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ABSTRACT: The general public is increasingly critical of extensive, ruminant-dominated systems
for their attributed high greenhouse gas emissions. However, advocates of low input, grass-fed systems present them as paradigmatic sustainable production systems because of their biodiversity,
land use, rural development and animal welfare benefits. We reconcile both analyses by proposing
to assess baseline emissions in grazed ecosystems. We show that policies aiming at transitioning
grass-fed systems towards fodder-based (concentrate- or grain-based) systems can be ineffective at
reducing emissions because wild ruminants or termites fill livestock’s ecological niche. Climate
change policies targeting livestock should carefully evaluate derived emissions scenarios.
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1. LIVESTOCK’S CLIMATE BURDEN
The contribution of ruminant livestock to climate
change has been a recurring issue in the recent public
debate. The urge to act against climate change (Nature Climate Change 2017 [editorial]), and the development of a multinational agreement to do so at the
CoP21 meeting in Paris, has raised multiple voices in
the media (The Economist 2014, Wellesley 2015,
Monbiot 2017) calling for interventions in the livestock
sector. The underlying reasons are twofold: first,
14.5%, of annual total anthropogenic greenhouse gas
(GHG) emissions is attributed to livestock. Second,
meat consumption and income follow an inverted Ushaped relationship that forecasts a huge increase in
animal product demand from China, India and other
developing countries (Gerber et al. 2013), as their societies increase in affluence. Alternative protein sources
*Corresponding author: pablo.manzano.baena@gmail.com

are also being advocated for, including insects (Heffernan 2017) or vegan diets (Poore & Nemecek 2018).
These views are not new, but were strengthened
following the airing of the environmental documentary ‘Cowspiracy’ in 2015, which accused environmental organizations of ignoring the livestock industry’s role in climate change. This was echoed by the
media, calling for the intensification of livestock production as a climate-friendly strategy, in response to
the high amount of emission equivalents attributed to
ruminant methanogenesis.

1.1. Claims for pastoralism being the most
emission-intensive system
As such calls for livestock policy change have
particularly negative repercussions for pastoralist sys© Inter-Research 2019 · www.int-res.com
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tems, advocates for grass-fed systems have responded
with arguments around the capacity of rangelands to
fix carbon and the compensation it would imply in
terms of GHG effect. However, such arguments have
been contested by more comprehensive data analyses
(Garnett et al. 2017). Analyses of the consequences of
suggested policy applications, however, have still
failed to integrate pertinent research.
Life cycle analysis (LCA) has been used to attribute
GHG emission to a host of products, and to specific
hotspots within the supply chain (Gerber et al. 2013,
Wible et al. 2014, Poore & Nemecek 2018). LCA of
livestock products, which includes emissions from
fodder production, has revealed the role of fossil
fuels in livestock production accounts for only 20%,
while methane from enteric fermentation and nitrogen oxides from manure — mainly from ruminants —
and, to a lesser extent, nitrogen oxides from nonruminant manure and fodder fertilizers, account for
most emissions. The low average quality of feed in
developing countries and marginal areas (mountains,
drylands) around the world, based on grass-rich diets
with high cellulose and lignin content and very minimal concentrate- and grain-based inputs, is the main
underlying GHG source, and also the most obvious
target for action. This is to be achieved through farm
intensification: by improving feed conversion rates
through higher protein content that shortens days to
slaughter, and through promotion of meat sources
that are less emission-intensive, such as chicken and
pig (Gerber et al. 2013, Garnett 2017, Wirsenius et al.
2017), since ruminants are blamed for 80% of the
GHG emissions in livestock systems, or 65% for cattle alone (Garnett et al. 2017). LCA has proven to
exert great influence on how society at large, and
industry stakeholders in particular, perceive sustainability (Garnett 2014, Wirsenius et al. 2017); livestock
production seems to be no exception. Scientists are
further expanding the recommendation for livestock
intensification (Havlík et al. 2014, Ripple et al. 2014,
Merrigan et al. 2015), which is being echoed in
media discussions (The Economist 2014, Wellesley
2015, Monbiot 2017) that lead to policy agendas
(Manzano Baena 2012). ‘Land sparing’ strategies are
expected to also help by concentrating livestock in
intensive farms and releasing land from grazing
pressure, i.e. abandoning it (Campbell et al. 2014,
Balmford et al. 2018).
The lifespans of the different GHGs vary; nitrous
oxide and methane, the primary GHGs produced in
livestock production, have lifespans on the range of
decades, whereas the impact of CO2 spans millennia.
Newer, alternative assessment methodologies that

take into account the varied durations of GHGs in the
atmosphere do offer a more environmentally sustainable picture for extensive livestock (Pierrehumbert &
Eshel 2015). Studies in tropical Africa show an emission profile for pastoralist systems lower than originally estimated (Pelster et al. 2016, Assouma et al.
2017). However, the perception of extensive livestock as a high-GHG form of land use persists, with
increased new evidence pointing to emissions being
even higher in the sector (Wolf et al. 2017), and thus
pressure remains to replace beef with pork and poultry (Garnett et al. 2017) or with vegan diets (Poore &
Nemecek 2018).

2. PROPOSED POLICIES THAT COULD DAMAGE
BENEFITS FROM PASTORALISM
Implementation of the proposed policy measures
will inevitably target widely extended production
systems that rely on vast expanses of marginal land
unsuitable for crop production: mainly low input, low
output livestock systems. These systems can be
broadly referred to using the umbrella term ‘pastoralism’, encompassing systems not typically labeled
as such, including those of many North American
producers. This is a generalized term for systems that
actually have a varying degree of inputs, such as
occasional fodder provision or fertilizer applications;
we propose a conceptual analysis addressing systems where such inputs are lowest. In such systems,
the majority of feed resources would consist of rangelands—including forests, woodlands and grasslands—
that are natural ecosystems, and not deforested
lands, e.g. Amazonian pastures. These rangelands
are generally characterized by high variation in production and quality across seasons and years, and by
vegetation with very high fiber content. Efficiency in
their use increases with livestock mobility or communal tenure that allows for the use of heterogeneous
landscapes and resources, and eliminates concentrateand grain-based input, and confinement periods.
How common are these systems globally? If analyzed in isolation, grass-fed systems on grasslands
account for a maximum of 49% of the continental
land, and host almost a fifth of the cattle and a third
of the small ruminants (Garnett et al. 2017). Such
approaches do, however, not take into account that
many pastoralist systems make use of wood pastures
(Plieninger et al. 2015) or fodder trees (Franzel et al.
2014), or the relevance in terms of area used by less
common livestock species such as reindeer, yaks or
camels, so the extent of such systems may be sig-
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nificantly larger (Manzano 2015), up to 56% of the
global land mass (Sayre et al. 2017). In any case, and
in spite of the uncertainties of the total extent of
grazed areas, uncultivated grass and leaves make up
46% of the global livestock feed intake (Mottet et al.
2017). Ruminant livestock intake of grass and leaves
is logically higher than the average 46%, and such
intake is also higher in grazed and mixed systems
(Garnett et al. 2017). Given that mixed systems display the highest herd and production numbers, the
relevance of our perspective goes beyond the purely
grazed systems that are conceptually analyzed here.
Pastoralist systems also generally have advantages
regarding sustainability and efficiency, including the
use of marginal lands that do not compete with agriculture — especially important in regard to ‘land
sparing’ arguments; improved aspects of animal welfare; higher product quality; nutrient cycling and soil
improvement; and social justice for farmers that cannot afford to purchase fodder (Bernués 2017, Manzano-Baena & Salguero-Herrera 2018). Pastoralist
systems also generally have high environmental benefits, although there is variability depending on grazing practices and historical land cover. These benefits include improved ecosystem function (e.g. seed
dispersal, moderate ecosystem disturbance), ecosystem service provision, and biodiversity conservation
in comparison with abandoned landscapes, very
much in contrast with other agricultural practices
(Eisler et al. 2014, Schader et al. 2015, Bernués 2017,
Muller et al. 2017). Indeed, modern day grazing
practices can in many ways emulate the impact of
historical herbivores, achieving a similar function
(Veblen et al. 2016).
These benefits have been incorporated in LCA,
showing a more favorable picture for pastoralism, yet
with continued implications of high GHG emissions
(Ripoll-Bosch et al. 2013, Bernués 2017). A modeled
assessment (White & Hall 2017) of a total switch to
plant-based diets in the United States shows clear
benefits in terms of GHG emissions, but at the
expense of higher land conversion, unbalanced diets
and a higher risk of failing to meet the population’s
nutritional requirements. High GHG emission intensities attributed to pastoralism are consequently interpreted in the public debate as a burden to be borne
in exchange for services provided by benefits associated with pastoralists. Future policy scenarios
promoting monogastrics, land sparing, or changes in
food ratio composition, would correctly apply the
philosophy of sustainable intensification, correctly
targeting mixed crop-livestock systems to reduce
GHG emission intensity (Gerber et al. 2013, Herrero
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et al. 2016, Wirsenius et al. 2017). However, they
could collaterally eliminate pastoral systems in conjunction with other negative policies that are already
undermining them (de Jode 2010, Khazanov 2013,
Manzano 2015, Bassi 2017), with such potentially
negative effects for certain sectors, the key question
is: would total GHG emissions in pastoral lands
indeed be reduced?

3. AN ECOLOGICAL SCENARIO ANALYSIS
Quantification of the potential GHG emissions in
an abandonment scenario of pastoralist lands is
fundamental in assessing the potential efficacy of
livestock intensification policies for GHG reduction.
The implicit assumption is that there would be no
replacement of the niche currently filled by livestock.
This runs against recommendations following CoP21
for rewilding as a means to ‘recarbonize’ marginal
agricultural land (Lal 2016). Indeed, both wild ruminants and termites would be expected to quickly fill
these niches (Itoh 2018), while both happen to be
methane producers as well. Not only does the current
approach lack guidance on this subject, but quantifying potential emissions is a difficult task in the case
of the two main ‘suspects’: there are no available
estimates on the current number of wild ruminants
(Havlík et al. 2014) and the uncertainty of termite
emissions is large.

3.1. Wild mammal herbivores
Pre-European contribution of bison, elk and deer to
methane in North America is estimated to be 86% of
current domestic ruminant emissions, including livestock from zero-grazing and mixed systems. Currentday emissions of wild ruminants are further estimated at 4.3% (Hristov 2012).
This estimate of 86% would likely be further elevated if megafauna present before the arrival of the
first humans, and subsequently hunted to extinction
before European settlement, were included. Data
from Siberia support this idea, where Pleistocene
methane emissions from megaherbivores would have
been much higher than current ones (Zimov & Zimov
2014). Recent debates on conservation approaches
linked with ‘land sparing’ are exploring the rewilding of landscapes, introducing extant megaherbivores or cloning of extinct species to restore the ecosystem functionality lost through early human hunters
(Corlett 2016). However, research suggests methane
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Fig. 1. Conceptual approach for the different GHG emission and use scenarios according to type of grazing system. Policies favoring abandonment of pastoralism would convert (B) current pastoralist systems either into (A) abandoned landscapes that keep a similar high level of greenhouse gas equivalent (GHGeq) emissions or, in the lands best suited for
crop farming, into (C) landscapes cultivated for fodder where GHGeq emissions would decrease but intensity of fossil
fuel use, mainly due to increased fodder demand, would multiply. The level of GHGeq emissions is determined by conversion models (Gerber et al. 2013, but see Pierrehumbert & Eshel 2015). Scales are arbitrary — values for GHGeq emissions
and for fossil fuel use are not equivalent

production is positively correlated with herbivore
size (Clauss & Hummel 2005), so the contribution of
extinct megaherbivores would have been more substantial than that of current wild herbivores (Smith et
al. 2015, 2016). Wild ruminants may also be less efficient in feed conversion and therefore stronger GHG
emitters than domestic ones, as the latter have been
subjected to heavy selection for efficiency (Herrero
et al. 2011, Smith et al. 2015). Thus, although domesticated ruminants may be responsible for large
amounts of current-day emissions, their emissions
would be expected to be equal to or less than those of
historical wild populations (Fig. 1), and have been
relatively constant over time, as opposed to fossil fuel
emissions, which have increased dramatically since
the Industrial Revolution.

3.2. Termites
In respect to termites, their habitat comprises 68%
of terrestrial land cover, a surface representing 77%
of the terrestrial Net Primary Productivity (NPP), and
they process the equivalent of 28% of terrestrial NPP
(Zimmerman et al. 1982). While data are scarce, the
most recent estimate attributes up to 18−23 Tg CO2
equivalent, or 4% of the total global methane emissions, to termites, with ruminant enteric fermentation
accounting for 22% (Spahni et al. 2011). In a scenario

where domestic ruminants would disappear from
tropical savannas, and where expansion of wild
ruminants would necessarily be prevented in order to
keep methane emissions low, it is easy to imagine an
increase in termite density to occupy the resulting
empty niche. Accounting for wild herbivores and
termites will illustrate a pastoralism abandonment
scenario with potentially higher GHG emissions,
even without the inclusion of methane and nitrous
oxide emissions from fires (Romasanta et al. 2017),
driven in our abandonment scenario by increased
catastrophic wildfires due to increased litter buildup.

4. MORE KNOWLEDGE TO INFORM POLICY
In summary, the negative repercussions of loss of
pastoralist systems are clear, and the subsequent
benefits in terms of reduced GHG are doubtful. At
the very least, livestock intensification at the cost of
pastoralist systems as a strategy to stem climate
change should be halted until there are sufficient
data with which to inform a complete assessment.
This includes one which accounts for emissions in a
landscape abandonment scenario. This would, however, require accounting for great variation among
different pastoralist systems. It is urgent to build a
quantitative understanding of emissions by wild
mammalian herbivores, especially given the recent
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trends in restoration ecology that call for rewilding
landscapes (Svenning et al. 2016, Murray 2017— also
as an option to mitigate climate change (Cromsigt et
al. 2018) — and the effectiveness of reforestation for
offsetting emissions in landscapes that are naturally
kept open by the action of herbivores and fires (Bond
2005). It is also, however, of paramount importance to
improve termite emission data, particularly at the
landscape scale level, where they are virtually nonexistent. These data should be used to refine ongoing
attempts to establish baseline scenarios in Africa
(Hempson et al. 2017), along with latest estimates
(Pelster et al. 2016, Assouma et al. 2017) on specific
emission intensities for tropical livestock.
The other scenario, where abandoned pastures are
developed into intensive agriculture, a pattern currently occurring in several regions around the world,
bodes ominously for GHG emissions as well. Ploughing of permanent grassland releases much of the carbon stored in the soil, irrespective of tilling practices
(Sørensen et al. 2014), which can only be regained
through subsequent pasture improvement, and has
further negative implications for many ecosystem
services. Further, fossil fuel use, the main cause of
climate change, through the allocation into the
atmosphere of carbon stored underground for millions of years, would be exacerbated by shifting away
from pastoralist systems. They are much less fueldependent than livestock production systems which
depend on fodder production (Fig. 1).
Increasing food production while simultaneously
reducing GHG remains a great challenge, for which
there are no easy solutions. Agricultural environmental footprint is an area of intense public interest
and where government policy can have significant
impacts. Unfortunately, flawed scientific underpinnings in other disciplines have already threatened
pastoralism, as in the conversion of dry season pastures into cropland to increase production output (de
Jode 2010), or privatization of communal lands for
higher economic efficiency (Khazanov 2013, Basupi
et al. 2017). Thus, great caution is to be exercised
when eliciting change in this arena. Assessment tools
should be used that accurately capture environmental implications of suggested solutions.

5. WAY FORWARD
Within the existing food production system, policy
makers should abstain from promoting the abandonment of pastoralist lands if they are committed to
tackling climate change, instead targeting areas of
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potential improvement within pastoralist systems.
This should, of course, be in association with the promotion of sustainable grazing practices, so that the
associated benefits of pastoralism are not sacrificed.
There is a wide array of available technologies that
can contribute to reducing emission intensity within
the pastoralist systems (Mushi et al. 2015, GerssenGondelach et al. 2017), including the use of manurefed biogas for access to safe, clean cooking stoves
(Arthur & Baidoo 2011, Teenstra et al. 2016), adopting improved pasture species (Henderson et al. 2017)
or adding feed additives that increase food digestibility by livestock (Lewis et al. 2015). These options fit
better into the concept of ‘sustainable intensification’
than other intensification options criticized in this
perspective, and can also have positive effects on the
income and welfare of pastoralist producers. However, any gains in this direction should simply be
considered a ‘surplus’; the picture should not be
distorted with highly sustainable pastoral systems
blamed for emissions they not responsible for. Finally,
an adequate evaluation of livestock systems and derived policy formulations urgently require the adoption of data collection procedures by international
organizations such as the Food and Agriculture
Organization of the United Nations, national governments and other competent authorities that can
clearly separate grass-fed systems from mixed and
zero-grazing systems. Better data are needed both in
terms of animal numbers under the different systems
and of the landscapes they occupy.
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