pp. 279-s5288.

62 National Trust (2012). What's your beef? National Trust, Swindon, UK.
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3.1 What is soil carbon? How much carbon is
stored in soils today?

Carbon in the soil can occur in two forms: as inorganic carbon - for example as

carbon containing minerals such as carbonates; and as organic carbon - the carbon
found in organic matter derived from living or dead organisms. Inorganic carbon

pools are found only in soils where carbon-containing minerals occur, and inorganic
carbon stocks can be changed gradually by some land management practices such

as fertilisation, which can affect the acidity of the soil; but it is the soil organic carbon
(SOC) that changes most rapidly in response to land use and management change and
this is what people are referring to when they talk about soil carbon and mitigation.

Soil organic matter (SOM) comprises a range of organic molecules ranging from small,
easily degraded ones such as sugars exuded by plant roots, through to large, complex
organic compounds which resist decomposition and can remain in the soils for
decades or centuries. Like all living or once living material, SOM is made up of many
elements including carbon, nitrogen, oxygen, hydrogen, sulphur and phosphorus. The
carbon component comprises about 58% of the dry matter of SOM and so estimates
of SOM need to be multiplied by 0.58 to obtain the SOC content.

The total stock of SOC on earth (to a depth of 1 metre) is 1500 GtC (5500 Gt CO, - see
Box 5 on units),*® which is twice the amount of carbon found in terrestrial vegetation,
and three times the amount found in the atmosphere, so it is a very significant global
carbon pool.

Box 5: A note on units

In this report, the emissions from the non-CO, greenhouse gases (methane and
nitrous oxide) are expressed as CO, equivalents (CO,-eq) by taking their Global
Warming Potentials (GWPs) over a 100 year time horizon and expressing in
terms of equivalence to CO,. According to the IPCC's Fifth Assessment Report
(AR5),** the GWP of biogenic methane is 28, of fossil methane 30, and of nitrous
oxide 265. Thus, 1 kg of biogenic CH, is 28 kg CO,-eq, and 1 kg of N,O is 265 kg
CO,-eq. These values do not include climate carbon feedbacks, feedbacks which
measure the indirect effects of changes in carbon storage resulting from changes
in climate. GWPs including climate carbon feedbacks are somewhat higher (34 for
biogenic methane, 36 for fossil methane and 298 for nitrous oxide). Most studies
cited in this report use GWPs from the IPCC’s Fourth Assessment Report (AR4)
which gives 25 for biogenic and fossil methane and 298 for nitrous oxide. While
most studies use GWP for summing GHGs, Chapter 4 discusses an alternative to
this approach.

6% Batjes, N.H. (1996). Total carbon and nitrogen in the soils of the world. European Journal of Soil Science,
47, pp. 151-163.

64 Myhre, G., D. Shindell, F.-M. Bréon, W. Collins, J. Fuglestvedt, J. Huang, D. Koch, J.-F. Lamarque, D. Lee,
B. Mendoza, T. Nakajima, A. Robock, G. Stephens, T. Takemura and H. Zhang. (2013). Anthropogenic and
Natural Radiative Forcing. In: Climate Change 2013: The Physical Science Basis. Contribution of Working
Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F,
D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)].
Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA.
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Studies that focus on soil carbon usually - although not always - refer to carbon
(C). This often becomes a source of confusion when numbers are compared
because the weights of carbon and carbon dioxide are different. A tonne of
carbon dioxide contains much less actual carbon - oxygen makes up most of

the weight. The molecular weight of carbon is 12 (expressed as 12 g/mol). The
molecular weight of oxygen is 16 (16 g/mol) and there are two atoms of oxygen
(each with a molecular weight of 16) for every atom of carbon. As such, one tonne
of carbon dioxide only contains 12/44 = 0.27 tonnes of carbon.

Strictly speaking, the carbon sequestration potential should only be referred

to in terms of carbon since soils do not hold CO,. However, to enable ready
comparisons with atmospheric emissions of CO, or of other greenhouse gases (as
CO, -eq) this report also shows the carbon sequestration potential expressed in
terms of CO, - that is the amount of carbon in soils that, if were released into the
atmosphere would combine with oxygen to form CO,. This is done by multiplying
the mass of carbon (see Box 6 for how this is obtained) by 44/12 = 3.667. So 1
tonne of carbon is equivalent to 3.667 tonnes of carbon dioxide.

When claims are made about the sequestration potential of different management
types, the unit needs to be noted, to avoid the risk of making inaccurate
comparisons or claims.

It is important at this point to distinguish between storage and sequestration. The
former is the quantity of carbon trapped or locked into the soil (the stock); the latter
refers to the net transfer of carbon from the atmosphere to soil or biomass (the
income). Carbon can of course also be stored in above ground vegetation.

Soils and mature forests can have important stores of carbon within their biomass
without sequestering much. Young forests and soils that are managed in a particular
way so as to accumulate organic matter sequester carbon. The sequestration rate
diminishes to zero over a period of decades as soils reach a new state of carbon
equilibrium, and gains can be lost if soils are ploughed up or inputs of carbon cease
(see Section 3.3).

Peatlands store the most soil carbon per hectare by a long way, followed by boreal
forests and then temperate and tropical grasslands. But because of their larger land
area in absolute terms, boreal forests are the largest soil carbon stores, followed by
temperate and tropical savannas - the latter hold about a third of total global soil
carbon stocks (Figure 5).55%¢ Of course, there is also considerable carbon in above
ground vegetation.

85 |PCC (2000). Land use, land use change and forestry. Watson, RT., Noble, I.R., Bolin, B., Ravindranath,
R.H., Verardo, D.J. and Dokken, D.J. (Eds.) Cambridge University Press, UK.

56 White, R., Murray, S., and Rohweder, M. (2000). Pilot Analysis of Global Ecosystems: Grassland
Ecosystems, World Resources Institute, Washington D.C.
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Figure 5: Absolute stocks and stocks per hectare per biome.
Data from IPCC (2000)%’
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Box 6: How are carbon stocks and carbon sequestration rates in
soils measured?

To assess the effect of a management practice on soil carbon, one needs to
measure the soil’s organic carbon composition. There are several ways of doing
this, the most reliable being to use an auger - a drill that typically takes a sample
of soil down to 20-100 cm in depth.

The soil then has to be analysed. The most accurate method is to use a dedicated
carbon and nitrogen analyser. These are commercially available and use a dry
combustion method to estimate the concentration of organic carbon in the soil
sample. These instruments heat a small sample (a fraction of a gram) of dry
pulverised soil to around 900°C and measure the CO, produced - they usually
measure nitrogen as well.?® The results are expressed as the percentage of
carbon in the sample. The carbon stock is then calculated by multiplying the
percentage of carbon (e.g. 2%) by the depth of the measurement in cm (e.g. 30
cm) by the soil's bulk density in g/m?3. By repeating soil sampling over a range

of years the change in carbon stocks (loss or gain) can be estimated. Note that
when measuring changes in soil carbon over time it is essential to take account of
changes in the soil’'s density. This can be managed by basing calculations on the
same mass of soil rather than to a standard soil depth.

Typically, the top 30 cm of soils contains the largest concentration of carbon.
Nevertheless, while greater depths contain lower concentrations, they may store
a great deal in absolute terms - one study of UK soils finds that around 60% of
all its stored carbon is in the zone below 30 cm. These lower depths have been

87 |PCC (2000). Land use, land use change and forestry. Watson, RT., Noble, I.R., Bolin, B., Ravindranath,
R.H., Verardo, D.J. and Dokken, D.J. (Eds.) Cambridge University Press, UK.

5% Donovan, P. (2013). Measured soil carbon change [online]. http:/soilcarboncoalition.org/changemap.htm.
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far less researched since measurements are harder to take. Proponents of organic
farming are particularly keen to highlight the knowledge gaps here as they claim
that organic management does a better job of pushing carbon down into these
lower depths than conventional farming. This is an area where more routine
measurement and experimentation is certainly needed, and there have recently
been encouraging advances in developing the necessary tools.t27°

Flux measurements are another way of estimating changes in soils carbon stocks.
This method measures gaseous fluxes from the soil-vegetation surface but does
not measure carbon losses in other forms, such as dissolved carbon. To estimate
the total organic carbon change, one has to estimate all the other sources and
sinks of carbon that may not be in gaseous form so as to derive, by subtraction,
the change in soil organic carbon. This reliance on estimates makes flux
measurement approaches less reliable than the augur and combustion method.

Perhaps even more problematic are the current practical and economic limits on
our ability to measure soil carbon at a large scale. First, to get an accurate picture
of current stocks and future changes, it is necessary to sample widely to ensure
that measurements are representative of the entire land area, as even patches
very close to one another can vary considerably in their carbon content. Control
areas may also need to be sampled if the aim is to assess the effects of a change
in management. Taking samples is time consuming and expensive.

Then, there are the temporal dynamics to consider. The soil organic carbon
content changes slowly and only marginally from year to year, so change needs to
be measured over a long time-frame. Typically, the initial rate of sequestration may
begin quite high and then progressively diminish until equilibrium is reached.

Any change in carbon is, moreover, being measured against huge background
stocks. The ‘noise’ from the uncertainties in actually measuring the baseline stock
can make it hard to measure the relatively small changes taking place.

All these uncertainties and the need for a longer-term view are important to
recognise when dramatic claims are made about increases in SOC achieved after
just a few years. Usually it takes about a decade to gain a sense of the direction of
change - and as noted it is essential to have a reasonable number of samples and
adequate statistical power to adjust for the ‘noise’.”!

Finally, as interest in soil carbon as a potential mitigation measure grows,’?
motivated farmers are increasingly keen to measure changes in the soil carbon
on their farms. High costs and the scarcity of accurate measurement tools for the
non-specialist make this difficult. Clear information, accurate, affordable tools and
robust verification procedures are very much needed so that farmers, researchers
and policy makers can learn from the natural experiments of innovative farmers,
and to avoid the risk that inaccurate or over optimistic claims gain currency.

Zimmermann, M., Leifeld, J., Schmidt, MW.I.,, Smith, P. and Fuhrer, J. (2007). Measured soil organic matter
fractions can be related to pools in the RothC model. European Journal of Soil Science, 58, pp. 658-667.
doi: 10.1111/j.1365-2389.2006.00855 ..

Ostle, N.J.,, Smith, P, Fisher, R, Woodward, F.I, Fisher, J.B, Smith, J.U., Galbraith, D., Levy, P., Meir, P,
McNamara, N.P. and Bardgett, R.D. (2009). Integrating plant-soil interactions into global carbon cycle
models. Journal of Ecology, 97, pp. 851-863. doi: 10.1111/}.1365-2745.2009.01547.x.

Smith, P. (2004). How long before a change in soil organic carbon can be detected? Global Change
Biology 10, pp. 1878-1883.

4 pour 1000 (2017). Understand the “4 per 1000” initiative [online]. http:/4p1000.org/understand
(accessed 11.717).
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When natural systems are converted to agricultural use, soil carbon stocks usually
decline, often by as much as 60% ifthe conversion is to cropland.” Within agricultural
lands, since grasslands contain more carbon than croplands, soil carbon decreases
when grasslands are converted to cropland, and vice versa.”

3.2 How does sequestration work?

Sequestration is the process of removing carbon from the atmosphere, where it is
present in the form of CO,, and drawing it down into the terrestrial pool, via the plants
growing on the land.

Sequestration works like this: plants take in carbon dioxide through their stomata,
the microscopic openings, in their leaves. Through photosynthesis, some of the CO,
is converted into a food source, glucose, and then into other compounds to build
the plant’s biomass (accompanied by a production of oxygen), and then water and
some CO, is released back into the atmosphere through respiration. Many microbial
organisms also utilise CO, in a similar way.

As the plant grows, so does the carbon it contains. Some of this carbon will be in its
above ground biomass (stem, leaves, flowers, seeds), and some in its root structure.
When plants and other forms of biomass, such as worms, die and decay most of this
carbon is emitted back to the atmosphere as CO, over a period of weeks or months,
and the net effect on atmospheric CO, concentrations is therefore zero. But some may
be converted into more stable carbon compounds that can stay in the soil for decades
or even hundreds of years. This might occur if biomass is buried or otherwise drawn
down deep into soils where it is not disturbed: if it is already below ground (as plant
roots are) and left there in peace, or if the carbon in the above ground vegetation

is processed into forms that are less prone to decay, such as biochar. There is no
inevitability about this conversion though - the organic matter in a soil may increase,
but if the carbon it contains remains in a very labile form, it will be re-released within

a matter of weeks or months. It does not necessarily become converted into a more
stable form and thus in the long term the soil carbon content may not in fact increase
(although soils rich in organic matter nonetheless offer advantages for soil texture,
water retention and ultimately for crop productivity). The presence of favourable soil
and climatic conditions, as well as management regimes, is critical to the formation of
soil carbon and the maintenance of its stability. Figure 6 provides a simple illustration
of the sequestration process.

73 Guo, L.B. and Gifford, R.M. (2002). Soil carbon stocks and land use change: a meta-analysis. Global
Change Biology, 8, pp. 345-360.

/4 Richards, M., Pogson, M., Dondini, M., Jones, E.O., Hastings, A., Henner, D. Tallis, M., Casella, E., Matthews,
R., Henshall, P. Milner, S., Taylor, G., McNamara, N., Smith, J.U. and Smith, P. (2017). High-resolution spatial
modelling of greenhouse gas emissions from land-use change to energy crops in the United Kingdom.
Global Change Biology Bioenergy, 9, pp. 627-644. doi: 10.1111/gcbb.12360.
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Figure 6: Key carbon cycling dynamics in terrestrial ecosystems
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Note: This Figure provides a simplified representation of some key carbon cycling dynamics in
terrestrial ecosystems . For further details on land management impacts on soil carbon stocks
and carbon cycling dynamics in grazing systems, see Sections 3.3 and 3.4.

Terrestrial - including agricultural - ecosystems can be a source of carbon when the
pace of respiration and organic matter oxidation exceeds the pace of CO, fixation
through photosynthesis. This might happen if land is overgrazed, trees felled, biomass
burned, or carbon-rich peat soils drained or ploughed up. If the reverse happens, they
can function as a sink, and there is a net transfer of carbon from the atmosphere to the
soil, or to the growing biomass.

3.3 What land management approaches hold potential to
sequester carbon? And what are their risks and limitations?

Many land management options have potential to achieve carbon sequestration in soils
as well as in above ground biomass.”> Afforestation and reforestation are perhaps the

7> Smith, PM., Bustamante, H., Ahammad, H., Clark, H., Dong, E.A., Elsiddig, H., Haberl, R., Harper, J., House,

M., Jafari, O., Masera, C., Mbow, N.H., Ravindranath, CW.,, Rice, C., Robledo Abad, A., Romanovskaya, F.,
Sperling, and F. Tubiello (2014). Agriculture, Forestry and Other Land Use (AFOLU). In: Climate Change
2014: Mitigation of Climate Change. Contribution of Working Group Il to the Fifth Assessment Report of
the Intergovernmental Panel on Climate Change [Edenhofer, O., R. Pichs-Madruga, Y. Sokona, E. Farahani,
S. Kadner, K. Seyboth, A. Adler, I. Baum, S. Brunner, P. Eickemeier, B. Kriemann, J. Savolainen, S. Schlémer,
C. von Stechow, T. Zwickel and J.C. Minx (eds.)]. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA.
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most obvious and most traditional example - carbon will be sequestered in above-, as
well as below-, ground biomass.

In croplands, options include adding carbon-rich matter to soils (such as manure,
compost, or crop residues); and management options that reduce carbon losses,

such as conservation agriculture, reduced tillage or growing perennials (such as ley,
fruit and nut trees or future perennial versions of current annual crops) to reduce

soil disturbance. Additional options include planting legumes to stimulate plant
productivity and thereby increase carbon inputs to soils; and using catch crops, crop
rotations and inter-cropping to maintain vegetation cover and ensure that carbon
inputs continue year-round. As with all land management options, these options come
with caveats and trade-offs which may variously include increased N,O emissions,
problems with weed control or lower productivity per area over time.

In grasslands, sequestration measures may include planting deep rooted grasses;
adding legumes; adding carbon-rich matter such as manure to soils, stimulating
forage productivity (including through better water and nutrient management); fire
management - and changing the management of grazing (timing and intensity) -
discussed in some detail in Section 3.4.

While not all sequestration approaches involve animals in grazing systems, many
indirectly affect assessments about the merits of using ruminants to sequester carbon,
since land is limited. There may be an opportunity cost; using land or organic matter
for one purpose or on one area precludes its use for another, and any decision made
could have subsequent effects on land use and soil carbon somewhere else.

For example, if crop residues are incorporated into soils, then the animals that were
previously eating those residues will either go unfed, or have to consume bought-in
feeds - which may cause land use change somewhere else.”® Alternatively, an area of
grazing land could be used to plant trees: this will sequester carbon, but the land can
now no longer be grazed (although sometimes silvo-pasture may be an option’’’8).
The carbon gains from afforestation need to be compared with those possible through
better grazing management, and the effects will vary by context.”” And since most tree
planting does not provide food, the knock-on effects need considering: what are the
consequences for land of obtaining the equivalent amount of food by grazing animals
somewhere else, or shifting to landless livestock systems, or growing crops? Section
5.4 discusses some hypothetical scenarios.

75 Giller, K.E, E. Witter, M. Corbeels and P. Tittonell (2009). Conservation agriculture and smallholder farming
in Africa: The heretics’ view. Field Crops Research, 114(1), pp. 23-34.

77 Beckert, M.R., Smith, P, Lilly, A. and Chapman, S.J. (2016). Soil and tree biomass carbon sequestration

potential of silvopastoral and woodland-pasture systems in North East Scotland. Agroforestry Systems
90(3), pp. 371-383. 371. doi:10.1007/s10457-015-9860-4.

78 Tonucci, R.G., Nair, PK., Nair, V.D., Garcia, R., Bernardino, F.S. (2011). Soil carbon storage in silvopasture

and related land-use systems in the Brazilian cerrado. J Environ Qual., 40(3), pp. 833-41. doi: 10.2134/
jq2010.0162.

79" Guo, L.B. and Gifford, R.M. (2002). Soil carbon stocks and land use change: a meta analysis. Global
Change Biology, 8, pp. 345-360.
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There are, moreover, considerable problems with using soil carbon sequestration as a
climate mitigation approach.®°8

The first is that carbon sinks are reversible - what can be done, can be undone. Soil
carbon stocks can increase through good soil management, but also be lost through
bad management. This is a very real danger given changes in farm ownership - and
thus the guality of management expertise or its focus - and the many variables that
influence whether a particular management practice continues. Climatic fluctuations,
such as a drought for example, can also reverse any carbon gains. These risks underline
the point that it is even more important to preserve existing stocks of carbon in soils
and forests than it is to try to sequester more carbon.

Second, while soil carbon stocks increase quite rapidly after an improved management
regime is implemented, the rate of increase progressively declines (see Figure 7).

As soils approach a new equilibrium (where carbon flow in equals carbon flow out),
perhaps over 30-70 years, the net removal of CO, from the atmosphere dwindles to
zero. Generally the more degraded the soils, the more they can sequester before this
saturation point is reached - soils in good condition may not be able to sequester
much if any more carbon. More importantly still, the stock also needs to be maintained
since any change in management which undermines the improved regime - that

is, that decreases the higher carbon input - could reverse the sink, and partially or
completely undo the mitigation effect.

Figure 7: The changing rate of soil carbon sequestration over time as equilibrium
is reached. From Smith et al. (2014)®°
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Note: This graph show the increase in organic carbon (% C to 23 cm depth), calculated from
total N values presented in Johnson et al. (2009),%% assuming a C:N ratio of 10:1. Total N values
were from a humber of silky clay loam soils sown to grass from cropland at various times and for
various periods at Rothamsted, UK.

80 gmith, P. (2005). An overview of the permanence of soil organic carbon stocks: influence of direct

human-induced, indirect and natural effects. European Journal of Soil Science, 56, pp. 673-680.

Smith, P. (2012). Soils and climate change. Current Opinion in Environmental Sustainability, 4, pp. 539-
544. doi: 10.1016/j.cosust.2012.06.005.

82 Smith, P. (2014). Do grasslands act as a perpetual sink for carbon?. Global Change Biology, 20(9), pp.

2708-271.

85 Johnson, A.E., Poulton, P.R., Coleman, K. (2009). Soil organic matter: its importance in sustainable

agriculture and carbon dioxide fluxes. Advances in Agronomy, 1