
1 AGRICULTURE IS A MAJOR DRIVER OF
CLIMATE CHANGE (AND DISEASE)

Our most basic common link is that we all inhabit this small planet.
We all breathe the same air. We all cherish our children’s future. And
we are all mortal.

—John F. Kennedy

Agriculture’s Contribution to Climate Change and Chronic
Disease

Climate change is experienced as long-term changes in
temperature, precipitation, humidity, and wind speed. Climate change
is predicted to negatively affect the productivity of agricultural, forestry,
and fisheries systems in the years ahead because of an increase in the
frequency and magnitude of weather extremes such as storms, floods,
and drought.††

Climate variability is experienced as shorter-term seasonal
shifts, which often have even more immediate and potentially deleteri-
ous effects on local environments.12,13

Individuals, farmers, pastoralists, and aquaculturists depend on
the stability of the environment for their livelihoods and food security
(as do large industrial farms, which often feed large numbers of people).
The accelerating rate of climate change and the increased frequency of

†† We are already seeing this.
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negative environmental events and their ensuing damage are lowering
the levels of growth, development, and yields within certain food
systems – especially those near the equator, which historically have been
very productive – and may push food-producing systems beyond what
is recoverable.12,14

One of the regions that is most vulnerable to climate change and
weather extremes is sub-Saharan Africa, which has the highest preva-
lence of food insecurity in the world. Latin America, the Caribbean, and
south Asia are close behind.12 Throughout these regions, poverty is
endemic due to limited access to capital, infrastructure, and technology.
Complex governance and institutional dimensions, conflicts, disasters,
and disproportionate population growth also interact to contribute to
these high poverty levels. Climate stressors and climate extremes further
increase the likelihood of adverse health and food security
outcomes.15,16

In a typical year, there are more than 800million people around
the world who suffer from malnutrition, hunger, or food insecurity
because they are unable to grow or obtain enough food to eat. There
are also 150 million children each year who present as underweight or
stunted – which is a long-term indicator of poor nutritional intake.17

Many people who are hungry or are at risk of starvation resort to
extreme measures.18 These can include selling important resources,
poaching, or even migrating to feed themselves and their families.19,20,21

Clearly, climate change and climate extremes have the biggest impacts
on those who are the most vulnerable.

At the same time, there are 1.9 billion people around the world
who are overweight or obese, who consume far more calories than they
need for good health, and who live with a range of debilitating chronic
diseases.22

Each year, the average Australian, American, or European con-
sumes more than 75 pounds (34 kg) of meat (beef and pork), more than
57 pounds (26 kg) of poultry, at least 250 eggs, and at least 275 pounds
(125 kg) of milk (primarily as cheese, frozen-dairy desserts, cream
products, and fluid milk).23,24 Most if not all of these foods have been
linked to an increased risk for preventable chronic diseases such as
diabetes, heart disease, stroke, kidney disease, and cancer.25,26,27

In summary, people who eat more animal products tend to have
more chronic diseases. People who eat more animal products also
contribute far more to climate change than those who do not have
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enough to eat. Diets that are high in animal proteins contribute signifi-
cantly to environmental degradation and climate change.28,29

Did you know that?
I ask because even I, a dietitian who studies climate change,

food security, and agriculture, was shocked to learn that the foods we
eat produce between 25 percent and possibly as much as 51 percent of
all greenhouse gas emissions globally.29,30,31 Agricultural emissions are
composed primarily of methane (chemical symbol CH4), nitrous oxide
(N2O), and carbon dioxide (CO2). It is worth noting that CH4 is
between 28 and 36 times stronger than CO2 in terms of its warming
potential; and even worse, N2O is 265–298 times stronger than
CO2.

32,33

Each year, livestock produce at least 7.1 gigatons of greenhouse
gas emissions (and this is growing). That is more than the entire global
transportation sector.30,31 Up to 80 percent of these emissions are
produced by the enteric fermentation of ruminants – namely beef and
dairy cattle – and by the off-gassing of manure or other by-products of
animal agriculture.{{ Pigs, chickens, buffalo, and other small ruminants
contribute to these emissions as well, but to a lesser degree.34,35

Every day we have the opportunity to choose the foods that we
eat, and whether or not they will contribute to climate change. Sadly,
this is rarely discussed at high-level meetings or in the news despite the
fact that our food choices affect livelihoods, food security, sustainability,
and health.

There is more than enough food grown around the world to
feed every person a sufficient number of calories for good health. So
much food is produced that nearly one-third of all food calories grown
ends up getting discarded as food waste.36 The United States produces
nearly double the number of calories (3,800 per person per day) than
are needed for good health (much of this food is sugary, processed, or
animal-based). In contrast, in developing and low-income countries,
calories are lacking. Clearly, the foods we produce are not well distrib-
uted, as evidenced by the large number of people who are hungry, the

{{ Enteric fermentation is a digestive process in cows and other ruminant animals (cattle,
sheep, goats, buffalo) in which carbohydrates (such as grasses or other grains) are broken
down by microorganisms in the stomach (rumen) or digestive tract into simple molecules (such
as glucose) for absorption into the bloodstream of the animal. Unfortunately, this process
produces methane as a by-product.
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even larger number of people who are overweight or obese, and the
amount of food that is thrown away.

Food waste – which occurs at the farm and in the home – is
another large contributor to greenhouse gas emissions. As much as
40 percent of food calories get discarded (depending on the country),
and food waste produces 7–8 percent of all greenhouse gas emissions,
primarily from methane – the by-product of all that waste. If “food
waste” were its own country, it would be the third-largest emitter of
greenhouse gases in the world, after the United States and China. The
annual global emissions produced by food waste exceed the total annual
emissions produced by all of the cars in the United States.37

So, not only is food waste a huge contributor of greenhouse gas
emissions but also it represents a considerable loss of nutrients and
calories from the worldwide food system.

Seeing this waste – this inability to move food to where it is
needed, whether in developed or developing countries – is heartbreaking
for several reasons including: the pointless waste of animal lives, the
nutrients that are wasted from crops, the waste of energy resources that
went into producing the food, and the hundreds of thousands – if not
millions – of hungry or undernourished people who could have been fed
this food.

The fact that so much food gets wasted highlights the many
individuals and groups around the world who are vulnerable to malnu-
trition and food insecurity.

Further compounding these issues, roughly 42 percent of all
cereal grains grown around the world are diverted away from human
consumption to feed animals.38 Yet in many parts of the developing
world there are shortages of calories and micronutrients (vitamins and
minerals) available for human consumption, resulting in mass malnutri-
tion, disease outbreaks, an increase in risky behaviors such as poaching
endangered animals, migration (most often as a last resort), or some
combination of these.39

Conversely, among many higher-income nations, including the
United States, Canada, and several European countries, nutrition-
related chronic diseases represent the most numerous causes of death.
Several studies point to the overabundance and overconsumption of
animal products such as meat, poultry, dairy, and processed foods as
the most likely proximate causes if these diseases.40,41,42
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At both ends of the spectrum, individuals live with debilitating
conditions – whether infectious or nutrition related – and too often die
younger than they should.

Agriculture’s Contribution to New Infectious Diseases

Another factor that contributes to both the initiation and
spread of new infectious diseases and environmental degradation is
the increasing prevalence of monoculture farming methods.

“Monoculture farming” is when only a single crop or organism
is grown or cultivated on agricultural or forested land. A monoculture
system differs from traditional farming, in which three, four, or even
more different crop or animal species are grown or raised simultan-
eously. Monoculture farming, which has become increasingly common,
is akin to putting “all of your eggs into one basket” and hoping for the
best. This is quite risky.

A major problem associated with monoculture systems is the
increased susceptibility of the crops or animals to disease. This is in part
due to the lack of genetic diversity within the system itself, eliminating
much of the resilience that species might have had in a more diverse
setting with other species surrounding them to spread (and lower)
the risk. It also means there is no line of defense in case of a disease
outbreak.

Throughout the world, particularly in the tropics – which his-
torically have been rich in biological diversity – rain forests are being
razed and replaced with monocultures that are completely devoid of
biological diversity. Monocultures are often paid for by giant
agribusinesses and are the leading causes of biological diversity loss as
they remove, displace, or simply kill native species.13,43,44,45

Like crops, many “industrial” animal farms today are also
monocultures where one species with one specific genetic preference is
raised. These animals are often kept in what is known as concentrated
animal feeding operations (CAFOs).

CAFOs frequently use enclosed warehouse-type structures to
house or confine their animals in extremely high density – thousands of
large animals or hundreds of thousands of smaller animals.§§ CAFOs

§§ Cows are considered large animals, while chickens, ducks, sheep, or goats are considered
small animals.
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offer minimal, if any, mental stimulation, comfort, or opportunity for
the animals to engage in natural behaviors.6 They do, however, provide
conditions that increase the likelihood that animals will acquire
infectious pathogens and share those pathogens with one another, and
so increase the chances of the pathogens evolving into new forms, some
of which may be capable of infecting humans as well.6

CAFOs also often lead to poor farm management, environmen-
tal pollution and degradation, and public health problems, including
diseases – both chronic and infectious. CAFOs may also have negative
socioeconomic impacts on the farmers who work there and on the
surrounding communities.46,47,*** It should be noted that the primary
objective of a CAFO is to maximize profit, not to worry about
welfare.47

Today, CAFOs supply more than 90 percent of the world’s
meat and nearly 99 percent of the meat consumed in the United
States.48 Around the world, it is estimated that over 90 percent of the
animals that are farmed live in factory farms. This includes both verte-
brate land animals and farmed fish.49

To expedite the growth of their animals and mitigate the spread
of disease or pestilence – which are common in crowded and stressful
living conditions – CAFOs frequently give their animals prophylactic
doses of medically important antibiotics and other drugs or pesticides.
These treatments are “intended not to cure the animals, but to foster
their weight gain and maintain their health just sufficiently for profitable
sale and slaughter.”6,47

In the United States, roughly 80 percent of all antibiotic use
occurs on farms. By 2030, antibiotic use on farms will increase by
69 percent globally due to the expected growth in meat consumption
in middle- and low-income countries.50,51 This extraordinary use of
antibiotics contributes significantly to the evolution of antibiotic-
resistant bacteria in both animals and humans.47,50

Both our agricultural practices and our close contact with wild
and domesticated species are projected to lead to new or emerging
infectious diseases, and it is suggested that three out of every four new
or emerging infectious diseases will come from animals.44,52 CAFOs
exacerbate the transmission of new diseases, for when diseases show up,

*** To see examples of CAFOs, head to any search engine and look up “CAFO images.”
What you will see may shock you.
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they quickly spread through a herd or flock, causing significant harm
(or death) to the animals. If the disease is also transmissible to humans,
there may be few – if any – ways to treat it due to the decrease in the
efficacy of currently available antibiotics, or simply due to the fact that
it may be a disease that has never been seen before.48,53,54

This has happened a few times in the recent past, such as with
the H5N1 bird flu in the early 2000s, the Middle East respiratory
syndrome (MERS) in 2012, and even more recently the severe acute
respiratory syndrome (SARS) coronavirus-2 (COVID-19) of 2019–2021.

The H5N1 bird flu is a highly pathogenic influenza virus that
spilled over from wild birds to domesticated poultry for the first time in
1997.6 It is highly contagious and deadly to wild birds and domesti-
cated poultry. It is also extremely deadly to humans who become
infected with it (up to 60 percent mortality rate) after direct contact
with sick or dead poultry that were infected with the virus.55 A vaccine
has since been developed to help prevent the spread of H5N1 among
birds; however, this vaccine is not given to humans, because as of yet
H5N1 does not spread from human to human.6

The MERS virus of 2012 was a coronavirus that spread in the
Middle East. MERS was thought to have originated in bats that trans-
mitted the virus to camels, which then spilled over into humans who
were in close contact with those camels.56 MERS was also a new virus
that spread from animals to humans, and it had a roughly 35 percent
mortality rate. To date, there is no vaccine for MERS, but it did not
rapidly spread around the world in the way certain flus or other
coronaviruses have.

COVID-19 is a coronavirus that is believed to have spread from
a wild animal reservoir, perhaps a bat, to humans by way of an
intermediary animal that was housed in a market where there was close
contact between animals and humans.57 While this virus is not nearly as
deadly as H5N1, SARS, or MERS, COVID-19 has seen widespread
dissemination around the world and has killed more than 3.3 million
individuals (as of this writing).

In addition to viruses that spill over from animals to humans,
there are a number of bacterial infections that are spread by animals or
in animal-based foods that cause illness or death in humans every year.
The most common bacteria that cause foodborne illness in humans are
Staphylococcus aureus, Clostridium perfringens, Salmonella species,
Escherichia coli, and Listeria species, to name a few. The foods that
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commonly transfer these bacteria are of animal origin, in particular eggs
and egg products, pig meat, broiler meat, cheese, fish and fish products,
milk and dairy products, bovine meat, and crustaceans.58

Unfortunately, as more antibiotics are used in animals for
nontherapeutic purposes, more bacteria have developed antibiotic
resistance.59

Another factor that has contributed to the increased risk for
new infectious diseases spreading from animals to humans is the rapid
rate of growth in the human population over the last several decades.
Unfortunately, this will likely worsen, as the human population is
expected to continue to increase through at least 2050.6

Today, humans live in high densities in many cities around the
world. We have penetrated ecosystems and encroached on forests, and
we continue to do so into new wild areas around the planet. We disrupt
the physical habitats and the ecological well-being of these places.6 We
kill and butcher and eat many of the wild animals that are out there. All
of these behaviors increase the frequency of human–wild animal inter-
actions and make species spillover of infectious diseases all the
more likely.

Today’s global population is roughly 7.8 billion people.60 By
2100, the global population could be as high as 11.2 billion people.
Population growth is slowing down in westernized, developed countries
such as the United States, Canada, Japan, and several countries of
Europe. It is expected that the majority of population growth will occur
among several developing countries, specifically those in Africa, where
populations are expected to double to more than 2.6 billion people
(from today’s 1.3 billion).61,62,63 The population of India is set to reach
1.70 billion people by 2050, an increase of 25 percent from today’s 1.38
billion, while the population of Bangladesh could increase by as much
as 20 percent by 2050 (to close to 200 million people).64,65

A bigger population means more mouths to feed. More mouths
to feed means more land is needed for growing more food. Clearly,
more efficient and productive farming methods and changes in food
choices will be needed.

In addition to population growth, where people live is also
changing. Currently, around 55 percent of the world’s population lives
in cities. By 2050, a little more than 66 percent of the world’s popula-
tion is projected to be living in cities.66 Along with urbanization often
comes a diet containing more processed foods and more animal-based
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foods.67 This phenomenon was seen in China. Starting in the 1970s,
over a forty-year period, as incomes grew and the population urbanized,
per capita meat intake in China quadrupled.68

It is projected that among African nations, meat intake will
increase by 50 percent over the next fifteen to thirty years as a result
of increased urbanization and increased incomes.66 For these popula-
tions, meat and other animal products are considered more desirable
and reflect a higher standard of living or wealth. They also frequently
represent a “better nutritional intake.”

This is something that struck me when I was in Ethiopia and
engaged in my dissertation research. I met with individuals who had
migrated from their villages into the city to earn a cash income, often for
the following reasons: to be able to purchase more and better foods for
themselves and their families; to help their families make money to buy
oxen, irrigation, or other farming inputs; to purchase supplies for
schooling and education, including pencils, books, and paper; or for
all three of these reasons.69 I was recently reminded of this while
watching the film Black Gold, a documentary about coffee-farming
regions and coffee farmers in Ethiopia struggling to survive and feed
their families and to provide for schools and other education facilities.70

But if every person in the world started eating like an American,
consuming as much meat and other animal products as Americans do,
we would likely require a second Earth to feed us all!71,72Unfortunately,
we do not have a planet B to use for this purpose.

With this in mind, I find myself asking: How and where will this
increase in meat come from, and what will happen to the remaining
wildlife and their habitats in these countries, or in other countries where
this meat is imported from?

Each year, 8 million hectares (nearly 20 million acres or
80,000 km2) of rain forest are destroyed for agriculture – for both
subsistence and industrial purposes – and for cattle ranching.73 This
clear-cutting of forests removes oxygen from the atmosphere and
releases millions of tons of CO2, CH4, and nitrogen, escalating climate
change and biodiversity loss, increasing the potential for negative
impacts on the health and sustainability of our planet.

In the world’s largest rain forest – the Amazon – 88 percent of
the loss that occurs is due to commodity-driven deforestation or clear-
cutting for agriculture. Where forest once was, soy or other grains
destined for animal consumption now grow.44,73 The loss of rain forests

13 / Agriculture Is a Major Driver of Climate Change (and Disease)

https://doi.org/10.1017/9781108935340.004 Published online by Cambridge University Press

https://doi.org/10.1017/9781108935340.004


has significant effects on the environment, both locally (by affecting
local weather patterns) and more globally (in terms of regulating
oxygen and CO2 levels in the atmosphere). The loss of rain forests
intensifies soil erosion and desiccation (drying out), reduces or com-
pletely removes forest foods and services, affects food supply, stability,
and availability, and often results in the loss of unique species.

The loss of rain forests also pushes large numbers of food-
insecure people onto plots of land that are too small, isolated, marginal,
or unproductive. This means they have difficulty meeting their liveli-
hood and food security needs. This is further evidence that the ways in
which we currently grow, raise, or distribute our foods is not
working.74,75

Currently, 13 percent of the Earth’s land surface (1.7 billion
hectares, 17 million km2) is too cold for rain-fed agriculture, and
27 percent (3.6 billion hectares, or 36 million km2) is too dry. Only
17 percent of the world’s agricultural land is irrigated, but it produces
40 percent of all cereal crops. Desertification is expected to increase
during this century, meaning there will be less arable land to grow food
on.76,††† Yet, as the human population grows, cereal production will
need to increase by 38 percent over current levels by 2050. Meat
production will also likely increase by 62 percent (up to 573 million
tons per year, or 520 million tonnes per year) due to the growing desire
for animal products in the developing world.77,78

Unfortunately, it is wildly inefficient to give calories to animals
to produce animal protein foods for humans. For every 100 calories of
plant matter fed to animals, only about 3–17 percent of those calories
turn into meat, dairy, fish, or egg proteins for human consumption.79

Every year there are hundreds of millions of people throughout the
world who are hungry or starving. Yet billions of animals are fed the
calories and nutrients that could be fed directly to people in order to
nurture a growing human population.80

Clearly, raising more animals for food is not the solution. As
stated earlier, animal products increase the risk for many chronic
diseases, and they also decimate the environment, pollute water, and
produce too many emissions.27,31,34,81

††† Desertification is the process by which fertile land (often previously rain forest) becomes
desert or nonarable land, typically as a result of drought, deforestation, or inappropriate
agriculture. Up to 20 percent of the world’s land is threatened with desertification.
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A study from Cornell University in New York found that an
animal-heavy diet, such as a standard American diet, requires signifi-
cantly more land, water, and energy resources than a primarily plant-
based diet.82 Another study published in the Proceedings of the
National Academy of Sciences indicated that, by 2050, a plant-based
diet could lower food-related greenhouse gas emissions by between
29 and 70 percent as compared to an animal-heavy diet.34

These statistics underscore the importance of significantly
lowering animal-foods consumption in higher-income nations and of
keeping animal-foods consumption low in lower-income nations. Yet as
people in developing countries urbanize and gain more disposable
income, they will tend toward dietary patterns that mimic current
“Western” dietary patterns that are heavy in animal products.

It is necessary that we balance the needs of those who are most
vulnerable to hunger and malnutrition – and who can now afford more
animal products – with the wants of those who use more than their
share, as well as with what the planet can provide in a sustainable way.
Achieving this balance will be a huge test of policy, science,
and morality.

The more we exacerbate climate change and the loss of natural
ecosystems and biological diversity, the more difficult it will be – and the
less time we will have – to achieve these goals and this balance. At
present, we seem to be collectively hurtling toward a cliff edge and
someone has cut the brakes.

Many people already understand that fossil fuels are a major
source of greenhouse gases, adding carbon to the atmosphere
and oceans. However, far fewer people are aware that what we eat –
animal products specifically – contribute enormously (even more than
all of the cars, planes, and ships in the world) to climate change,
sea-level rise, ocean acidification and dead zones, and global extinction
rates.83

Low-lying island nations such as the Solomon Islands and the
Maldives are disappearing under the ocean. These nation-states are
being displaced and their people are clamoring for resources, including
new places to live.

Coral reefs, the largest living masses on Earth, are dying and
losing the sea creatures that call them home. Oceans are losing their
diversity. Land animals are losing their habitats. Earth’s ecosystems are
being disrupted in what is being called the “sixth mass extinction.” The
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first five mass extinction events were caused by natural occurrences; this
time, the cause is us.{{{

Yet we can delay and perhaps even reverse these calamities. In
fact, one of the most impactful things we can do to reverse course and
restore our global ecosystems is to significantly reduce our intake of
animal proteins and significantly increase our intake of a whole-foods,
plant-based diet.

Diet is “the most important contribution every individual can
make to reversing global warming.”84 It is not just about how much we
drive or how much electricity we use. Over the next decades, renewable
energy use will likely increase and greenhouse gas emissions from
transportation and energy will likely decrease as countries (hopefully!)
band together to reduce their use. In contrast, emissions from agricul-
ture, food waste, and animal husbandry will almost certainly increase
due to population growth and demand, unless we do something about
these as well. These foreseeable changes are why diets and what we eat
need to be discussed – immediately – in climate change talks, in books,
on the news, and at conservation and sustainability meetings.

The other major reason for why we need to have these discus-
sions is the increased risk of new infectious disease outbreaks related to
how we raise animals for food and how these new infectious diseases
may act as effect multipliers of a person’s vulnerability to climate
change and food insecurity.

Infectious Diseases as Effect Multipliers of Climate Change
and Food Insecurity

Vulnerability refers to the propensity that human livelihoods
and assets will suffer adverse consequences when impacted by hazards
such as climate extremes, changes to the food supply, or economic shifts
that affect the ability to access foods.18 While climate change and
environmental stressors can obviously affect food production systems

{{{ The first five mass extinction events include the Ordovician (444 million years ago), when
86 percent of species were lost due to a severe ice age; the late Devonian (375 million years
ago), when 75 percent of species were lost due to oceanic algal blooms; the End Permian (251
million years ago), when 96 percent of species were lost due to a cataclysmic volcanic eruption
near Siberia; the Triassic (200 million years ago), when 80 percent of species were lost due to
unknown reasons; and the Cretaceous (66 million years ago), when 76 percent of species were
lost due to a gigantic asteroid impact.
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and supply chains, nonenvironmentally related events such as pan-
demics can also affect food production systems and supply chains,
particularly among those who are most vulnerable. This is something
we have seen during the COVID-19 pandemic, which has increased the
risk of malnutrition and even starvation for an additional 265 million
people around the world. This is on top of the typical 800 million
people globally who are malnourished every year.85

Social and political factors associated with the pandemic have
interacted with environmental changes, food production systems, and
supply chains to increase the vulnerability of certain populations to
waning food supplies and malnutrition.

Any shock to a system, whether from climate change or a global
pandemic, may result in both immediate and longer-term effects on food
security. These changes may make some or many food products
inaccessible or unaffordable to vulnerable populations. What this
means for long-term food security in a world with a growing and more
vulnerable population remains to be seen.86 What is known, however, is
that hungry and resource-stressed populations tend to mass migrate or
to fight wars.

Food shortages – which occur more often in developing coun-
tries – have been exacerbated by the pandemic. Supply-chain problems
have led to food shortages and/or have increased the price of foods.
COVID-19 is an “effect multiplier.” It has multiplied the stressors
people already face from climate change, soil erosion, salinization,
overgrazing, overextraction of groundwater, and the general decreased
productivity of the land. COVID-19 has made things significantly worse
for many people around the world.87

Some people who were already vulnerable to poverty, hunger,
and livelihood loss before the pandemic have had to resort to tragic
alternatives including poaching and logging, thereby increasing the
degradation of natural ecosystems during the pandemic.20,21 What’s
worse, there have been stories all over the news highlighting how crops
and live animals have been discarded, wasted, plowed over, or eutha-
nized as a result of supply-chain disruptions.88,89

Now imagine a situation in which this food had gone to vulner-
able individuals instead of being wasted. With many people out of work
or unable to obtain a daily wage during the pandemic, far too many
resources and far too much food have been destroyed.90 We are wit-
nessing these things happening around the world now, and they are
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being intensified by the pandemic. These are things we can learn from
and things that we can mitigate with appropriate action, effective
governance, and foresight.

Given that diets heavy in animal products contribute to the
development of chronic diseases, climate change, environmental deg-
radation, and the outbreak and spread of new infectious diseases, it is
time to change dietary recommendations (see Chapter 2). We must fix
our food systems and dietary habits now to make them more compat-
ible with the future we want. For more guidance on how, please see Part
2 (Chapters 8 and 9).
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