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Improving estimates of greenhouse gas (GHG) emis-
sions from food production, supply, consumption,
and disposal is fundamental to identifying effective
policy solutions. Through broader awareness of the
food-climate nexus, climate mitigation as well as resi-
lience can be enhanced. However, work is needed to
address knowledge gaps, promote better policies and
improve public understanding of issues related to the
food system and climate change. The intention of this
paper is not only to highlight the need for better sci-
entific understanding of the processes through which
GHGs are emitted—from production to processing,
from supply chains and retail to food preparation and
waste (figure 1)—but also to integrate science and
policy in order to scale up impact on climate change
action.

Beyond calculating the emissions from fertilizer
decomposition in the soil (e.g. Muhammad et al
2011), from converting forests to pastures (e.g. Han
and Zhu 2020), from diesel combustion in tract-
ors and fishing boats (e.g. Tomi¢ et al 2013, Ziegler
et al 2013), and from cows and other ruminants
(e.g. Herrero et al 2013), we need to cast a broader
yet tighter net (see, e.g. Crippa et al 2021) to better
identify the myriad ways in which the food system
generates emissions. For example, much of the work
to address the impact of the food system on climate
change globally has focused on crops and livestock,
with less attention paid to aquaculture and fisheries
and associated value chains.

In addition, a significant portion of total global
energy consumption is for food (FAO 2011). Energy
use occurs throughout the food system, including in
fertilizer manufacturing, food packaging and food
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preparation for consumption (i.e. cooking itself).
Socioeconomic systems, political systems, and human
dynamics are also crucial, including demographics,
economics, behavior, culture, policy, and institu-
tions. Further, this broader food system perspective
can provide a useful framework for developing solu-
tions aimed at achieving the Sustainable Develop-
ment Goals (Pradhan et al 2017).

Food-related GHG emissions are traditionally
reported by Parties to the United Nations Frame-
work Convention on Climate Change based on
the Intergovernmental Panel on Climate Change
(IPCC) guidelines (Calvo Buendia et al 2019).
These guidelines embed food system emissions in
multiple inventory categories, such as agriculture,
transport, industry, waste, and energy, irrespective
of fundamental connections between food supply
and demand dynamics (Poore and Nemecek 2018).
However, climate change mitigation and adapta-
tion strategies associated with the food system are
likely to be inefficient and possibly counterproduct-
ive unless food-related emissions from these vari-
ous sectors are conceptualized as a unified whole
(Rosenzweig et al 2020). Complementing the supply
analysis with the demand side of the food system,
for instance through changes in dietary choices, can
lead to overall GHG emission reductions (Mbow
et al 2019).

Science and policy domains have often been siloed
in academia. We suggest that a ‘double helix’ of inter-
active research by scientists and policy experts can
deliver significant benefits when analyzing poten-
tial food system solutions to climate change. Such
deliberate interactions can help to accelerate the
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Figure 1. GHG emissions sources in the food system. Reproduced from The Noun Project. CC BY 3.0.
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transformation needed to reduce the significant share
of GHG emissions arising from the food system.
The combined technical and policy solutions to these
emissions reductions involve all of the nearly eight
billion people on the planet.

The IPCC in its Special Report on Climate Change
and Land (SRCCL) suggested that the food system is
responsible for between 21% and 37% of total GHG
emissions caused by human activities (Mbow et al
2019, Rosenzweig et al 2020). As this estimate high-
lights, the food system is a major culprit in causing
climate change; however, there is large uncertainty in
the estimates. Researchers face several challenges. The
first challenge is to clearly define the boundaries of the
food system and the assumptions that are made in cal-
culating the associated emissions. The related second
challenge is to better ascertain the size of food system
emissions from the extents of the defined compon-
ents and processes. In aggregate, this improved char-
acterization could potentially fall outside the range of
the recent IPCC SRCCL estimates (see e.g. Tubiello
et al 2021, this Special Issue). A third challenge
is to reduce uncertainties so that mitigation policy
efforts can be better directed and their effectiveness
increased.

There are challenges in the double-helix science
and policy approach, such as translating conflicting
scientific results into policy recommendations. For
example, bottom-up estimates of carbon emissions
from agriculture differ substantially from top-down

biogeochemical measurements (Desjardins et al
2018). These differences may make policy recom-
mendations difficult to develop and communicate.
Moreover, the scope of scientific inquiry should not
be constrained by the limitations of what might be
practicable from a policy perspective.

There are important opportunities for progress
in the short-, as well as medium-term. On the tech-
nical side, there is the hard slog of identifying food-
related emissions in the big buckets of other relev-
ant economic sectors, such as energy, transport and
manufacturing, or important related processes, such
as food loss and waste. On the policy side, most coun-
tries have yet to include policies for reducing food
waste as a mitigation measure in their Nationally
Determined Contributions (NDCs) under the Paris
Agreement.

The goal should be to improve the measurement,
monitoring and reporting of GHGs related to the
food system and help countries include food system
measures in their climate policies. By complement-
ing supply-side mitigation (e.g. reduced deforesta-
tion and ecosystem degradation) with demand-side
measures (e.g. change towards climate-friendly diets),
countries can cut food system GHG emissions,
reduce competition for land, and maintain food
affordability. A few—but only a few—NDCs address
this. For example, Chile’s 2020 NDC highlights the
opportunities that the wider food system approach
provides:
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The agriculture sector offers differ-
ent options to reduce the magnitude
of emissions and increase carbon
absorption. These options improve
productivity in crops, soil nutrient
status, organic waste management,
microclimate or biodiversity and,
therefore, support climate change
adaptation. [However] interventions
to demand, modifications in food
selection, loss reduction and food
waste were not considered in the sec-
tor. These options also reduce GHG
emissions and improve the resili-
ence of food systems. These meas-
ures, together with the mitigation
measures in the supply side, allow the
implementation of large-scale adapta-
tion and mitigation strategies without
threatening food security due to the
increased competition for land for
food production, and higher prices.
(Government of Chile 2020)

The food system generates a significant amount
of GHG emissions, many of which are unmeasured
or imprecisely measured, across a wide range of
interrelated activities, traditionally allocated to sec-
tors other than food and agriculture. These activities
include transport of inputs from factories to farms,
energy generation for irrigation pumps and cold stor-
age, production of plastics for packaging (includ-
ing upstream methane leaks involved in producing
hydrocarbon feedstock), and power for grocery stores
and restaurants. They include the use of fossil fuels
by billions of people for food preparation (including
those who lack access to clean cooking technologies).
The disposal of food waste results in carbon dioxide
emissions from transport and methane generation in
landfills.

While the food system is central to feeding the
world’s population and supports the livelihoods of
more than one billion people, it falls short in that
690 million people globally are still undernourished
(see, e.g. SDG Goal 2). Two billion people are con-
sidered overweight or obese, many of whom suf-
fer from chronic and expensive related health con-
ditions (FAO et al 2020, Beltran-Pefia et al 2020,
this Special Issue). Actions to reduce food system
GHG emissions must not compromise—and ideally
should promote—food security, human health, and
well-being.

An important food system mitigation option may
be reduction of methane emissions from enteric fer-
mentation, especially in cattle. This has been linked
with a potential role for dietary change (Willett et al
2019). Reduction in meat consumption, especially
beef, can deliver health benefits, reduce GHG emis-
sions from livestock production, and augment the
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potential to sequester carbon on land not used for
grazing or for growing livestock feed (Hayek et al
2021). Another emerging solution attracting a lot of
attention is reducing or repurposing the significant
volumes of food waste generated throughout the sys-
tem, for example, by converting food waste to feed for
aquaculture.

Research and data are needed to inform discus-
sions on the relative benefits for countries in tack-
ling food system GHG emissions. Should policies
encourage dietary change, improved food waste man-
agement, or both? If both, how? Technical work
closely allied to policy analysis in the double helix can
respond effectively and in a timely manner to these
types of questions.

Challenges in transforming the food system
towards a more sustainable planet and a less threat-
ening climate are further exacerbated by the impacts
of climate change itself on agricultural produc-
tion and supply chains (Mbow et al 2019). These
include increases in temperature (especially heat-
waves) across the globe and changes in precipita-
tion causing droughts and floods. Food systems in
lower latitudes, which disproportionately are home
to developing countries, are the most vulnerable
to the impacts of climate change. Such socioeco-
nomic disparities are crucially important because
those with greater resources can better withstand
the challenges of increasing climate extremes. Mul-
tiple global crop and economic models show that
such circumstances in combination with imprecisely-
targeted mitigation policies (like a globally uniform
carbon tax) can increase the risk of hunger (Hasegawa
et al 2018). High carbon dioxide levels also have
been shown to adversely impact nutrient quality:
when carbon dioxide increases, protein, iron, and
zinc concentrations in the many harvested crops
decline (Beach et al 2019). Livestock diseases are
also affected by global temperature increases (Bett
etal 2017).

Great care must therefore be exercised in the
design of climate-food interventions, and innovat-
ive solutions are needed that can deliver adaptation
as well as mitigation benefits. The wide spectrum of
the way food is produced, delivered, and consumed
demonstrates that policy solutions need to be tar-
geted toward specific actors, for instance, agribusi-
ness, which is characterized by corporate consolid-
ation and vertical integration, or the large numbers
of smallholder farmers. These enterprises range from
farms of less than 1 hectare to vast holdings connected
globally.

What policies would have the most short-term
impact in reducing GHG emissions from the food
system? What policies could have an impact in the
medium- and long-term? What policy interventions
can cut emissions while improving human health,
rural livelihoods, biodiversity protection, and animal
welfare? How do social systems interact with food
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systems? Where would public investment be most
effective? How can markets help? These are urgent
policy questions for which countries need answers
now.

At the same time however, food-climate policies
that reflect changing demographics and incomes
are likely to be more effective than those that
respond only to present-day needs, as the world’s
population grows, incomes rise, and the climate
changes. (Notably, emerging economies and other
developing countries are seeing related changes in
food demand and dietary preferences.) These demo-
graphic, income, and dietary trends will have an
important impact as the food system responds to
the challenge of feeding over nine billion con-
sumers by 2050 (United Nations 2019) while sim-
ultaneously addressing its prominent role in climate
change.

Programs or policies to mitigate climate change
must consider the impact on the more than
500 million smallholder households around the
world that depend on plots of less than 2 hectares
and common grazing land for their food and liveli-
hood. This is a particularly acute issue in the least-
developed countries, where relatively larger shares
of the population rely on agriculture for their sur-
vival. A major challenge is to develop mechanisms
for just transitions to sustainable agroecological sys-
tems, which may include livestock, in ways that are
more resilient and responsive to climate change chal-
lenges. Strategies to achieve this goal include better
grazing practices, improved land management, diver-
sification of production, improved manure handling,
and better-quality feed.

Finally, we note that COVID-19 has highlighted
the cascading impacts of global systemic risks on the
food system. The pandemic has affected food pro-
duction through disruption of farm labor, food con-
sumption through supply chain malfunctions, and
food access through loss of income—all effects on
a food system already stressed by extreme climate
events. At the same time, encroachment of agricul-
ture into natural ecosystems and food production—
particularly of livestock—are major risk factors for
emergence of new pandemics (UNEP and ILRI
2020). COVID-19 and climate change both dispro-
portionately affect poor and minority populations,
threatening food security around the world. As we
recover from the current pandemic and prepare
for the next one, we highlight the importance of
integrating food systems into climate change and
public health policies, in order to ensure human
health and well-being, as well as the health of the
planet.
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