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FOREWORD
In 2021, which is the mid-term of the United Nations (UN) Decade of Action on Nutrition
(2016-2025), a UN Food Systems Summit will be convened to raise global awareness
and land global commitments to transform our food systems. Our food systems need
to deliver healthy, safe, and affordable diets for everyone, everywhere and at all times,
but currently they are not doing so. As a global community, we committed to end
malnutrition in all its forms (SDG2), reduce noncommunicable diseases (SDG3) and
ensure that our food production and consumption becomes environmentally sustainable
(SDG12), but we are not on a path to achieve those goals and targets. We depend on
healthy ecosystems and healthy people to produce our food, yet at present our food
systems make us and our planet sick.
Changing our food systems to become sustainable and resilient is a powerful and smart
way to realize progress towards achieving many, if not all, SDGs. As this report so clearly
shows: what food we produce matters, how we produce it matters, and what we eat
matters. Currently, our food production and dietary choices are impacting our health
and our environment in downward and interlinked spirals of increasing malnutrition,
diet-related and foodborne diseases, biodiversity loss, climate change and destruction of
ecosystems. This gloomy picture changes for different geographies but it nevertheless is a
gloomy picture everywhere.

Governments have a central role to reshape food systems by conducting an orchestra
of multiple players that need to play the same tune. Health Authorities have a key
role to define national dietary guidelines and outline the objectives of food system
transformation jointly with the leaders of the agricultural, industry and trade sectors.
The World Health Organization is committed to support countries in realizing this.
Bending the Curve: The Restorative Power of Planet-Based Diets is a significant
contribution to the Decade of Action on Nutrition and to the forthcoming UN Food
Systems Summit.

Francesco Branca
Director, Department of Nutrition and Food Safety
World Health Organization

This is a complex challenge, but as the report Bending the Curve: The Restorative Power
of Planet-Based Diets so well points out, the linkage of diets and environment also offers
an immense opportunity for all of us. Shifting our diets can indeed unlock a multitude
of environmental and health benefits and push us towards a virtuous uplifting spiral
towards nourishing ourselves within planetary boundaries. We can turn around the loselose into a win-win.
This report is relevant, timely and extremely useful as it demonstrates the health and
environmental impacts of our current consumption patterns by geography and it shows
the potential of dietary shifts towards planet-based diets in a very concrete way for
countries. In addition, this report also includes policy recommendations for national and
multilateral level decision-makers.
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PREFACE

FROM A GLOBAL AGENDA TO LOCAL ACTIONS
The 2020 Living Planet Report showed us that drivers linked to the food system are the
biggest causes of biodiversity loss on land and in freshwater. It also showed us that, if
we combine increased conservation efforts with a transformation of the food system,
it is possible to halt our degradation of nature and reverse the damage we have caused.
Transforming how we produce and consume food is a necessity for a nature-positive,
carbon-neutral future.
Dietary change is a central component of a food system transformation and can
accelerate other key actions such as reducing food loss and waste and adopting naturepositive production practices. There have been many recent calls for action on diets, but
most of these have looked at solutions from a global perspective. Dietary shifts can only
be achieved through local action, but there has not been clarity around how countries
existing in different contexts can make these shifts. This is particularly a problem for
those countries that need to increase food consumption to address hunger (approximately
one in twelve people go hungry every day!) and improve human health; they lack a
consistent framework in which to understand how to minimize environmental impacts.
Meanwhile, richer countries rarely equate human health to environmental health and
often encourage eating patterns which are not ambitious enough to restore our planet.
The global imperative must be translated into national and sub-national contexts,
by understanding the impacts of shifting consumption patterns, on both human and
environmental health. There is no one-size-fits-all solution and we need flexible,
adaptable models which can be tailored to different cultures, but consistently deliver high
human health benefits and low environmental impacts: Planet-based diets. The need
to provide countries with localized information which allows them to build their own
solution, within a flexible model guided by a set of key principles, led us to develop this
report and its accompanying assets.
Bending the curve: The restorative power of planet-based diets is a scientific report in
which we explore three things: firstly, the current impacts of food consumption, at a
country level, on both human and environmental health; secondly, the extent of change in
impacts on human and environmental health if current consumption shifted to different
diets; thirdly, the strategic areas in which dietary shifts can have most significant impact
on bending the curve on the negative impacts of the food system – moving from a system
that exploits the planet to one which restores it for nature and people.
BENDING THE CURVE: THE RESTORATIVE POWER OF PLANET-BASED DIETS

The evidence in this report shows there is an opportunity to improve human and
environmental health by making dietary shifts that eliminate over-consumption of any
foods, and that doing so can help us achieve the Sustainable Development Goals and the
Paris Agreement. There is a clear role for national governments to play, and reforming
national dietary guidelines is one tool at their disposal. Of course, there may be trade-offs
involved – a planet-based diet will support sustainable production systems and reduce
food waste but improving some environmental aspects at a national level may mean some
others suffer. There can also be impacts outside the food system and on socio-economic
factors which will require government action, broad coalitions and social safety nets
to alleviate such impacts. That’s why dietary transitions must be part of a holistic food
system transformation designed by multiple stakeholders and be accompanied by naturepositive production practices and reductions in food loss and waste.
WWF is committed to both reducing the footprint of our consumption and eliminating
habitat conversion, thus working to help transform the food system – from production
to consumption to loss and waste. We are delighted to present this report, identifying
specific areas in which individual countries can adopt planet-based diets. We look
forward to working with civil society organizations and in partnership with both the
public and private sector to achieve dietary shifts which align human and environmental
health for the benefit of people and nature and identify the areas in which other actions
are also required.

João Campari
Global Food Practice Leader, WWF International
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EXECUTIVE SUMMARY
Copyright Credit © WWF-US / Kelley Ashford
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Numerous recent studies have shown that a global shift toward healthier, more sustainable diets
will combat climate change, improve human health and food security, reduce biodiversity loss, save
lives, decrease the risks of future pandemics, and unlock economic benefits. This research has helped
establish the global impacts of the current food system; now these global recommendations must
be translated into local reality. We begin this work by offering a detailed analysis of the impacts of
various dietary patterns (including national dietary guidelines) on several health and environmental
variables in 147 countries around the world, highlighting impacts using a handful of examples.
We frame the analysis around five strategic actions that can be strongly influenced by dietary shifts
and are needed to bend the curve on the negative impacts of the food system, moving from one
that exploits the planet to one that restores it for nature and people. These actions are 1) reversing
biodiversity loss; 2) living within the global carbon budget for food; 3) feeding humanity on existing
cropland; 4) achieving negative emissions; and 5) optimizing crop yields. National-level success on
these strategic actions through dietary changes is critical to building a nature-positive food system
that helps to reverse the loss of nature to restore both people and planet.
Dietary shifts toward planet-based diets can contribute to climate, biodiversity and sustainable
development goals. As the Living Planet Report 2020 highlights, achieving these international goals
and commitments is more urgent than ever: “humanity’s increasing destruction of nature is having
catastrophic impacts not only on wildlife populations but also on human health and all aspects of our
lives.”
Currently, we are producing enough food to feed the planet, but global food production does not
respect planetary boundaries. We are now beginning to see the consequences of our actions and the
warning signs of a planet in crisis. Dietary shifts are key in reversing course so that food is produced
in a way that restores the planet, not destroys it. In the end, dietary changes will play out at local levels
and differently in countries around the world. Understanding the impacts of country-level dietary
shifts and how the strategic actions outlined in this report synergistically interact is a critical first step
toward taking action.

WHAT ARE PLANET-BASED DIETS?
Planet-based diets are “win-win” consumption patterns that are high on human health benefits and
low on environmental impacts. They comprise healthy and sustainable ingredients produced within
planetary boundaries and adaptable to local contexts. These diets discourage over-consumption of
any food, to the extent that over-consumption negatively impacts biodiversity, the environment and
human health. In particular, a large body of evidence has shown that reducing over-consumption
of animal-source foods, by increasing the relative consumption of plant-based foods, confers both
environmental and health benefits (win-win).
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KEY POINTS
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Shifting diets can unlock a multitude of environmental
and health benefits including combating the climate
and biodiversity crises, relieving water stress and
eutrophication of lakes and oceans, and saving lives. But
these impacts play out differently in countries around the
world and must to be assessed separately for each country.
Dietary shifts toward more planet friendly diets
is a powerful lever for achieving more ambitious
Nationally Determined Contributions (NDCs),
a more holistic Post-2020 Global Biodiversity
Framework, and a renewed commitment to the
Sustainable Development Goals (SDGs).
National Dietary Guidelines (NDGs) are important
tools for changing diets and act as a bridge between
global dietary recommendations and local context and
relevance. Current NDGs, however, are not ambitious
enough to achieve global goals and commitments and
should therefore be reviewed and updated to ensure they
are in line with global health and environmental targets.
Five strategic actions need to be achieved to bend
the curve on a food system that currently exploits
nature to one that restores nature. These actions are
1) reversing biodiversity loss; 2) living within the
global carbon budget for food; 3) feeding humanity
on existing cropland; 4) achieving negative emissions
and; 5) improving water and fertilizer use.
A full range of policy levers need to be implemented to
leverage dietary changes as a tool for achieving the five
strategic actions outlined in this report. Countries must
commit to closing the evidence gaps that remain regarding
specific implications of dietary shifts at the national level
and which actions are most effective for their context.
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FIVE STRATEGIC ACTIONS
Five strategic actions, which can be strongly influenced by dietary changes, need to be achieved to bend the curve on the negative impacts of the
food system (Figure 1), moving from one which exploits the planet to one that restores it for nature and people. These are:

1

Reversing biodiversity
loss – rapidly slow down
and move toward zero loss
of biodiversity from food
production while also using
agricultural systems to restore
biodiversity across the planet.

FIGURE 1.

National level success on
five strategic actions is
needed to bend the curve
on the negative impacts of
the food system, moving
from one that exploits the
planet to one that restores
it for nature and people.
The relative position of the
lines does not reflect the
magnitude of potential
impact of each action
but instead that all three
actions are important.

2

Living within the global
carbon budget for food –
reduce total greenhouse gas
emissions from food production
to at most 5 Gt CO2-eq, the
maximum allowable total global
emissions (or carbon budget)
from producing our food.

RESTORING

3

Feeding humanity on
existing cropland – stop
expansion of new cropland, or
any agricultural land, at the
expense of natural habitats,
supplying future food demand
on the same area of land as today
(or ideally less).

4

Achieving negative
emissions – move agriculture
from a carbon source to a carbon
sink, including by freeing up
existing agricultural lands that
can be reforested or restored
and rapidly implementing
food production practices that
increase carbon storage on
existing cropland.

5

Optimizing crop yields
– use all agricultural lands
to their maximum potential
including optimizing crop yields
through better food production
practices that more efficiently
use water and fertilizers,
preserve ecosystem functions
and contribute to resilient
landscapes.

DIETS, FOOD LOSS
AND WASTE, AND
PRODUCTION

Nature restoration will depend
on a combination of dietary
shifts, reduction in food loss
and waste and adoption of
nature-positive production
practices.

DIETS, FOOD LOSS
AND WASTE

Dietary shifts are potentially
the quickest action to achieve,
and can help facilitate the other
two actions.

NATURE
DIETS

EXPLOITING
BENDING THE CURVE: THE RESTORATIVE POWER OF PLANET-BASED DIETS

STATUS QUO
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WHAT WE EAT MATTERS
Copyright Credit © Aaron Gekoski / WWF-US
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147
COUNTRIES

ASSESSED

Numerous recent studies have pointed to the sweeping benefits of shifting diets. This research has shown that a global shift toward healthier, more sustainable
diets will combat climate change and food insecurity,1 reduce biodiversity loss,2 improve human health,3,4 significantly reduce premature mortality,5 make
national supply chains more resilient to shocks,6 reduce the financial risks associated with meat production,7 help decrease the risks of future pandemics,8,9
and unlock US$4.5 trillion in new business opportunities while saving US$5.7 trillion a year in damage.10
It is now clear that what we eat matters and matters a lot. Research to date has helped to establish the global impacts of our dietary choices but has so far
said very little about how shifts toward more planet-friendly diets could impact individual countries. In this report we begin the work of translating global
recommendations about the need for a shift toward more healthy and sustainable diets into the potential impacts of such a shift on individual countries. We
do this to assist countries in their efforts to use diets as a springboard to achieving international commitments, including strengthening nationally determined
contributions (NDCs) to the Paris Agreement, establishing a holistic post-2020 global biodiversity framework, and renewing commitment to the Sustainable
Development Goals (SDGs) in preparation for (and beyond!) the UN Food Systems Summit in 2021.
To accomplish this, we offer a detailed analysis of food consumption patterns in 147 countries and 6 regions and the national dietary guidelines (NDGs) of
75 countries. For each country and region, we assess the impacts of diets – current as well as NDGs and several other dietary patterns – on various
environmental and health indicators (see Table 1). We frame the analysis around five strategic actions that are strongly influenced by diets and are needed to
bend the curve on the negative impacts of the food system, moving from one which exploits the planet to one that restores it for nature and people. All country
level estimates represent the impacts of food consumption not production, and therefore include imported food, but exclude the impacts of food produced
domestically and then exported.

TABLE 1
Dietary patterns and
environmental and health
indicators assessed. To
inform the analysis, we used
UN Food and Agriculture
Organization (FAO) food
balance sheets to determine
current food consumption
in the countries and regions
assessed. To evaluate the
NDGs across all countries a
graded coding method was
used to extract quantitative
values from each
guideline.11 For analysing
the environmental impacts,
a life-cycle assessment
(LCA) approach was
used because it allows
multiple environmental
impact indicators to be
estimated across the
full supply chain.12

DIETARY PATTERNS ASSESSED

ENVIRONMENTAL AND HEALTH INDICATORS ASSESSED

Current diet – the average diet currently consumed by the citizens of a country.

GHG emissions – the greenhouse gas emissions related to food systems including all
emissions along the food supply chain, from deforestation and land conversion, input
production, fertilizer application, energy use on farm, animal production, aquaculture,
processing, packaging, transport and retail.

National dietary guidelines – Dietary guidelines put forward by the relevant government
department of each country.

Carbon sequestration – the climate benefit of vegetation regrowth following reductions in
agricultural land (only including reversion to native ecosystems – pre-agriculture).

Flexitarian – plant-based but allowing for moderate animal-source food
consumption, including meat.5

Eutrophication – the freshwater and marine eutrophication potential from nitrogen and
phosphorus pollution related to food systems.

Pescatarian – replacing meat with two-thirds fish and seafood and one-third
fruit and vegetables.

Water use – the freshwater withdrawals related to food production. Includes irrigation water,
animal drinking water, and water used during food processing.

Vegetarian – replacing meat with two-thirds legumes and one-third fruit and vegetables.

Cropland use – the cropland used for food production (“cropland demand”), both domestically
and abroad. Including land use for animal feed.

Vegan – replacing all animal-source foods with two-thirds legumes and one-third
fruit and vegetables.

Grazing land use – rangelands and pastures related to food consumption, both domestically
and abroad.
Biodiversity loss – the number of species expected to go extinct as a result of food
production for various diets.
Premature mortality – the change in premature mortality from diet-related
non-communicable diseases.

BENDING THE CURVE: THE RESTORATIVE POWER OF PLANET-BASED DIETS
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We know that transforming the food system is bigger than what can
be accomplished by dietary shifts alone.5 This includes necessary
reductions in food loss and waste and changes in food production
practices. We focus on diets, however, because dietary shifts are a
lever that can be moved quite rapidly and many governments already
have NDGs that can be used as a starting point to accelerate healthy
eating patterns.13 In addition, eating foods that have a smaller
negative impact on human health and the environment (i.e. planetbased diets) is a “win-win” opportunity for countries to achieve
both health and environmental goals at the same time.14 Given this,
we believe that dietary shifts are a key leverage point for helping to
address the multiple converging environmental and health crises that
we are experiencing today.
It may seem that shifting diets is a nearly impossible task, but major
dietary changes are a surprisingly common occurrence. Over the last
half-century, many countries have undergone a nutrition transition
from diets low in fat, sugar and meat to a diet dominated by animalsource foods, refined grains, saturated fats and sugar15,16 and fad diets
such as the keto, paleo and Zone diets are always quick to penetrate
popular culture. The power to shift diets is also more often in the
hands of the individual than for other environmental choices.

NATIONAL DIETARY GUIDELINES
We assessed NDGs for 75 countries as they are important tools
for changing food systems.13 NDGs are public, governmentendorsed documents that are intended to provide generalizable
recommendations and advice on healthy diets and lifestyles and act
as a bridge between global dietary recommendations (e.g. World
Health Organization (WHO), EAT-Lancet Commission) and local
context and relevance. They are a key component of public health
policy and an essential first step to promoting healthy eating habits in
a country, often through educational programmes or public awareness
campaigns. In line with the key role they can play and given the
unique nature of diets across the world, we believe NDGs can act as
a valuable tool to raise awareness, influence policy, guide the private
sector and inform consumer choice.
Copyright Credit © Staffan Widstrand / WWF
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ENVIRONMENTAL AND HEALTH IMPACTS OF FOOD
Currently, our dietary choices are driving a system of food production that is destroying the planet (Figure 2).1,2,5 The agricultural revolutions of the past have
allowed us to feed more people, but this has come at the expense of forests, grasslands, wildlife, water and a stable climate. This exploitation of the environment
is behind multiple converging global crises including the climate and biodiversity crises, which alone have the ability to disrupt the stability of the planet.
Luckily, we are waking up to the fact that what we eat really does matter and that our everyday food choices are among the most important individual actions
we can take for the environment and our health.

FIGURE 2
The global food system is
a leading contributor to
our rapidly deteriorating
environment and
unraveling of nature.

Responsible for

27%
27%

of GHG emissions
Responsible
for
of GHG emissions

70%
70%

of freshwater
withdrawals

of freshwater
withdrawals

Main driver of biodiversity
loss and tropical

deforestation
deforestation
Main driver of biodiversity
loss and tropical

Increasing risk for future

pandemics
Increasing risk for future
pandemics

Our dietary choices are also damaging our health (Figure 3). These choices are characterized by either excess or insufficiency. People in some countries have
an abundance of food and choice while people in other countries still lack both. This highly polarized reality has led to a situation where many countries face
a growing obesity epidemic, in others hunger and undernutrition persist, and in far too many both realties exist at the same time.3 Unhealthy diets now pose a
greater risk of morbidity and mortality than unsafe sex and alcohol, drug and tobacco use combined.16

FIGURE 3
The global food system is
also a major contributor to
much of the ill-health that
we see around the world.

1 in 3
1 in 3

overweight or obese

overweight or obese
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1 in 12
1 in 12

hungry or undernourished

hungry or undernourished

Leading cause of

death
Leading cause of
death

No country on course to meet

global
2025
nutrition
targets
No country on course to meet
global
2025
nutrition targets
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PLANETARY BOUNDRIES FOR FOOD
The planetary boundaries framework identifies nine systems and processes that are important for regulating the state of the Earth system (Figure 4a). The framework identifies
boundaries for each system or process that when crossed could trigger rapid, non-linear and potentially irreversible changes to the stability of the Earth system. Within the boundaries
is the “safe operating space” for humanity – this is within the inner red circle and shown in green in Figure 4a below, while yellow represents the zone of uncertainty (increasing risk)
and red the high-risk zone.17 For the food system, the EAT-Lancet Commission used the planetary boundaries as a framework and proposed six boundaries that global food production
should stay within to decrease the risk of irreversible and potentially catastrophic shifts in the Earth system.5 These planetary boundaries for food production conceptually define the
upper limit of environmental impacts for food production at the global scale (Figure 4b).
Currently, we are producing enough food to feed everyone on the planet, but in the process we are not respecting planetary boundaries. If we did respect all boundaries, however, without any changes in how we currently produce, consume and waste food, then we would only be able to produce food for 3.4 billion people.19 This clearly shows that current methods
of food production and dietary patterns are unsustainable. This message was highlighted in the 2020 Living Planet Report, which stated, “The main cause of the dramatic decline in
species populations on land… is habitat loss and degradation, including deforestation, driven by how we as humanity produce food.” 20
There is good news, however: when implementing dietary changes, reducing food loss and waste, and applying ambitious changes in food production practices, up to 10 billion people
could be fed within planetary boundaries 5,19,21
In this report we focus on the dietary change part of the challenge and explore the impact of various dietary changes in countries around the world. The impacts of changes in food
production practices and reductions in food loss and waste are explored in more depth in other studies.5,21
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FIGURE 4B
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the upper limits of
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P

Phospherous re-cycling

P application

Biodiversity loss

Extinction rates

BOUNDARY

(Uncertainty range)

5 Gt CO2 -eq yr-1

(4.7 - 5.4 Gt CO2 -eq yr1)

13 M km2

(11 - 15 M km2)

2,500 km3 yr-1

(1000 - 4000 km3 yr-1)

90 Tg N yr-1

(65 - 90 Tg N yr-1)*
(90 - 130 Tg N yr-1)**

8 Tg P yr-1

(6 - 12 Tg P yr-1)*
(8 - 16 Tg P yr-1)**

10 E/MSY

(1 - 80 E/MSY)

* Lower boundary range if improved production practices and redistribution are not adopted.
** Upper boundary range if improved production practices and redistribution are adopted and 50% of
applied phospherous is recycled.
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FOOD CONSUMPTION PATTERNS AROUND THE WORLD
An entry point for making sense of the health and environmental impacts of diets is an understanding of consumption patterns around the world. Currently,
consumption varies widely and can best be characterized by massive inequality. Although undernutrition and overweight and obesity affect most all countries,
the rate of underweight people is up to 10 times higher in the poorest countries while the rate of overweight and obese people is up to 5 times higher in the
richest countries.3 These health outcomes mirror current consumption patterns in the richest and poorest countries, with European countries consuming
approximately 600 g/day more food (1,800g/day – Figure 5) than African countries (1,200/day – Figure 6).

FIGURE 6

Current per capita food consumption patterns in European countries and the food intake (g/day)
required to shift toward NDGs and other dietary patterns.

Current per capita food consumption patterns in Africa and the food intake (g/day) required to shift
toward NDGs and other dietary patterns.
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Analyses at regional scales, however, often hide inequalities that exist between countries, even among those with the largest economies.14 For example, daily
food consumption in the United States (nearly 2000g/day; Figure 7) is almost double that of Indonesia (approximately 1000g/day; Figure 8). This includes
much higher consumption of foods such as red meat (116g/day) and dairy (594 g/day) in the United States compared to Indonesia (13.8 g/day red meat and
34.7g/day dairy). Shifting toward more healthy and sustainable diets in these countries would require a large reduction in consumption of these foods in the
United States. However, overconsumption of other foods that can cause poor health, such as highly processed white rice, would need to decrease in Indonesia.

FIGURE 8

Current per capita food consumption patterns in the United States and the food intake (g/day)
required to shift toward NDGs and other dietary patterns.

Current per capita food consumption patterns in Indonesia and the food intake (g/day) required to
shift toward NDGs and other dietary patterns.
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Important to note is the fact that in most countries, NDGs are
closer to current consumption levels than other planet-based
dietary patterns and in some cases appear to support a status quo
that is either insufficient or not supported by the latest science
on healthy diets. In a recent study, researchers found that most
NDGs are incompatible with global health and environmental
targets such as the Paris Agreement or the global health agenda
on non-communicable diseases.11
Despite this, some countries are taking significant steps to
promote healthy dietary patterns through their NDGs. Canada
recently launched a food guide that recommends having plenty
of vegetables and fruits (half of the plate), protein foods (quarter
of the plate), wholegrain foods (quarter of the plate) and making
water the drink of choice. The “guide emphasizes getting protein
from plant-based sources such as beans, lentils and nuts, rather
than always choosing animal-based foods such as milk, meat and
poultry.” 22
This is one of several examples of countries raising the ambition
of their NDGs and offers encouraging signs that NDGs are
becoming more closely aligned with the latest science on foods
that optimize human health.5 However, significant steps still need
to be taken to raise the level of ambition of NDGs in all countries
to ensure they are in line with achieving both global health and
environmental targets.

Copyright Credit © Meridith Kohut / WWF-US
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HEALTH IMPACT OF DIETS
Several recent studies have demonstrated the significant impact that increasing consumption of plant-based foods relative to animal-source foods can have
on human health. The EAT-Lancet Commission on Food, Planet, Health found that premature mortality could be reduced for up to 11 million people by a shift
toward a healthy flexitarian diet.5 Another study found that adopting NDGs could reduce premature mortality by, on average, 15% globally, while adopting
the EAT-Lancet diet was associated with 40% greater reductions (21% overall) in premature mortality.11 A Global Burden of Disease (GBD) study found that
11 million deaths and 255 million disability-adjusted life-years (i.e. the number of years lost to ill-health, disability or early death) were mainly attributable to
dietary risk factors that include high intake of sodium, low intake of wholegrains and low intake of fruits in many countries.23
Our results also show positive health gains in all countries by increased consumption of plant-based foods relative to animal-source foods in diets. Germany,
for example, would see up to nearly a 20% reduction in premature mortality (Figure 9). This is mainly attributed to decreasing daily food intake (g/day) by
around 10% and increasing the relative proportion of fruits, vegetables and legumes in a diet compared to red meat and dairy. This result is supported by the
GBD and EAT-Lancet studies.

FIGURE 10

Percentage reduction in premature mortality in Germany from a shift toward NDGs and
other dietary patterns.

Percentage reduction in premature mortality in Argentina from a shift toward NDGs and
other dietary patterns.
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Argentina would see up to nearly a 30% reduction in premature mortality with a shift toward greater consumption of plants relative to animals (Figure 10).
As in Germany, this is mainly attributed to a decrease of total daily food intake (g/day) and replacing red meat and dairy with fruits, vegetables and legumes.
Kenya would see smaller but still significant reductions in premature mortality, from 5%, if NDGs were followed, up to a maximum reduction of approximately
9% for a shift toward a vegan diet (Figure 11). These reductions come mainly from a large increase (up to nearly 20%) in daily food intake (g/day) and an
increase in daily consumption of fruits, vegetables, nuts and legumes.

FIGURE 11
Percentage reduction in premature mortality in Kenya from a shift toward NDGs and other
dietary patterns.

Eating a planet-based diet improves health outcomes in
all countries, including reductions in premature mortality.
Some countries would see their largest health gains from
reductions in overall daily food intake and increased
consumption of plant foods. Other countries would see
the largest health gains from increased total daily food
intake and adopting a more balanced diet. These results
again highlight the significant inequalities that exist in
our current food system. What these country-level results
fail to show, however, are the inequalities that exist within
countries and communities, with vulnerable groups being
the most affected.3
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A FOOD SYSTEM THAT RESTORES NATURE
Below we discuss five strategic actions that together can help to bend the curve on the
negative impacts of the food system, moving from one which exploits nature to one
that restores it. For each action we explore the environmental impact that various
dietary pattens can have when adopted universally by a country. Each of these actions
interplay with each other in important ways and national-level success on all of them
is critical to building a nature-positive food system that helps to reverse the loss of
nature to restore both people and planet.

Copyright Credit © Karine Aigner/WWF-US
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STRATEGIC ACTION 1:
REVERSING BIODIVERSITY LOSS

What needs to happen – rapidly slow down and move toward
zero loss of biodiversity from food production while also using
agricultural systems to restore biodiversity across the planet.
Biodiversity generates critical ecosystem services that support food
production including pollination, creating and maintaining healthy soils,
pest control, water regulation, carbon storage, and habitat for wildlife.24
All of these make food systems more resilient to shocks and stresses,
including those caused by a rapidly changing climate.
In addition, agricultural biodiversity (i.e. crop and livestock diversity)
is essential to resilient food systems, yet only a handful of species are
used today. Of the 6,000 plant species that have been cultivated for food
production, fewer than 200 are consumed today and just 9 account for nearly
70% of all food produced.24 Many underused plant species are very healthy
and have traits of interest for adapting food production to climate change.
These qualities are especially important considering the increasing risk that
climate change poses to crop yields and the nutritional content of foods.

Copyright Credit © Ashley Morgan / WWF
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Despite the central role of biodiversity in food production,
we are losing species at a rate 100–1,000 times greater than
the underlying rate during the Holocene and have entered the
sixth mass extinction. Terrestrial and aquatic habitat loss,
habitat fragmentation, climate change, chemical pollution,
invasive species and unsustainable harvest of wild species are
primary drivers.25,26 However, habitat loss and fragmentation,
particularly conversion of land for food production, is the single
greatest current driver of biodiversity loss.20,27
Based on the IUCN classification of bird and mammal
extinction risks, 80% of the mammal and bird species that are
threatened with extinction have agriculture as a cause of those
threats (Figure 12).

FIGURE 12

Source Tilman et al. (2017).27
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Increasing consumption of plant-based foods relative to animal-source foods is often cited as a method for reducing biodiversity loss, with the main driver
being reduced pressure on natural ecosystems at risk of conversion (see Strategic Actions 3 and 4 for more discussion on dietary shifts and land use).28-30
At the global and certain regional and national levels this assertion is consistent with our results, in which we estimate the number of species that become
destined for extinction each year because of agricultural land use. A shift toward more plant-based foods could reduce global biodiversity loss by between
5% (flexitarian diet) up to 46% (vegan diet – Figure 13). In the Latin America/Caribbean region biodiversity loss could be reduced by approximately 50%
to 70%, depending on the dietary pattern adopted (Figure 14).
The numbers presented here most likely underestimate the potential for decreasing biodiversity loss through dietary shifts. This is because these estimates
do not include the restorative potential for species as we spare farmland and adopt more biodiversity friendly production practices.”

FIGURE 13

FIGURE 14

Number of total species expected to go extinct per year globally as a result of food production for
current diets, NDGs, and other dietary patterns.

Number of total species expected to go extinct per year as a result of food production for
current diets, NDGs, and other dietary patterns: Latin America and the Caribbean.
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However, dietary shifts may not always lead to reductions in biodiversity loss. For example, both India and Indonesia could potentially see increases in
biodiversity loss with a shift to other dietary patterns. This is mainly due to recommended nutritional increases in the consumption of fruits, vegetables, dairy
and oil (Figure 15 and 16) and less driven by red meat consumption as in other countries.

FIGURE 16

Number of total species expected to go extinct per year as a result of food production for
current diets, NDGs, and other dietary patterns: India.

Number of total species expected to go extinct per year as a result of food production for
current diets, NDGs, and other dietary patterns: Indonesia.
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The increasing levels of biodiversity loss in both India and Indonesia are mainly driven by an increase in total food consumption of a variety of foods and
in each country (g/day), which is needed to tackle under-nutrition.31,32 Holding food production practices constant and assuming that food imports do not
increase, our results show that this increase in total food consumption may require more agricultural land. These results, which only assess the impact of diets
on biodiversity loss, highlight the critical importance of combining dietary shifts with more sustainable food production practices and reduced food loss
and waste.5
The patterns here are similar to what we see in other tropical countries with high levels of biodiversity that would need to expand agricultural land to meet
increasing levels of food consumption (see Figures 27 to 29 for more discussion on increased land use in Madagascar). Here and elsewhere throughout the
report, this assumes that current food production practices are maintained, food loss and waste are not reduced, and food imports do not increase.

FIGURE 17
Number of total species expected to go extinct per year as a result of food production for
current diets, NDGs, and other dietary patterns: Denmark.
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The potential increase in biodiversity loss with increased consumption of foods would
be further exacerbated if the additional demand on land was met solely by domestic
production. Enhanced distribution and international trade of food could reduce land-use
pressure and prevent biodiversity loss by increasing trade from higher-yielding and less
biodiverse nations to lower-yielding and more biodiverse nations.27
This is supported by research that shows that a rebalancing of regional production based
on biodiversity concerns could mitigate additional stresses on land and that optimizing
global land use based on biodiversity concerns could have the single greatest impact on
reducing biodiversity loss.5,19 International trade has also been promoted as a crucial
means of achieving food security by increasing the availability and stability of the
food supply at affordable prices.33-36 For example, a recent analysis found that without
liberalized trade, low-income countries in particular might find it difficult to meet their
collective macro- and micro-nutrient needs.37

TAKEAWAY:
These results highlight the complex
nature of dietary shifts and their impact
on biodiversity loss at global, regional
and national scales. At the global scale,
dietary shifts are needed to reduce the
dramatic decline in species. However, our
results demonstrate that at the national
scale, shifting toward healthier diets or
increasing total caloric intake to tackle
undernutrition without also reducing
food loss and waste or improving food
production practices could result in an
increase in biodiversity loss in particular
countries. These losses appear to be most
dramatic in tropical countries, which are
both the most biodiversity-rich countries
on the planet and those most likely to
suffer from undernutrition.

Copyright Credit © Chris Martin Bahr / WWF
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STRATEGIC ACTION 2:

LIVING WITHIN THE GLOBAL CARBON
BUDGET FOR FOOD
What needs to happen – reduce total greenhouse gas
emissions from food production to at most 5 Gt CO2-eq.
Keeping global warming below 2°C and aiming for 1.5°C requires rapid
decarbonization of all sectors by 2050.1,38 This means halving global
emissions every decade until 2050 while at the same time massively
increasing carbon sinks to begin achieving negative emissions near
mid-century (Figure 18).39

FIGURE 18
Total global emissions
projections across major
contributing sectors showing
the exponential decreases
necessary to keep global
warming well below 2°C and
aiming for 1.5°C. Emissions
in all sectors, except for
agriculture, must peak in
2020 and rapidly decrease,
halving every decade until
2050. In addition to rapid
decarbonization, massive
amounts of carbon dioxide
must be stored in naturebased sinks (dark green in
figure).
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The food system is one of the main drivers for global GHG emissions1,5 and accounts for roughly 27% (approximately 14 Gt) of total emissions (approximately
52 Gt) from all sectors.” About two-thirds of all food-related GHG emissions are accounted for in the agriculture, forestry and land use sector (AFOLU),
while the remaining third comes from processing, transport and packaging (Figure 19).12,40

GLOBAL EMISSIONS

FIGURE 19
Major contributing
sources to total
emissions from food
production.

52.3 billion tonnes of carbon dioxide equivalents
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Source: Poore and
Nemecek (2018)12, with
updates for this report.
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However, while we can and must set high ambitions for anthropogenic GHG emissions reductions, not all of the 14Gt CO2-eq from the food system can be
eliminated by 2050. Some GHG emissions will always be generated because of biological processes that are intrinsic to crop (i.e. nitrous oxide from fertilizer
use) and livestock production (i.e. methane from ruminants). To reflect this, the EAT-Lancet Commission on Food, Planet, Health sets a planetary boundary
for food production emissions, or carbon budget, at a maximum of 5Gt CO2-eq (total methane and nitrous oxide emissions).5,14 The remaining 9Gt of emissions
can, however, be mitigated through various activities including shifting diets, changes in food production practices, decarbonizing the food value chain, and
reductions in food loss and waste.

TACKLING ALL
FORMS OF
MALNUTRITION
REQUIRES WE
LIVE WITHIN THE
GLOBAL CARBON
BUDGET FOR
FOOD

Figure 20 below shows the global potential for reducing emissions by shifting diets. Following NDGs (data only from countries where NDGs are available)
would only reduce the total food-related GHG emissions globally by around 1Gt, leaving 8Gt of emissions remaining (emissions gap) to get within the 5Gt
carbon budget for food. Following a flexitarian diet would reduce total global food-related GHG emissions down to 9.9Gt, leaving an emissions gap of 4.9Gt.
Only by universally following a vegan diet would GHG emissions be reduced to near the climate planetary boundary for food solely through a dietary shift.
Any remaining emissions above this planetary boundary after dietary shifts would need to be mitigated through a combination of changes in food production
practices and reductions in food loss and waste.
FIGURE 20
Total global GHG emissions for current diets, NDGs, and other dietary patterns.
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Most of the emissions reductions from shifting diets come from reductions in red meat and dairy consumption. Red meat and dairy currently account for just
over half of total global food-related GHG emissions (7.4Gt of 14.3Gt). Shifting to a flexitarian diet would reduce these emissions to 2.9Gt, whereas more radical
shifts in diets would reduce them to between zero and 1.9Gt globally (Figure 20). This would have the added benefit of reducing premature mortality rates in all
countries.
However, dietary changes would be experienced differently depending on current consumption patterns in a country or region. Malawi, for example, is on
course to meet global targets for under-five overweight and under-five wasting but is off course to meet targets for other indicators. 41 To address this, Malawi
may need to increase consumption of certain food groups, including dairy, fish, and fruits and vegetables. This would lead to an increase in per capita GHG
emissions of up to approximately 30% (Figure 21).
Sweden, on the other hand, would be able to nearly halve its emissions by adopting a flexitarian diet, mainly by decreasing overall red meat and dairy
consumption (Figure 22). Doing so, however, would require a decrease in red meat consumption of nearly 90% (from 111g/day to 14g/day) and dairy of about
69% (from 110g/day to 14g/day) and (from 940 g/day to 290g/day). Following the NDGs would reduce per capita GHG emissions from food by approximately
30% but more ambitious reductions would still be needed.

FIGURE 22

Per capita GHG emissions in Malawi for current diets, NDGs and other dietary patterns.

Per capita GHG emissions in Sweden for current diets, NDGs and other dietary patterns.
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For all of us to live within the global carbon budget for food necessitates that we address the imbalance in global food-related emissions. Sweden’s per capita
food-related GHG emissions are more than double Malawi’s, yet Malawi still faces significant burdens of undernutrition. To more equally share the global
carbon budget for food will require more ambitious dietary shifts in some countries compared to others.14 For example, Australia, Argentina, Brazil and
France would need to reduce food-related emissions to a much greater degree than Bangladesh, Indonesia, and Ethiopia (Figure 23). A recent study found
that, in particular, food consumption in G20 countries is unsustainable. Global adoption of current G20 food consumption patterns by 2050 would exceed the
planetary boundary for food-related GHG emissions by 263% and would require up to seven Earths to support these patterns of food consumption. On average,
food-related GHG emissions in G20 countries as a whole need to be approximately halved by 2050 to ensure we can feed 10 billion people healthy diets within
planetary boundaries and enable a more equitable global distribution of food-related GHG emissions.14

PER CAPITA FOOD RELATED EMISSIONS

FIGURE 23
Per capita food-related
GHG emissions in various
countries for current
consumption patterns and if
NDGs were followed.
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TAKEAWAY:
The trends described here highlight a dilemma in our food system: tackling all forms of malnutrition while keeping GHG emissions within the planetary
boundary for food. Solving this dilemma requires a more equitable distribution of the global carbon budget for food to enable all countries to alleviate
all forms of malnutrition while also tackling climate change. Countries should raise the ambition of their NDGs to align with international commitments
such as the Paris Agreement, while ensuring that efforts to improve nutrition do not lead to the adoption of high-carbon diets.
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STRATEGIC ACTION 3:

FEEDING HUMANITY ON EXISTING CROPLAND
What needs to happen – stop expansion of new cropland,
or any agricultural land, at the expense of natural habitats,
supplying future food demand on the same area of land as today
(or ideally less).
Strategic actions 1 and 2 are centrally dependent upon land use. Land
use has generally been considered a local environmental issue, but it is
becoming a force of global importance and may be the single most pressing
environmental issue of our day. 42 Currently agricultural land is the largest
biome on Earth12,43 and approximately 40% (~ 4.2 Bn ha) of all habitable land
is used to feed humans (Figure 24). Of this, about 71% (3.0 Bn ha) is used
for livestock grazing leaving roughly 29% (~ 1.2 Bn ha) to grow crops
Figure 24). Of this 1.2 Bn ha of arable land, 38% (460 M ha) is used to grow
feed for livestock consumption (red meat, dairy and poultry).

WE NEED TO OPTIMIZE
PRODUCTION ON ALL
AVAILABLE LAND
TO FEED 10 BILLION
PEOPLE BY 2050 WHILE
BENDING THE CURVE
ON BIODIVERSITY LOSS
AND LIVING WITHIN
THE GLOBAL CARBON
BUDGET FOR FOOD
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FIGURE 24
Total global land use for food production.
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Data source: Analysis used for this report and complimented with data from the UN Food and Agriculture Organization (FAO)
Figure adapted from: OurWorldinData.org

Since the main drivers of biodiversity loss and GHG emissions from the AFOLU sector stem from land conversion, mainly for agriculture 20,27 we must halt
expansion of new agricultural land at the expense of natural habitats to have any chance to reversing biodiversity loss and achieving the Paris Agreement.
This means that humanity must be fed on the existing area of cropland.5 Doing so, however, requires that instead of using nearly 40% of existing cropland
to grow feed for livestock we use this nearly 460 M ha of arable land to grow food for human consumption (Figure 25).
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However, as seen in Figure 25, the net global impact of a reducing consumption of animal-source foods relative to plant-based foods would be at most only a
slight decrease in total land used for crops. The reason dietary shifts alone do not free up much cropland is that any reduction in land used for livestock feed
would instead need to be used to grow other crops, such as fruits and vegetables or nuts, legumes and seeds, all of which are more prevalent in the other dietary
patterns assessed.
This does not mean, however, that dietary shifts are not important to halting the expansion of agriculture into natural habitats. Using limited arable land to
produce crops for human consumption rather than animal feed will feed more people and provide more total calories. 44-46 Even so, feeding humanity on existing
cropland will become increasingly difficult as the global population grows by nearly 2 billion people by 2050. 47 This emphasizes the urgent need to couple
dietary shifts with improvements in food production practices and reductions in food loss and waste.

FIGURE 25
Total global cropland use for current diets, NDGs and other dietary patterns.
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The addition of 2 billion more people on the planet will necessitate that nearly all the 1.2 Bn ha of cropland be used to grow crops for humans.5,21 This could be
done by adopting a ‘livestock on leftovers’ approach, which limits the availability of animal protein globally to what can be produced by raising animals on
a) grazing lands unsuited to crop production (1/3 of global grazing lands is suitable for cropland)48; b) by-products arising from agricultural crop production;
and c) food waste. 49 This would free up nearly 300 M ha of land that would have been reserved for livestock feed (poultry, dairy and red meat) under a
flexitarian diet scenario (see Figure 25) and 450 M ha if NDGs were universally followed.
Although the total amount of cropland globally will remain nearly constant if we shift diets, individual countries could see drastic changes in the amount of
cropland used to feed their citizens. In Canada, for example, arable cropland demand (both domestically and internationally) would be reduced by 36-47%,
depending on the dietary pattern (Figure 26). This is mainly driven by a decrease in cropland used for livestock feed.

FIGURE 26

FIGURE 27

Total cropland use for current diets, NDGs and other dietary patterns: Canada.

Total cropland use for current diets, NDGs and other dietary patterns: Madagascar.
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On the other hand, in Madagascar adopting alternative dietary patterns could increase demand for cropland use by 39-48% (Figure 27). If this increase in
demand for arable cropland is met by converting additional lands in the country instead of relying on improvements in food production practices, reductions
in food loss and waste or changes in international trade, this could result in high rates of forest and biodiversity loss and increases in GHG emissions from land
conversion. The main factor behind the increase in demand for cropland in Madagascar by adopting alternative dietary patterns is the large increase in daily
food intake of nearly all food groups (Figure 28) and a shift from the majority of food calories coming from rice (Figure 29) to a diversity of food groups.
FIGURE 28

FIGURE 29

Per capita daily food intake (g/day) in Madagascar* for current diets, NDGs,
and other dietary patterns.

Per capita daily calorie intake by food group in Madagascar* for current diets,
NDGs and other dietary patterns.
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* Madagascar does not report an NDG, and we therefore interpret this to mean there is no
recommendation on dietary composition, so diets remain the same as the Current Diet.

* Madagascar does not report an NDG, and we therefore interpret this to mean there is no
recommendation on dietary composition, so diets remain the same as the Current Diet.

TAKEAWAY:
Addressing the climate and biodiversity crises requires a halt in the expansion of new agricultural land at the expense of natural habitats. This can be
achieved but requires that nearly all 1.2 Bn ha of cropland be used to grow crops for humans instead of feed for livestock. The addition of 2 billion more
people on the planet will put even more strain on current croplands necessitating even greater urgency to reserve these lands to grow food for human
consumption. Those countries that currently have high levels of food intake could see significant reductions in demand for cropland, while those countries
that still experience an undernutrition burden could see an increase in demand for arable cropland. If this increase is met by converting additional lands
in the country instead of relying on improvements in food production practices, reductions in food loss and waste or changes in international trade, this
could result in high rates of forest and biodiversity loss and increases in GHG emissions from land conversion.
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STRATEGIC ACTION 4:

ACHIEVING NEGATIVE EMISSIONS
What needs to happen – move agriculture from a carbon
source to a carbon sink, including freeing up existing
agricultural lands that can be reforested or restored and rapid
implementation of food production practices that increase carbon
storage on agricultural land.
In the Paris Agreement, all countries pledged to keep total global temperature
“well below” 2°C and to “pursue efforts to limit the temperature increase even
further to 1.5°C”. However, all options investigated by the Intergovernmental
Panel on Climate Change (IPCC) for keeping the global temperature rise to
well below 2°C require using “negative emissions” to remove massive amounts
of CO2 from the atmosphere and store it on land, underground, or in the
oceans (see Figure 18).50 A recent study that showed 1.5°C is also achievable,
but only by using negative emissions.51
To achieve negative emissions, various methods are being discussed.
A commonly proposed technology is bioenergy combined with carbon capture
and storage (BECCS). BECCS realizes negative emissions by combining
cultivation of plant biomass to pull CO2 from the atmosphere, burning the
biomass for energy in power plants, capturing the CO2 released during
combustion and then storing this in underground reservoirs. Full-scale
implementation of BECCS is estimated to require a third of arable land.52

HUMANITY HAS NEVER
BEFORE NEEDED TO
CHANGE THE FOOD
SYSTEM SO RADICALLY
AT THIS SCALE OR SPEED
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In addition to BECCS, tree planting has been widely promoted as a solution to climate change by absorbing and storing GHGs from the atmosphere.53,54 It
has been estimated that reforesting a billion hectares of land could store up to 205Gt of carbon – two-thirds of all the carbon released into the atmosphere
since the Industrial Revolution.55 World leaders have committed to restoring 350 million hectares of forest by 2030 and a “trillion tree” initiative has been
launched.56,57
Large-scale implementation of BECCS and reforestation, however, could compete for both land and water needed for food production, as well as land needed
for biodiversity.52,58 Solving this paradox is centrally important to ensure that we can feed humanity while simultaneously achieving the Paris Agreement and
restoring biodiversity.
Diets are key to successfully navigating these multiple and potentially competing agendas. In short, by eating more healthy and sustainable diets, our food
system will require less agricultural land (mainly grazing lands), which could enable society to use land that was previously used for food production for other
purposes (Figure 30). This general finding is not new. The IPCC’s special reports on Global Warming of 1.5ºC 59 and Climate Change and Land1 both highlighted
the key need to reduce pressure on land through changes in food production and consumption.

FIGURE 30

FIGURE 31

Total global area of grazing lands (pasture and rangelands) to support current diets, NDGs and
other dietary patterns.
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Because increasing consumption of plant-based foods relative to animal-source foods can free up land, it can theoretically enable more land to be available
to restore nature (up to 3.0 Bn ha – see Figure 30), which will in turn sequester carbon as natural ecosystems return (only including reversion to native
ecosystems – pre-agriculture). However, the magnitude of carbon sequestration from dietary shifts varies widely between countries. For example, a shift in
diets in Denmark (Figure 32) would have lower per capita carbon sequestration potential than in Brazil (Figure 33).

FIGURE 33

Per capita carbon sequestration per year for current diets, NDGs and other
dietary patterns: Denmark.

Per capita carbon sequestration per year for current diets, NDGs and other
dietary patterns: Brazil.
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but also by where the food is produced and the strength of the carbon sinks in those regions. If a country imports food from a region with strong carbon sink
potential, then dietary shifts would result in larger per capita carbon sequestration. This is important for individuals and policymakers in countries that want
to account for the total net GHG emissions impact of their diet.
However, in our pursuit of achieving negative emissions, we must be careful not to drive more loss of grassland ecosystems. Some grazing lands are naturally
occurring grasslands, savannahs and native prairies that are critically important ecosystems, rich in biodiversity and providing multiple ecosystem services.
Other grazing lands have been converted from other ecosystems, including forests that have been cut down or burned to create livestock pasture.60
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This analysis does not distinguish between rangelands and pastures due to a lack of resolution in the globally available data. However, we can draw some
general conclusions from the results regarding the potential of carbon sequestration in various countries. For example, Brazilian diets use a total of
approximately 173 M ha of pasture and rangeland to support current diets (Figure 34). Of this approximately 30% (48 M ha) was created through conversion
of forest. A dietary shift to NDGs or alternative dietary patterns would free up millions of hectares of land, much of which could be restored back to tropical
rainforest with massive carbon sink potential. However, as noted earlier, it is important that natural grassland ecosystems, such as the Cerrado, be preserved
and reforestation efforts focus instead on restoring converted ecosystems to their pre-agriculture state.
Removing livestock from rangelands could also result in destruction of native vegetation if done carelessly. For example, in the United States, approximately
250 M ha of grazing land is used to support current diets (Figure 35). Of this approximately 13% is pasture converted from other ecosystem types and 87% is
rangelands.61 A dietary shift toward NDGs or other dietary patterns could leave these grasslands vulnerable to conversion to crops for food or fuel. This could
result in a net increase in GHG emissions and biodiversity loss from these systems.

FIGURE 35

Total area of grazing lands (pasture and rangelands) needed to support current diets, NDGs and
other dietary patterns: Brazil.

Total area of grazing lands (pasture and rangelands) to support current diets, NDGs and other
dietary patterns: United States.
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Not all countries, however, would see large reductions in rangelands and pastures with a shift in diets. In Ethiopia, for example, where livestock are used
predominantly for dairy, a shift toward a flexitarian diet would only see a 10% reduction in grazing lands (Figure 36), while the same shift in Kenya would
see a 20% reduction (Figure 37).

FIGURE 36

FIGURE 37

Total area of grazing lands (pasture and rangelands) to support current diets, NDGs and other
dietary patterns: Ethiopia.

Total area of grazing lands (pasture and rangelands) to support current diets, NDGs and other
dietary patterns: Kenya.
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FIGURE 38
Total global carbon sequestration per year for current diets, NDGs and other dietary patterns.
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TAKEAWAY:
Carbon sequestration associated with dietary shifts can
play a critical role in climate mitigation globally. Our
results demonstrate that approximately 9Gt CO2 can be
sequestered per year through dietary shifts (Figure 38)
that would free up agricultural land and allow
for reversion to native ecosystems. Other studies
have estimated the total global potential of carbon
sequestration from dietary shifts to be between 332Gt
(flexitarian diet) and 547Gt (vegan diet) of CO2 by 2050,
which is equivalent to 99-163% of the CO2 emissions
budget.62 However, when looking for land to sequester
carbon, it is important to carefully consider other
ecosystem services and prevent the conversion of natural
grasslands and savannahs and the loss of the flora and
fauna that they support.63,64
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STRATEGIC ACTION 5:
OPTIMIZING CROP YIELDS

What needs to happen – use all agricultural lands to their
maximum potential including optimizing crop yields through
better food production practices that more efficiently use water
and fertilizers, preserve ecosystem functions and contribute to
resilient landscapes.
To feed 10 billion people by 2050 while bending the curve on biodiversity
loss and living within the global carbon budget for food, we will need to
sustainably improve crop yields where possible to optimize production on
all available land while also considering where key habitats can be restored
(Figure 39).5,19

ADDRESSING THE
CLIMATE AND
BIODIVERSITY CRISES
REQUIRES A HALT IN
THE EXPANSION OF
NEW AGRICULTURAL
LAND AT THE EXPENSE
OF NATURAL HABITATS
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FIGURE 39
Yield gap ratios for various
countries. Green and blue
represents high yields
and low yield gaps while
countries in red and orange
have high yield gaps.
Source: Clark et al. (2018).63
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This presents a dilemma, as increasing crop yields using a business-as-usual approach (i.e. no changes in how we currently produce food) would require
additional inputs of water (from irrigation) and fertilizer, yet global freshwater resources are already under strain in many parts of the world (Figure 40)
and nitrogen and phosphorus pollution already greatly exceed planetary boundaries (see Figure 4a). Excessive fertilizer application in food production
has substantial consequences, notably in runoff into streams and rivers driving the eutrophication of freshwater and marine ecosystems and subsequent
development of dead zones, causing fish dieback and other environmental harm.66 Additionally, climate change will further increase challenges for water
availability in many important agricultural regions, including more erratic precipitation and increased frequency of droughts. More intense rainfall events
can increase the runoff of fertilizer into downstream water bodies.

FIGURE 40
Water Risk Filter map
showing the variation in
water scarcity risk across
the world, ranging from
very high risk in dark red to
very low risk in yellow/light
green.67
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This dilemma highlights the fact that feeding 10 billion people within planetary boundaries will require that we adopt significantly different methods of food
production. Examples of agro-ecological methods include conservation agriculture, agroforestry and regenerative agriculture. These various farming practices
all share the potential for high crop yields while reducing water and fertilizer inputs and enhancing the resilience of landscapes.68 However, changes in food
production practices alone will not be enough and dietary shifts will also be needed if we are to increase food production without further environmental
damage.
Shifts in dietary choices do have the potential to influence how much water is used in various food production systems. For example, consider the potential
reductions in water use in the United States and China, two of the most heavily irrigated countries. Our results show that increasing consumption of plantbased foods relative to animal-source foods, through a flexitarian diet, could reduce overall water use by up to 8% in the United States (Figure 41) and up to 15%
in China (Figure 42), with much of that reduction coming from reduced consumption of mainly grain-fed meat and dairy livestock. This could potentially ease
water use in already water-stressed regions around the world.
Across the United States, cattle-feed crops account for 23% of all water consumption; in the Colorado River basin, which is facing severe water shortages, it is
over half.69 However, translating a shift in diets to more sustainable water management, including making more water available to the environment, will require
governance systems that can ensure water improvements are allocated to other beneficial uses.

FIGURE 41

FIGURE 42

Total water use for current diets, NDGs and other dietary patterns: United States.

Total water use for current diets, NDGs and other dietary patterns: China.
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Diets can also have a large impact on eutrophication potential, but this varies widely by country due to a number of factors – both in terms of what is grown
and how it is grown. For example, in the United States a shift to vegetarian diets would lead to a two-thirds (67%) reduction in eutrophication potential from
nitrogen and phosphorus pollution (Figure 43). This potential reduction would be driven largely by a reduction in red meat and dairy consumption and by
the fact that much of the livestock in the United States is fed corn and soy that are grown using excessive amounts of fertilizer and on feedlots where nitrogen
pollution from manure can leach into the environment.

FIGURE 43

FIGURE 44

Total eutrophication potential from nitrogen and phosphorus use for current diets,
NDGs and other dietary patterns: United States.

Total eutrophication potential from nitrogen and phosphorus use for current diets,
NDGs and other dietary patterns: China.
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China, on the other hand, has higher levels of total eutrophication potential for current diets than the United States; this is driven more by aquaculture and
grain production than by red meat and dairy (Figure 44). Following the NDGs in China could increase eutrophication potential, mainly from a recommended
increase in consumption of fish from aquaculture and dairy. Most countries in the regions where nitrogen and phosphorus flows currently exceed the planetary
boundary (e.g. United States, Western Europe, India and China) could see similar reductions in eutrophication potential with dietary shifts.
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Not all countries, however, would see a decrease in nitrogen and phosphorus pollution from a dietary shift. Zambia, for example, which is one of the largest
aquaculture producers in Africa70 and consumes a large proportion of farmed fish relative to caught fish, could see an increase in eutrophication potential
for diets recommending higher intakes of fish (Figure 45). India could also see an increase in nitrogen and phosphorus pollution with an increase in fish
consumption from aquaculture (Figure 46).

FIGURE 46

Total eutrophication potential from nitrogen and phosphorus use for current diets,
NDGs and other dietary patterns: Zambia.

Total eutrophication potential from nitrogen and phosphorus use for current diets,
NDGs and other dietary patterns: India.
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TAKEAWAY:
These results highlight that dietary shifts can contribute to reducing water use and eutrophication potential in some countries. However, as with the
other strategic actions, the impact will play out differently in various countries depending on the specific conditions that exist and the governance and
practices in place that can translate potential reductions in water or fertilizer use into realized gains for water management and freshwater ecosystems.
In addition, in some places that are already facing severe limitations on water availability or highly depleted soils, the international trade of food can
help ease food security challenges, allowing countries and economies to overcome local water and soil limitations on their food supply. However,
while easing food security in one country, trade can also exacerbate water and eutrophication problems in another, so a more holistic and globally
coordinated response may be necessary.
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POLICY RECOMMENDATIONS
Copyright Credit © WWF-US / Lee Poston
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Moving from a food system that exploits the planet to one that restores it for nature and people will take
widespread, multi-sector, multi-level action. Although there is no magic ‘fix’, shifts toward planet-based
diets are key to reversing the trends of habitat loss and degradation and species decline on a rapidly
warming planet.
However, as explored in this report, dietary shifts will look different and have widely varying impacts on
countries’ public health and environmental footprints, depending on the local-level realities and context.
For that reason, we do not offer prescriptive policy advice specific to individual countries but instead offer
more general but key recommendations for how to achieve the strategic actions outlined in this report.

NATIONAL-LEVEL ACTIONS
Incorporate diets into nationally determined contributions (NDCs)
All countries that have signed the Paris Agreement are requested to revise and communicate their NDCs by the end of 2020 and every five years thereafter.
This revision process provides important opportunities for governments to integrate goals for how the food system can assist with meeting their climate
commitments. While many countries mention agriculture in their NDCs, very few set specific targets for mitigating climate change through food production
and no countries mention sustainable diets in their NDCs.71,72
As outlined in this report, there are many opportunities for the food system to contribute to climate change mitigation and adaptation. The food system
accounts for roughly 27% of global emissions and red meat and dairy production account roughly half of food-related emissions (7.4Gt of 14.3Gt). Our results
show that universal adherence to NDGs would reduce food’s emissions by 1.3Gt CO2eq per year and also lead to sequestration of 1.8Gt CO2 per year, which is
approximately a 6% reduction in global GHG emissions. Shifting to a flexitarian diet would reduce emissions by 4.4Gt CO2eq per year and lead to 5Gt CO2 per
year of sequestration, an 18% reduction in global GHG emissions while shifting to a vegan diet would reduce emissions by nearly 8.5Gt CO2eq per year and
sequester nearly 9.4Gt CO2, a 34% reduction in total global GHG emissions. For those countries that still face significant burdens of undernutrition, the
short-term potential of reducing emissions from dietary changes may be limited (see Figure 21) but there is still significant potential to reduce emissions by
switching to more sustainable food production methods, halting land-use conversion for agriculture and reducing food loss and waste.
Commit to raising the ambition of national dietary guidelines (NDGs)
The findings of this report show that the NDGs of most countries will often only lead to a slight reduction of environmental impacts (see Figures 14, 20, 22)
and in some cases may even lead to an increase in impacts (see Figures 13, 15, 26). These findings are supported by other studies that have shown that a large
number of NDGs are incompatible with global health and environmental targets and few incorporate aspects of environmental sustainability.11,13,14 Given this
evidence, we believe that significant steps need to be taken to raise the level of ambition of NDGs in all countries to ensure they are in line with global health
and environmental targets.
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WE URGE ALL COUNTRIES TO:

1

Immediately review
and update existing
NDGs or develop new
NDGs that integrate
human health
and environmental
sustainability goals.

2

Assign shared
responsibility for
updating existing
NDGs to the
Ministries of Health
and Ministries of
Environment or
Agriculture, or their
associated agencies.

3

Ensure updated
NDGs are developed
by an independent
scientific body and
are free from industry
influence.

4

Integrate NDGs
into environmental
policy frameworks
including the Paris
Agreement,
post-2020 global
biodiversity
framework and
Sustainable
Development Goals.

Initiate national-level multi-stakeholder dialogues on healthy and sustainable diets
To begin the process of transforming national food systems, we encourage policymakers to initiate national-level multi-stakeholder dialogues to discuss and
explore the implications of implementing the five strategic actions outlined in this report. While government has a crucial role to play, the private sector and
civil society must also be engaged to ensure that the full range of levers and capacities of experts in a country are used. We encourage all those involved in these
dialogues to explore the full range of policy tools available (Table 2). Too often, attempts to change diet or other aspects of the food system rely too heavily on
soft policy approaches, such as education campaigns, community empowerment initiatives or private sector voluntary commitments. Research demonstrates
that harder policy tools, such as regulatory or fiscal measures, may be more effective in generating sustained change.73
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Source: Nuffield Council on
Bioethics72

POLICY RUNG

POLICY OPTION

LEVEL OF INTERVENTION

8

Eliminate choice

7

Restrict choice

6

Guide choices through
disincentives

Apply taxes or charges

5

Guide choices through
incentives

Use regulations or financial incentives

4

Guide choice by changing

Provide ‘better’ options

3

Enable choice

Enable individuals to change behaviour

2

Provide Information

1

Do nothing

HARD

The various levels of policy
options available to policy
makers.

SOFT

TABLE 2

DESCRIPTION
Channel actions only to the desired end
and isolate inappropriate actions
Remove inappropriate choice options

WE ARE
PRODUCING
ENOUGH FOOD TO
FEED EVERYONE
ON THE PLANET
BUT IN THE
PROCESS WE ARE
NOT RESPECTING
PLANETARY
BOUNDARIES

Inform or educate the public
No action or only monitor situation

Curate the evidence base for your country
Although the global case is well established for the need to shift diets to achieve health and environmental goals,1,3,5,11 extensive gaps remain (especially in
low- and middle-income countries)73 in the evidence base regarding specific implications of dietary shifts at the national level and which actions are most
effective in a specific context. Most actions that have been implemented have aimed to improve health rather than environmental sustainability, yet as shown
in this report, dietary shifts toward planet-based diets offer the opportunity for ‘win-win’ solutions.
To assist countries in curating their own evidence base, we have developed an online interactive modelling tool to accompany this report. This tool enables
all interested stakeholders to determine national-level environmental and health impacts for various diets. The same type of results that are presented in this
report can be tailored to a specific country or region. In addition, users are able to select daily or weekly intake levels of 13 food groups, with guidance on an
optimal intake range for an average citizen, and see the results of these choices on various environmental and health indicators. A sample shopping basket of
regionally specific food items is also offered to assist consumers when purchasing food.
The Planet-Based Diets Impact & Action Calculator
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MULTILATERAL ACTIONS
Facilitate international coordination of efforts
Global transformations of the past have taught us that no single actor or
breakthrough will be enough to catalyse systems change.5 The results
presented in this report have highlighted that transformational changes
in the way we produce and consume food will require an unprecedented
level of global partnerships and coordination of efforts. Although the
specific actions that are implemented will be context-specific, the only
way that we can bend the curve on the negative impacts of the global
food system to achieve healthy and sustainable diets for all people is
through coordinated global action.
The UN Food Systems Summit in 2021 is a critical opportunity to
facilitate such international coordination. The UN Summit is intended to
“raise global awareness and land global commitments and actions that
transform food systems to resolve not only hunger, but to reduce dietrelated disease and heal the planet. The Secretary-General is calling for
collective action of all citizens to radically change the way we produce,
process, and consume food.”75 The findings of this report can serve as
a scientifically robust evidence base for the Summit to guide individual
countries as they develop commitments to bend the curve on negative
impacts of their own food systems.
Incorporate diets into the post-2020 global biodiversity
framework
As the UN Decade on Biodiversity (2011–2020) and the Strategic Plan
for Biodiversity 2011-2020 and its Aichi Targets draw to a close, there
is a need for a more robust and binding commitment from all countries
to slow down and reverse biodiversity loss. The post-2020 global
biodiversity framework is currently being negotiated and will be agreed
upon in 2021. The results of this study and many others have highlighted
the critical role that shifting diets can play in reducing pressure on land
conversion for agriculture and reversing biodiversity loss (see Figures
26, 30).1,5,27 With current food production accounting for nearly 80% of
biodiversity loss globally (see Figure 12), the world will not be able to
achieve progress on bending the curve on biodiversity loss unless dietary
shifts are considered and incorporated into new treaties and agreements
moving forward. Given this, we are calling for healthy and sustainable
BENDING THE CURVE: THE RESTORATIVE POWER OF PLANET-BASED DIETS

diets and their associated impacts to be integrated into the post-2020
global biodiversity framework. This could be similar to how the IPCC’s
Special Report on Climate Change and Land1 described plant-based diets
as a major opportunity for mitigating and adapting to climate change –
and included a policy recommendation to reduce meat consumption.76
Establish global research coordination bodies for food
systems
Underlying any international coordination of efforts must be a champion
or group of champions that highlights the narrowing gap between
scientific evidence and policymaking. Such a group of champions for
food systems and dietary shifts could be similar to existing bodies
such as the IPCC, the Intergovernmental Panel on Biodiversity and
Ecosystem Services (IPBES) or the International Panel of Experts on
Sustainable Food Systems (IPES-Food). Currently, an integrated health
and sustainable diets agenda tends to get lost or seen as too big to tackle
and therefore a new oversight body or bodies might be needed that would
be able to deliver robust scientific synthesis research while being subject
to intergovernmental agreements, conventions and Conferences of the
Parties (COP). An international body specifically focusing on healthy and
sustainable diets, akin to how the IPCC focuses on climate change, could
play a key role in curating the global evidence base necessary to build a
global agenda on diets.
Develop a framework convention on food systems
As shown in this report, dietary changes can help to meet existing
international agreements such as the Paris Agreement, global
biodiversity framework and SDGs. However, a new framework
convention or agreement/treaty for food systems is almost certainly
needed to spur commitments and hold countries legally accountable
to these commitments. A “UN Framework Convention on Healthy
and Sustainable Food Systems”, similar to the Framework Convention
on Climate Change or the Convention on Biological Diversity, could
help organize commitments but leave national-level strategies for
transforming food systems up to individual countries. The agreements
negotiated by such a framework convention on food would need to be
informed by a scientific body of experts on healthy and sustainable diets,
akin to the IPCC for climate change.
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CONCLUSION
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The 2020 Living Planet Report underlined how humanity’s increasing destruction of nature is having
catastrophic impacts not only on wildlife populations but also on human health and all aspects of our lives.20
The message of this report, however, is not a lone beacon of warning. The scientific evidence to support
nature’s decline is unequivocal – it is being destroyed by us at a rate unprecedented in human history.

GLOBAL FOOD
CONSUMPTION
VARIES WIDELY
CAN BEST BE
CHARACTERIZED
BY MASSIVE
INEQUALITY

In recent years many studies have undertaken the task of determining the
main drivers of the rapid destruction of nature and if it’s still possible to
reverse these trends.5,19,21,77 The main conclusions from this growing body of
research are that: 1) we still have time to reverse course and restore nature;
2) there are win-win solutions available today that are good for people and
planet; and 3) what we eat matters.

Some may argue that warnings of the catastrophic impacts of the destruction
of nature are alarmist. The human population has never been healthier
and food has never been more plentiful. In addition, the human species has
always advanced by exploiting the environment, so nature’s destruction
is inevitable and has in fact been positive and necessary for our species to
thrive.

In this report, we have shown the restorative power of planet-based diets
and their potential to help individual countries achieve both environmental
sustainability and human health goals. This presents us with a rare win-win
opportunity that does not require new technologies – only a commitment
from all nations to implement bolder, more ambitious NDGs and policies to
ensure healthy planet-based diets for all citizens.

This argument is inherently flawed. The agricultural revolutions of the past
have enabled humanity to feed more people and the rapid productivity gains
since the “green revolution” have spurred improvements in human health
and accelerated population growth.18 These gains, however, have come at
the expense of the environment; current global food production depends
on practices that cross planetary boundaries, taking us into unknown and
dangerous territory.19 So far, increased food productivity has been able to
stay ahead of the effects of a deteriorating environment – but this time lag
has masked the underlying symptoms of a planet in crisis, and tricked us into
believing that exploitation of the Earth’s resources is without reckoning. Far
from being alarmist, the dire warnings from the 2020 Living Planet Report,
this report and many others show that there is now overwhelming scientific
evidence that our past actions are catching up with us.

Diets by themselves, however, are not enough to bend the curve on the
negative impacts of the global food system. To achieve this also requires
bolder, more ambitious commitments to implement more sustainable
food production practices. This includes amplifying national-level efforts
to implement agro-ecological practices such as conservation agriculture,
agroforestry and regenerative agriculture. When combined with reduced
food loss and waste, we have a roadmap for restoring biodiversity and nature
while feeding humanity.

Copyright Credit © Elizabeth Kemf / WWF
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If the evidence clearly demonstrates that we can restore the
planet and feed humanity, then why aren’t we doing it? Three
barriers have hindered action to date. First, the science has
only recently advanced enough for us to fully understand
the global impact of the food system. Second, the problem
has yet to be broken down in sufficient detail for individual
countries to understand their piece of the global jigsaw
puzzle of building a food system that feeds humanity without
destroying the planet. Third, humanity has never before
needed to change the food system so radically at this scale or
speed. The enormity of the task at hand can freeze individuals
and policymakers and prevent them from taking action.
With this study we hope to advance the process of removing
these three barriers so that action can be taken on the
ground. Action on food system transformation must start at
the local level, but before action can be taken, policymakers
must understand the impacts on their country. Dietary shifts,
which are a fundamentally important action that all countries
must take to address both environmental and human health
issues, will impact countries differently. Some countries will
need to reduce their consumption of animal-source foods
while others may need to increase them. Some countries
may see GHG emissions decrease while others may see them
increase. Some countries will need to radically transform
current diets while others may need instead to work to hold on
to traditional dietary patterns and resist a transition to a more
Western diet. All countries, however, will need to raise the
ambition of their NDGs so that they are aligned with the latest
science on human health and environmental sustainability
to enable diets to help them achieve more ambitious NDCs,
a holistic post-2020 global biodiversity framework, and a
renewed commitment to the SDGs. The time for talk is over.
It’s now time to roll up our sleeves and get to work.

Copyright Credit © Karine Aigner/WWF-US
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SCOPE, LIMITATIONS,
UNCERTAINTY
Copyright Credit © Jonathan Caramanus / Green Renaissance / WWF-UK
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Bending the Curve: The Restorative Power of Planet-Based Diets brings together scientists from across the
WWF Network and from around the world to assess the impact of diets on various environmental and health
indicators. Where possible, we have drawn on the expertise of leading scientists from a wide range of fields.
The analyses used as the basis for this report have been previously published in leading journals such as
the British Medical Journal11 and Science.12 We are confident in both the scientific rigor of the analysis and
the conclusions drawn from it. We do, however, recognize that with all scientific studies limitations and
uncertainty exist and therefore acknowledge some of these below.
To assess the impact of various food consumption patterns, we used a
lifecycle assessment (LCA) approach. An advantage of using an LCA
approach is that it enables a more complete and holistic understanding of the
impact of food at all stages in its production. It also has several limitations.
First, inconsistency in methodological choices makes comparisons across
studies difficult. In this analysis, however, we use a source that substantially
harmonizes across LCAs for methodological differences. Second, an LCA
may only give an indication of the average environmental impact and may
not give an indication of the best-case outcome. Third, LCA has historically
focused on environmental not social impacts.78 We fully acknowledge and
recognize both the values and limitations of using an LCA approach; despite
its limitations, important conclusions can still be drawn.
The estimates presented in this report are based on the best available
science. However, given the limitations of LCAs, we acknowledge that
uncertainty exists. In general, we have a higher level of scientific certainty
about the overall direction and magnitude of the relationships described in
this report but recognize that considerable uncertainty may exist around
the specific quantifications presented throughout the report. We therefore
encourage readers to focus more on the trends and relationships described
and less on the precision and certainty of the quantifications presented.
Furthermore, we acknowledge that dietary patterns and food systems extend
beyond environmental and human health impacts to include social, cultural,
economic and animal welfare consequences and more.
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However, given the breadth of the topics discussed in the report, it was
necessary to place many important economic and social issues out of its
scope. These and other issues must eventually be considered and may best be
done through multi-stakeholder dialogues and curation of a deeper evidence
base for individual countries.
Although we focus mainly in the impact of diets, we fully acknowledge that
to bend the curve on the negative impacts of a food system requires that
dietary shifts be combined with ambitious improvements in food production
practices and reductions in food loss and waste. Together, this will enable
humanity to be fed healthy diets within planetary boundaries. We focus
mainly on the impact of diets to be able to isolate their impact for decisionmakers.
One environmental impact that was not able to be assessed was the impact
of chemicals – i.e. pesticides and other substances that can be toxic to
ecosystems and humans. We fully acknowledge that the use of chemicals
for food production is a significant threat both to human health and
environmental sustainability. We were not, however, able to assess their
impact given the lack of scientific evidence available, which mean they
cannot be included as part of an LCA.
Lastly, we did not explore future scenarios, which would be impacted by
a multitude of variables including population growth, urbanization, and
economic development. Instead, we offer a snapshot of current health and
environmental impacts. For this we used a 2010 baseline population estimate
of approximately 7.0 billion people. This is consistent with other studies
and takes advantage of the most comprehensive data available.5,21 When
interpreting the results, however, it is important to keep in mind that an
additional 2 billion people will need to be fed by 2050, making dietary shifts
even more urgent.
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