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Summary

rom deadly drought in Kenya to heat

waves in Russia and the United States,

the world’s climate is changing. Higher

temperatures and unpredictable weather
patterns are not only affecting people’s daily rou-
tines, but they are disrupting life-sustaining agri-
culture in many parts of the world. These chal-
lenges are expected to grow only more pervasive
in the future.

The Intergovernmental Panel on Climate
Change (IPCC) predicts that the Earth’s average
surface air temperature could rise by 0.69 degrees
Celsius by 2030, 1.8 degrees by 2065, and as much
as 6.4 degrees by 2099. This warming, along with
other climate-related shifts, including rising sea
levels, drought, and ocean acidification, will make
food production in the 21st century even more
unpredictable, uncertain, and difficult.

Extreme weather events have always been a
natural facet of life on Earth; however, as the
IPCC states, human-caused climate change is
likely the reason behind increased incidences of
weather extremes such as drought, monsoons,
and strong winds or hurricanes.

Because agriculture relies on healthy soil,
adequate water, and a delicate balance of gases
such as carbon dioxide and methane in the atmo-
sphere, farming is the human endeavor most
vulnerable to the effects of climate change. At
the same time, agriculture is a major driver of
human-caused climate change, contributing any-
where from 25 to 30 percent of global greenhouse
gas emissions, depending on the analysis.

The good news is that agriculture, when done
sustainably, holds an important key to mitigat-
ing climate change. The United Nations Food
and Agriculture Organization (FAO) estimates
that, through a variety of approaches, the global

agricultural sector could potentially reduce and

remove 80 to 88 percent of the carbon dioxide

that it currently produces. Practices such as using
animal manure rather than artificial fertilizer,
planting trees on farms to reduce soil erosion,
and growing food in cities all hold huge potential
for reducing agriculture’s environmental foot-
print and mitigating the damaging effects of cli-
mate change.

This report discusses six sustainable
approaches to land and water use, in both rural
and urban areas, that are helping farmers and
other food producers mitigate or adapt to climate
change—and often both. They are:

* Building Soil Fertility: Through a variety of
techniques that organically rebuild dry or life-
less soils, farmers can improve soil fertility while
reducing the need for chemical fertilizers and
pesticides. Alternatives to heavy chemical use in
agriculture—such as avoiding unnecessarily till-
ing and raising both crops and livestock on the
same land—can help to drastically reduce the
total amount of energy expended to produce a
crop or animal, lowering overall emissions.

* Agroforestry: Growing trees on farmland can
reduce erosion problems because the roots of
trees and shrubs help hold the soil in place.
Because trees remove carbon dioxide from the
atmosphere, keeping them on farms whenever
possible can help mitigate climate change. Agro-
forestry also keeps the soil healthier and more
resilient by maximizing the amount of organic
matter, microorganisms, and moisture held
within it. But agroforestry doesn’t just benefit
the land on which it is practiced; it also pro-
vides shade for livestock and certain crops, and
creates habitats for animals and insects, such as
bees, that pollinate many crops.
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+ Urban Farming: Growing food in cities can
mitigate the greenhouse gas emissions released
from the transport, processing, and storage of
food destined for urban populations. Urban
agriculture also increases the total area of non-
paved land in cities, making urban landscapes
more resilient to flooding and other weather
shocks, while improving the aesthetic value

of these landscapes. Urban farming plays an
important role in increasing food security, par-
ticularly in the poorest communities: the FAO
estimates that, on average, poor urban house-
holds spend as much as 60 to 80 percent of their
income on food.

Green Manure/Cover Cropping: Planting cover
crops improves soil fertility and moisture, mak-

ing soil less vulnerable to drought or heat waves.

Cover crops also serve as a critical deterrent
against pests and diseases that affect crops or
livestock, such as corn root worm or Rift Val-
ley fever, particularly as warmer temperatures
enable these organisms to survive in environ-
ments that were previously too cold for them.
Like agroforestry, in addition to helping farmers
adapt to climate change, cover crops can also
help mitigate climate change; planting cover
crops fixes elements like nitrogen into the soil,
maintaining the delicate balance of gases within
Earth’s atmosphere.

Improving Water Conservation and Recycling:
Innovations in water conservation—such as

recycling wastewater in cities, using precise
watering techniques like drip irrigation rather
than sprinklers, and catching and storing rain-
water—all help to reduce the global strain on
already-scarce water resources. These practices
will be increasingly important in areas fac-

ing increasing drought, heat waves, and other
weather conditions that threaten the availability
of irrigation and safe drinking water. Conserv-
ing water also saves energy: by avoiding heavy
energy expenditures from pumping water from
deep within the Earth, as well as from trans-
porting and distributing water from its sources,
water conservation can mitigate the severity of
climate change.

Preserving Biodiversity and Indigenous
Breeds: Growing diverse and locally adapted
indigenous crops, such as yams, quinoa, and

cassava, can provide a source of income and
improve farmers’ chances of withstanding the
effects of climate change, such as heat stress,
drought, and the expansion of disease and pest
populations. Preserving plant and animal bio-
diversity also reduces farmers’ overreliance on
a small number of commodity crops that make
them vulnerable to global markets.

These six agricultural practices all help to
make farmland, farmers, and entire communities
more resilient to the dramatic effects of climate
change, while scaling back energy use and green-
house gas emissions and thereby mitigating over-
all climate change. Many of these practices are
inexpensive to adopt and do not require exten-
sive infrastructure. But because they are relatively
labor intensive, they are most appropriate for
small-scale agricultural operations, rather than
large-scale industrial agriculture. Smallholder
farmers currently produce half of the world’s
food, including as much as 90 percent of the food
grown in Africa and 41 percent of the food grains
grown in India.

The FAO estimates that by adopting more-
sustainable approaches, small-scale agriculture
in developing countries has the potential to
contribute 70 percent of agriculture’s technical
mitigation of climate change. But even large-scale
industrial agriculture can learn crucial lessons
from these practices. Many of these innovations
have the potential to be replicated, adapted, and
scaled up for application on larger farms, helping
to improve water availability, increase diversity,
and improve soil quality, as well as mitigate cli-
mate change.

By tapping into the multitude of climate-
friendly farming practices that already exist,
agriculture can continue to supply food for the
world’s population, as well as provide a source
of livelihood for the 1.3 billion people who rely
on farming for income and sustenance. Climate-
friendly agriculture also can contribute to the
reduction of greenhouse gas emissions and the
mitigation of climate change. If agriculture is
to play a positive role in the global fight against
climate change, however, agricultural practices
that mitigate or adapt to a changing climate will
need to receive increased research, attention, and
investment in the coming years.




Introduction

ifteen or twenty years ago, it was easy for
pastoralists in Samburu, Kenya, to find
water for their Zebu cattle, a livestock
breed that has adapted over centuries to
the region’s hot temperatures and arid landscape.
But today things have changed. Water is increas-
ingly scarce, and in 2010 and 2011 severe drought
across eastern Africa killed thousands of ani-
mals, including 60 percent of herds in parts of
Kenya and Ethiopia.”* The drought also fueled or
intensified conflicts over grazing and water rights
between many of the region’s communities.

In Russia, meanwhile, wheat farmers expe-
rienced the worst drought in over a century in
2010: one-quarter of the country’s wheat crop
was lost, and forest fires raged across more than
a million hectares. At the height of the drought,
Russia’s then-President Dmitri Medvedev, who
previously had voiced skepticism about climate
change, urged, “What’s happening with the plan-
et’s climate right now needs to be a wake-up call
to all of us.”

Farmers in the United States, too, are recog-
nizing that they can no longer rely on historical
weather patterns and predictions. The Mid-
Atlantic and New England regions have histori-
cally been too far north to be seriously affected
by the Atlantic Ocean’s annual hurricane season.
But in August 2011, Hurricane Irene swept across
these regions, causing flooding from Virginia to
Vermont and leaving more than $7.3 billion in
damage.*” And in October 2012, Hurricane Sandy
caused widespread destruction along the U.S.
East Coast, with New York City particularly hard-
hit. Economists estimate that the storm caused
at least $50 billion in damage; however, losses
to agriculture may have been less severe because
most crops had already been harvested.*

In the summer of 2012, record heat and severe
drought struck the U.S. Midwest, wreaking havoc
on soybean and corn crops. As of August, due
mainly to drought, the U.S. Department of Agri-
culture had designated more than half of the
nation’s counties as disaster areas—the largest
area to fall under this drought classification in
more than 50 years.” The U.S. corn crop was pro-
jected to decrease by an estimated 50.4 million
tons, and the soybean crop by 2.6 million tons.®*
Meanwhile, the decline in yields caused prices
of staple crops to skyrocket: in June and July, as
the total U.S. cropland under severe or greater
drought increased from 17 to 60 percent, the dol-

* Endnotes are grouped by section and begin on page 33.

T All dollar amounts are expressed in U.S. dollars unless
indicated otherwise.

* Units of measure throughout this report are metric un-
less common usage dictates otherwise.

Luca Esposti
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lar value of crops in these areas increased accord-
ingly, from 16 to 53 percent.”

All of these events, from Kenya to Russia to
the United States, are a powerful reminder that
the world’s climate is changing. Higher tempera-
tures and unpredictable weather patterns are
already disrupting agricultural production in
many regions, and these challenges are expected
to grow only more pervasive in the future.

The Intergovernmental Panel on Climate
Change (IPCC) predicts that Earth’s average sur-
face air temperature could rise by 0.69 degrees
Celsius by 2030, 1.8 degrees by 2065, and as much
as 6.4 degrees by 2099.2 This warming, along

with other climate-related shifts, including rising
sea levels, drought, intensifying storm patterns
and flooding, as well as coral reef depletion and
ocean acidification, will make farming and fish-
ing in the 21st century even more unpredictable,
uncertain, and difficult. Extreme weather events
have always been a natural facet of life on Earth;
however, as the IPCC states, human-caused cli-
mate change is likely the reason behind increased
incidences of weather extremes such as drought,
monsoons, and strong winds or hurricanes.
Because agriculture relies on healthy soil,
adequate water, and a delicate balance of gases
such as carbon dioxide (CO,) and methane in

Table 1. Summary of the Environmental Impacts of Agriculture

Land Area Farming, livestock ranching, and related activities occupy 40-50 percent of
Earth’s surface.
Water Use Agriculture accounts for 70 percent of global freshwater use; roughly 31 percent

of this water goes to livestock.

Deforestation

Large-scale cattle ranching has been responsible for 65—-80 percent of the defor-
estation of the Amazon. Each year between 1990 and 2000, 3.1 million hect-
ares of forest worldwide were cleared, and between 2000 and 2010, 1.9 million
hectares per year were cleared. Cattle ranching enterprises now occupy nearly
75 percent of this deforested area. Clearing forests releases more CO, into the
atmosphere than does every car, truck, train, and bus in the world.

Greenhouse Gas
Emissions

Agriculture accounts for between 25 and 30 percent of human-caused green-
house emissions, depending on the analysis. Livestock alone directly contribute
an estimated 18 percent of total emissions, including some g percent of global
CO,, 35 percent of global methane, and 65 percent of nitrous oxide emissions.

Chemical Use

Large-scale monoculture systems fueled by heavy water, fossil fuel, pesticide, and
artificial fertilizer use often increase grain production at first. But production has
declined in recent years as soil and water resources are strained beyond sustain-
able limits. Water tables in Gujarat, India, have dropped six meters per year.
Chemical fertilizers have depleted the soil, making harvests more vulnerable to
shocks such as extreme weather events.

Methane

Ruminant livestock alone produce some 8o million tons of methane each year,
accounting for an estimated 28 percent of global methane emissions from
human-related activities. Methane is 72 times more powerful than CO, in its
ability to trap heat in the atmosphere over a 20-year period.

Source: See Endnote 11 for this section.
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the atmosphere, farming is the human endeavor
most vulnerable to the effects of climate change.
At the same time, agriculture is a major driver of
human-caused climate change, contributing any-
where from 25 to 30 percent of global greenhouse
gas emissions, depending on the analysis.” This is
due in part to agriculture’s sheer scope: accord-
ing to the IPCC, agricultural lands* occupy 40 to
50 percent of Earth’s land surface.'® Agriculture
also accounts for 70 percent of human freshwater
use, contributing to its significant environmental
impact.! (See Table 1.)

But agriculture also holds an important key to
mitigating climate change. The United Nations
Food and Agriculture Organization (FAO) esti-
mates that, through a variety of approaches,
agriculture could potentially reduce or remove 80
to 88 percent of the CO, it currently produces.'
Practices such as using animal manure rather
than artificial fertilizer, planting trees on farms
to reduce soil erosion, and growing food in cities
all hold huge potential for reducing agriculture’s
environmental footprint and mitigating the dam-
aging effects of climate change.

At the same time, agriculture can be sophis-
ticated and varied enough to adapt to the effects
of climate change. By tapping into the multitude
of climate-friendly farming practices that already
exist—such as planting indigenous and tradi-
tional crop varieties, using water-saving irriga-
tion pumps, and growing cover crops on unused

* Defined as lands used for agricultural production, such
as cropland, managed grassland, and permanent crops
including agroforestry and bio-energy crops.

land—agriculture can continue to supply food
for the world’s population, as well as provide a
source of livelihood for the estimated 1.3 bil-
lion people worldwide who rely on farming for
income and sustenance. "

These climate-smart practices represent a
major departure from the modern and main-
stream farming practices that, since the second
half of the 20th century, have come to be known
collectively as industrial agriculture. Industrial
agriculture, which often depends on the heavy
use of chemicals and on a small number of highly
productive crops, has boosted yields over the
past half-century. But these increased yields have
come at a high cost. Modern agricultural prac-
tices have depleted soil and water resources and
used huge amounts of energy, greatly enlarg-
ing agriculture’s global carbon footprint."* And
industrial agriculture’s focus on monocultures, or
growing a single crop instead of many, has meant
that thousands of nutritious and hardy species of
crops (and livestock) have become very rare or
even extinct.

Anna Lappé, environmental activist and co-
founder of the Small Planet Fund, suggests that,
“if we are to continue to feed the planet—and
feed it well—in the face of global climate chaos,
we should be radically rethinking the industrial
food system.”" Fortunately, a broad range of rela-
tively simple yet effective innovations for trans-
forming agriculture already exist.




Patty P

Agriculture’s Contributions
to Climate Change

o understand agriculture’s potential

to both mitigate and adapt to climate

change, it is important to first under-

stand how agriculture and food pro-
duction affect the global climate.

When large quantities of greenhouse gases
such as co,, methane, and nitrous oxide are
released into Earth’s atmosphere, they can trap
solar radiation, raising global and regional
temperatures and altering entire climate sys-
tems. The effects of these changes can be felt in
a variety of ways—for example, as prolonged
droughts, shifting rainfall patterns, and deadly
heat waves. The weather anomalies seen around
the world in recent years are just some examples
of the disruption caused by Earth’s changing
climate.

The IPCG, in its most recent assessment
published in 2007, concluded that global
greenhouse gas emissions increased 24 per-

Soybean planting in Santa Rita, Paraguay.

cent between 1990 and 2004, and 70 percent
between 1970 and 2004.' Not only has this dra-
matic increase in emissions resulted in rising
global temperatures, but it has occurred during
a period of rapid growth in global population,
in world food production, and in the total land
area used for cultivation and irrigation—high-
lighting the many interconnections between
agriculture and climate change.’

According to scientists, the two main contrib-
utors to rising CO, concentrations in the atmo-
sphere are the burning of fossil fuels such as coal,
oil, and natural gas, and dramatic changes in land
use, such as the clearing of forests to raise cattle
and grow crops.® Between 2000 and 2005, 3.1
million hectares of forest were cleared annually
worldwide, and pasture for beef cattle now occu-
pies 75 percent of this deforested area.* Because
trees are natural carbon sinks, clearing forests
releases more CO, into the atmosphere than does
every car, truck, train, and bus in the world.® To
address these and other effects of deforestation,
many countries are trying to stem their forest loss
with help from the international community.®
(See Sidebar 1.)

After deforestation, most of the remaining
greenhouse gas emissions from agriculture result
from energy-intensive and resource-depleting
farming practices, such as applying artificial fer-
tilizers and raising livestock industrially.”

Nitrogen-based chemical fertilizers require
large amounts of energy to manufacture and dis-
tribute. In 2007, the production and application
of fossil fuel-based nitrogen fertilizers released
an estimated 750-1,080 million tons of CO -
equivalent emissions, or roughly 1-2 percent of
global greenhouse gas emissions.® In addition to
contributing to climate change, prolonged use of
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Sidebar 1. Agriculture, Land Use, and Climate Change: The Case of Paraguay

Around the world, the rising demand for agricultural products is contributing to dramatic changes in
land use, and ultimately to a changing global climate. Paraguay, a landlocked country nestled in the
heart of South America, is a primary example of the interconnections between agriculture, land use,

and climate change.

Between 1990 and 2010, Paraguay lost 16.9 percent of its forest cover, or around 3.6 million
hectares, as a result of clearing. In eastern Paraguay, forest cover was reduced from some 55 percent
of the region’s surface area in the 1940s to an estimated 8-18 percent in the 2000s, a loss of more
than 5.9 million hectares. The conservation group WWF reports that only 13 percent of the country’s
original forest now remains, mostly in a highly fragmented and degraded state.

The primary driver of this loss is the conversion of land to agriculture, mainly for soybean produc-
tion. Between 1990 and 2010, Paraguay’s soybean production rose 315 percent, from 1.79 million tons
to 7.46 million tons. The area of soybean harvested grew accordingly, by 308 percent, indicating that
Paraguay’s expansion in production was not due to improved agricultural productivity, but to sheer

expansion in the area under cultivation.

The negative impacts of deforestation are wide ranging, from effects on indigenous populations
to the loss of biological diversity. But deforestation has important implications for Earth’s climate as
well. Vast areas of forest, such as those in South America, serve as critical carbon sinks, absorbing
CO, and preventing it from being released into the atmosphere. Removing these extensive tracts of
vegetation can result in greatly increased greenhouse gas emissions.

To address this problem, the United Nations program on “Reducing Emissions from Deforesta-
tion and Forest Degradation” (UN-REDD) is working with Paraguay and 41 other countries to imple-
ment national forest-conservation policies. These range from imposing moratoria on new forest-
clearing or logging concessions, to developing a financing mechanism that rewards businesses or

communities for conserving forest cover.

In 2004, Paraguay signed a Forest Conversion Moratorium, known as the Zero Deforestation Law,
which stipulates that landowners with forest on their property must retain 25 percent of their forest
land, and that 100 meters on either side of waterways must be left forested to protect watersheds and
reduce pollution and erosion. The law is set to expire in December 2013, and UN-REDD, along with
organizations such as WWF, is working to develop a national program to ensure that deforestation

rates do not return to their pre-2004 levels.

Unfortunately, the financial temptations to clear forests are strong, especially when the alterna-
tive to forest protection is growing lucrative agricultural commodities, such as soybeans. It will take
intense collaboration among multilateral organizations, national governments, agribusinesses, and
local communities to develop a sustainable land use system that encourages economic development
while halting environmental degradation—not just in Paraguay, but around the world.

Source: See Endnote 6 for this section.

chemical fertilizers has reduced levels of ben-
eficial micro-organisms in soils, degrading the
integrity of soils and making them more vulner-
able to extreme weather events.’ (See Sidebar 2.)
Livestock are another major contributor
to climate change, not just indirectly through
the forest clearing that occurs to create land to
raise them, but also as a result of the gases they
produce within their guts. Ruminant livestock,
including cows, sheep, and goats, alone produce
some 80 million tons of methane each year, or a

full 28 percent of human-caused global methane
emissions, according to the U.S. Environmental
Protection Agency.'® Methane is an estimated
72 times more powerful than CO, in its ability
to trap heat in the atmosphere over a 20-year
period." As worldwide demand for meat con-
tinues to rise, the contributions of livestock
to the global climate and other environmental
challenges will only intensify."? (See Sidebar 3.)
In total, agriculture contributes an estimated
25 to 30 percent of the greenhouse gas emissions
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Sidebar 2. Soil Infertility in Africa and the Lure of Artificial Fertilizers

In his travels throughout sub-Saharan Africa, agroecologist Roland Bunch heard the same complaint
in nearly every community he visited: infertile soils were keeping farmers from being able to grow
enough food. “Our soils are tired out,” said one Malawian farmer. “And it's getting worse every year.”
Another farmer agreed: “Last year, | harvested 35 bags of maize. But this year, | only harvested 27,
even though it rained well.” A third concluded, “Our soil has become so hard that even when it rains,
the water just runs off.” Villagers across the region were unanimous and adamant that the drop in
fertility in their soils was one of the worst threats to long-term survival they had ever faced.

This same story has been told repeatedly across Africa in recent years. As the continent suffers
from widespread soil infertility, the yields of many small-scale farmers—who account for the vast ma-
jority of the continent’s farmers—have been shrinking, and new, un-fatigued cropland is in increas-
ingly short supply. Some 265 million people in sub-Saharan Africa are already chronically hungry, and
with the region’s population growing by 2.5 percent per year, African soils will have to meet the rising
need for food. As the continent’s climate continues to change, already-weak soils will suffer, and the
food system will face increasing stress.

To help African countries cope with soil infertility, the Consultative Group on International Agricul-
tural Research (CGIAR) recommends that the international community subsidize chemical fertilizers,
following the model of industrialized farming that has largely taken hold in the developed world.
Malawi, for example, is already subsidizing fertilizer for poor farmers by up to 75 percent. But the
fertilizer solution is a temporary one, and it ignores the root cause of the problem: lack of organic
matter in the soil.

Africa cannot afford to repeat the failures of the Green Revolution. Lauded as a great success by
the international community, this adoption of large-scale monoculture systems during the latter half
of the 20th century, fueled by heavy inputs of water, fossil fuels, pesticides, and fertilizers, increased
grain production exponentially. In northern India, chemical inputs helped boost grain production by
125 percent between 1960 and 1980.

Since then, however, food production in parts of India and elsewhere has suffered as soil and
water resources are stretched beyond sustainable limits. In the state of Gujarat, water tables have
dropped by as much as six meters per year. Prolonged use of chemical fertilizers has reduced benefi-
cial micro-organisms in soils, degrading soil integrity and making it more vulnerable to shocks such
as extreme weather events.

Moreover, nitrogen fertilizers require large amounts of energy to manufacture and distribute, and
as nitrogen leaches from soil into waterways and into the atmosphere, it contributes significantly to
greenhouse gas emissions in the Earth’s atmosphere. With global trends pointing to increasingly
higher energy prices, dependence on synthetic fertilizer is unsustainable financially as well as eco-
logically. Once fertilizer subsidies stop, poor farmers will be left with soils that lack the long-term
resilience they will need to continue being productive.

Source: See Endnote 9 for this section.

from human activity, through activities such as gation, the burning of biomass, and the process-
deforestation, the production and application of ing and transport of agricultural products.”
artificial fertilizer and other agro-chemicals, irri-
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Sidebar 3. Meat and Climate Change

As the global population increases, rising meat consumption among the world’s growing middle class
is putting pressure on the global livestock sector. In low-income, food-deficit countries—which include
Benin, Haiti, India, Irag, and others—meat production increased more than 450 percent between 1980
and 2010, to 114 million tons. The global demand for meat is expected to rise more than 5o percent by
2030, with significant consequences for both livestock production and the global climate.

Worldwide, an estimated 8o percent of soybean production and 40 percent of corn production
goes to feeding animals. The rapid growth of concentrated animal feeding operations, or CAFOs, is
accelerating this trend in feed production. These industrialized agriculture systems, which source at
least 9o percent of their feed externally, now account for 72 percent of poultry production, 43 percent
of egg production, and 55 percent of pork production worldwide.

Due in part to CAFOs’ high demand for livestock feed (predominantly soybeans and corn), the
livestock sector is the world’s largest consumer of Earth’s land resources. Livestock grazing occupies
26 percent of the planet’s ice-free land surface, and the production of livestock feed uses 33 percent
of all agricultural cropland.

Livestock also contribute, both directly and indirectly, to climate change: directly because of enteric
fermentation, a digestive process that emits large amounts of methane, and indirectly because of the
3.1 million hectares of forest cleared each year (75 percent of which becomes pasture for beef cattle).
As a result of these direct and indirect forces combined, farm animals contribute anywhere between
18 and 51 percent of the world’s greenhouse gas emissions.

But keeping livestock doesn’t have to be destructive for people or the planet. Globally, the live-
stock sector generates 40 percent of the gross agricultural product and employs 1.3 billion people.
Livestock can act as “living banks,” providing farmers and livestock keepers with insurance for loans,
investments for the future, or quick cash in times of emergency. Livestock raised in a sustainable
production system can contribute to gender equality and opportunities for women, improve the
structure and fertility of the soil, provide draught power, and control insects and weeds. Manure from
livestock can be used for cooking and heating fuel for the estimated 1.3 billion poor or rural families
who lack access to electricity.

Although consumers can easily help mitigate greenhouse gas emissions by lowering their meat
consumption or sourcing their meat from environmentally sustainable producers, such a cultural
change would benefit from greater political support. Policymakers need to find ways to encourage
production of meat and other animal products in environmentally and socially sustainable ways.

This can be done by establishing stricter regulations, such as waste management and zoning laws
for CAFOs; by giving pastoralists land titles for their traditional grazing sites; by helping farmers gain
access to critical financial services, including credit, insurance, and broader markets; and by funding
research and education on the benefits of raising indigenous livestock breeds that are better adapted
to harsh climates and lack of water.

Source: See Endnote 12 for this section.
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Climate Change’s Impacts
on Agriculture

lobally, 2010 was one of the hot-

test years on record—tying with

1998 and 2005—and Arctic sea-ice

cover was the lowest ever recorded.’
The summer of 2012 was the third-hottest on
record in the United States, and 2012 overall has
the potential to break multiple world records in
heat, Arctic sea-ice melt, and low precipitation.?
From severe drought to unseasonal flooding, the
weather anomalies and other predicted effects of
climate change are already taking place in many
parts of the world—and some of the biggest
impacts have been on agriculture.’ (See Table 2.)

After struggling through a decade of severe
drought in Australia, which culminated in a
record-breaking heat wave in 2009, farmers
finally saw their chance to return to normalcy
and salvage their businesses in 2010, when the
rains returned. “After 10 years of not being able
to turn a living, this was going to be the crop—all
their problems were going to be solved,” Aus-
tralian journalist Richard Glover observed in an
interview with National Public Radio in Janu-
ary 2011. “And then it kept on raining.”* Eventu-
ally, the rain caused severe flooding, covering an
area twice the size of France and dashing farmers’
hopes of a good harvest—leading to a tragic and
unprecedented increase in the number of suicides
among Australian farmers. Climate scientists
predict that extreme weather patterns in Austra-
lia will be increasingly severe and frequent in the
coming decades.’
Farther north, Russia’s 2010 summer season

was the hottest ever recorded and the driest in
40 years. This unusual weather triggered hun-
dreds of wildfires. The dry conditions damaged
an estimated third of the country’s wheat harvest,
sending shock waves through the global food sys-

tem and leading to high grain prices.® Around the
same period, heavy monsoon rains brought the
worst flooding ever recorded in Pakistan, destroy-
ing 2.4 million hectares of cultivated land and
killing 450,000 livestock animals.” Meteorologists
have suggested that extreme weather patterns in
the two countries were linked through stationary
patterns in the jet stream, an atmospheric current
that heavily influences weather in Europe and
Asia. Scientists suspect that higher overall global
temperatures may be responsible for this lack of
motion in the jet stream.?

The Amazon River basin also experienced
severe drought during the second half of 2010,
and the Rio Negro, a major tributary to the Ama-
zon, fell to its lowest level ever recorded, affecting
the yields of both farmers and fishermen.’ The
IPCC warns that the Amazon rain forest could
shrink significantly in area as increasing regional
temperatures and reduced rainfall trigger a shift
in local ecosystems from tropical to savannah.'

Declining Productivity

But it isn’t just one-off extreme weather events
that put agriculture at risk. “The 2010 data con-
firm the Earth’s significant long-term warming
trend,” said Michel Jarraud, Secretary-General of
the World Meteorological Organization, in a Janu-
ary 2011 press release. “The ten warmest years on
record have all occurred since 1998.”!! The increase
in average global temperatures—along with other
“slow-onset” impacts of climate change, such as
sea-level rise—are expected to bring deep hard-
ships to the food system between 2050 and 2100."
Scientists had long predicted that, at least
for the first few decades, the effects of climate
change on global agricultural production would
be positive. It was believed that the increased
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Table 2. Destructive Weather Anomalies, Selected Examples, 2008—12

Estimated Damage

Year Country or Region ~ Weather Anomaly (U.S. dollars)
2008 U.S. Midwest An unseasonal deluge floods huge areas of farmland, dispropor- $15 billion
tionately affecting farmers whose soil was more heavily depleted.
2009 Australia A decade of severe drought culminates in a record-breaking heat Lowest agricultural
wave that fuels devastating brushfires in Queensland. income since 1995
2010 Russia Severe drought leads to the loss of one-quarter of the country’s $1.4 billion
wheat crop, and forest fires rage across over 1 million hectares.
2010 Pakistan Heavy monsoon rains bring the country’s worst flooding ever $2.9 billion
recorded, destroying 2.4 million hectares of cultivated land
and killing 450,000 livestock animals.
2010 Amazon River Severe drought leads the Rio Negro, a major tributary to the Unaccounted for
Basin Amazon River, to drop to its lowest level ever recorded.
2010-11 Kenya and Severe drought kills thousands of farm animals and fuels $2.5 billion
Ethiopia conflicts over grazing and water rights. requested in aid
201 U.S. Mid-Atlantic/ Hurricane Irene sweeps across regions that are usually unaf- $7.4 billion
New England fected by hurricanes, causing unprecedented crop damage when
rivers overflow their banks.
2012 U.S. Midwest Severe drought wreaks havoc on soybean and corn crops. At the As yet unknown
end of July, the U.S. Drought Monitor shows 88 percent of corn
and 87 percent of soybean crops are in drought-stricken regions
and 64 percent of the continental United States is under moder-
ate to extreme drought—the largest area in over 50 years.
2012 U.S. East Coast Hurricane Sandy causes unprecedented flooding, damage, and Estimated at more

loss of life in New York, New Jersey, and other regions. Because
most crops had already been harvested, however, the impact on
agriculture is less severe.

Source: See Endnote 3 for this section.

than $50 billion

CO, levels would act as a powerful plant fertil-
izer and actually boost crop yields, not reduce
them." But many climate scientists are now

revising this prediction.

In 2011, a group of scientists from the Univer-
sity of Illinois published a 10-year study of the
productivity of the world’s four largest commodity
crops—soybeans, rice, maize, and wheat—under

conditions that mimicked the predicted effects of
climate change, including higher average tempera-
tures, increased incidence of drought and heat
waves, and rising concentrations of CO, in the
atmosphere.' They found that maize production
declined by 3.8 percent and wheat production by
5.5 percent, compared to a scenario in which no
climate changes occurred." For soybeans and rice,
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there was no significant drop in productivity, but
there was also no bump in productivity result-
ing from CO,’s fertilizing effect, counter to what
mainstream science had predicted.'®

A related study on maize crops reveals that
under otherwise normal conditions, every day
that the temperature remains above 30°C reduces
yields by at least 1 percent.'” With each degree
above that threshold, yields are stunted exponen-
tially, and drought compounds the stunting even
further.'® The research predicts that a one-degree
rise in average global temperature will reduce
yields across two-thirds of the maize-growing
areas of Africa."”

Already, shifting rain patterns are disrupting
agricultural production in many regions, including
many of the world’s poorest communities that rely
exclusively on rainfed (as opposed to irrigated)
agriculture. The IPCC predicts that in southern
Africa, yields from rainfed agriculture could be
reduced by half between 2000 and 2020, and that
in sub-Saharan Africa, the area of arid and semi-
arid land could grow by 60-90 million hectares by
around 2080.%° Rainfed agriculture currently gen-
erates 60—70 percent of the world’s staple food and
is practiced on 80 percent of all agricultural land.?!

‘\

Young farmer with a drought-ravaged crop in Ethiopia.
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When projections of reduced yields are
considered alongside predictions of massive
increases in both the human population and
food consumption over the coming decades (by
2050, the global population is projected to reach
9 billion and annual cereal demand will rise to

about 3 billion tons), it becomes clear that agri-
culture in its present form will struggle to con-

tinue to feed the world while under the stresses
of climate change.?

Threats to Food Security

The coming climatic changes, both sudden

and gradual, will have serious and far-reaching
impacts on human health and development,
beginning with declines in both food security
and overall self-sufficiency in many communities.
According to the United Nations Development
Programme, 600 million additional people could
be at risk of hunger by 2080 as a direct result of
climate change.”

As the melting of polar ice caps and other
land-based ice contributes to sea-level rise, human
habitation (not to mention stable food produc-
tion and income generation) on many low-lying
islands, including the Maldive Islands in the
Indian Ocean and the Carteret Islands of Papua
New Guinea, soon might become impossible.**
As island residents are forced to relocate, they will
join the estimated 200 million “climate refugees”
that the International Organization for Migra-
tion projects worldwide by 2050.% In addition
to the socio-economic impacts of uprooting and
disbanding entire communities, climate-caused
relocation will increase the threats of population
pressure, violent territorial clashes, and overex-
ploitation of land elsewhere.

Sea-level rise is also causing the saliniza-
tion of groundwater in some coastal areas. In
Bangladesh, saltwater intrusion is making some
aquifers and other groundwater sources unus-
able for irrigation because the salt water dries
and destroys crops.?

Warmer temperatures may also facilitate
expansion of the habitat range of certain crop
pests and diseases, such as corn root worm and
brown rust, as well as wind-borne livestock dis-
eases, such as bluetongue and Rift Valley fever.”
In addition, increases in daily temperatures and
temperature variation could raise the frequency of
food poisoning, further threatening public health
and social stability.® According to the IPCC,
warmer seas may lead to increased cases of shell-
fish and reef-fish poisoning, as well as increased
diarrheal disease in both adults and children.”
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The UN Division for Sustainable Develop-
ment reports that the acidification of oceans,

a result of rising concentrations of CO, in the
atmosphere, is destroying coral reefs that serve
as important feeding and breeding grounds for
many marine species, contributing to a decline
in fish stocks. Fish are an essential source of
nutrition for 3 billion people and provide at
least 50 percent of animal protein and miner-
als to 400 million people in the world’s poorest
countries.”

Supplying the world’s rapidly growing human
population with enough food is essential if we
wish to avoid widespread social turmoil, to say
nothing of starvation and malnutrition. The close
link between climate variation, food security, and
social stability was painfully demonstrated when
the food-price spikes of 2007-08 plunged an
additional 150 million people into food insecurity
and an additional 50 million into poverty.*! The
dramatic price increases resulted in food-related
riots in more than 40 countries.”> Major riots that
resulted in social unrest and in some cases deaths
took place in countries such as Burkina Faso,
Cameroon, Indonesia, and Yemen.*?

Although climatic patterns were not the only
reason for the price spikes, droughts in grain-
producing nations caused widespread crop fail-
ures that exacerbated global food shortages. In
general, the urban poor spend 60-80 percent of
their income on food and earn just $1-2 dollars
per day; when food commodity prices rose by
an average of 70 percent in dollar terms between
September 2006 and February 2008, these popu-
lations had no safety net or emergency fund by
which to feed themselves.**

In the past, food shortages in urban areas
have helped to trigger bloody revolutions, such
as in Paris in 1789, several European societ-
ies in 1848, and Russia in 1917. The food riots
of 2008 were no exception; nor were the 2011
Arab Spring revolts. After the food-price spikes
in 2007 and 2008, and the financial crisis in 2008
that halted investments in many Persian Gulf
countries, residents of these countries experi-
enced a huge loss in their food purchasing power
and found little economic relief from their gov-
ernments, helping to catalyze national uprisings
throughout the region.*

Sidebar 4. Women and Climate Change

Making up the majority of the world’s food producers, women are
disproportionately affected by the impacts of climate change on
agriculture. Women represent 50 percent of food producers in Asia
and 8o percent in Africa. With so many women relying on the state
of their crops to feed and nourish their families—as well as provide
their economic livelihood—the increased risk of natural disaster,
altered harvest seasons, and dwindling biodiversity severely affects
women in developing countries.

Climate change not only harms the environment and food produc-
tion, but also can be a roadblock to achieving gender equality and
sustainable development by limiting economic opportunities, de-
creasing time available for education, and shortening life expectancy.

According to the United Nations, 3 billion people around the world
rely on wood, coal, charcoal, or animal waste for cooking and heating
their homes. Some women and girls spend about 16 hours a day pro-
ducing food, doing household chores, and earning a livelihood. Due
to climate change, women and girls have to spend more time collect-
ing resources as they become scarce, contributing to deforestation
and desertification. In addition to firewood, with increased drought
caused by more extreme climatic conditions, women and girls have
to spend more time finding and gathering water. This extensive time
commitment jeopardizes the time available for women and girls to
attend school and engage in economic and social activities.

Cooking with wood stoves can have a lethal effect on women
and girls. Due to extended exposure to air pollution caused by wood
stoves, respiratory illnesses disproportionately affect women, causing
2 million deaths each year from consequential pneumonia. Inefficient
stoves also produce black carbon (a byproduct of charcoal, dung,
wood, and other biomass fuels) that contributes to climate change.
Providing women with renewable energy sources empowers them to
be educators for others in their communities, serves as action against
climate change, lifts a major burden on the time dedicated to collect-
ing resources, and, most importantly, reduces the risk of fatal illnesses.

Another burden of climate change is the increased severity of
disease in the developing world. Climate variability has increased
malaria epidemics and cholera in Africa, Asia, and Latin America.
The time dedicated to fulfilling the role of women as caretakers is of-
ten overlooked. When taking care of the ill, in addition to producing
food, gathering resources, and maintaining a livelihood, women have
even less time to make decisions about the most sustainable ways to
carry out their activities.

Despite their intimate relationship with the consequences of cli-
mate change, women'’s voices are lacking in discussion, negotiation,
and decision making on environmental and climate-based policy. Ac-
cording to the Center for Environment and Population, at past meet-
ings discussing the global environment, women led only 10 percent
of delegations. In 40 percent of delegations, the participants were
100-percent men.

—Katie Spoden
Source: See Endnote 36 for this section.
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Climate change will clearly have dramatic
impacts on the agricultural sector and on global

Youth rioters in Algiers protest high food prices and unemployment.
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food production, and its effects will be felt far
beyond agriculture. Because millions of the
world’s poorest people depend on farming for
a living, disruptions in agricultural systems will
most adversely affect those with the least capac-
ity to withstand additional hardship. Women,
who represent the majority of the world’s food
producers, are particularly vulnerable to the
impacts of climate change on agriculture.*
(See Sidebar 4.)

Any shocks to the global food supply will
have far-reaching effects and deeply exacerbate
poverty, hunger, and malnutrition, especially in
developing countries. For this reason, agricultural
techniques that can help food producers miti-
gate or adapt to climate change will enable farm-
ers (and consumers) to better survive in an era
of unpredictable weather patterns and a steadily
warming climate.

Innovations in Sustainable Agriculture

www.worldwatch.org
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Mitigating Climate Change
Through Sustainable
Agricultural Practices

griculture’s heavy contribution to global
greenhouse gas emissions means that
the sector holds major potential to
mitigate climate change in the com-
ing decades, through practices that minimize fos-
sil fuel use and retain more carbon in the soil and
plants. According to the FAO, agriculture has the
potential to sequester an estimated 5.5-6 billion
tons of CO, per year, or 80-88 percent of its cur-
rent emissions contribution.!

Given the significant impacts of livestock pro-
duction on both global emissions and environ-
mental health, consumers can play an important
role in mitigating climate change by lowering
their meat consumption and purchasing meat
from environmentally sustainable producers. But
climate change can be fought right on the farm
as well. Three important pathways to mitigating
climate change are: building soil health and fertil-
ity, practicing agroforestry, and growing crops in
urban areas.

Building Soil Fertility

Rather than importing expensive, energy-inten-
sive, and often toxic artificial fertilizers and pes-
ticides, farmers can use fairly simple on-farm
techniques to improve soil health and fertility,
drastically reducing the total energy expended to
produce a crop or raise animals. These climate-
friendly techniques include rotating and diversi-
fying crops, planting indigenous crop varieties,
combining crop and livestock production, reduc-
ing soil tillage, using organic manure as fertilizer,
and growing cover crops. In addition to shrink-
ing the climate footprint of agriculture, many
of these practices enhance biodiversity, reduce
waste, and improve farmers’ yields and incomes.
In an unseasonal deluge that flooded huge

areas of the U.S. Midwest in 2008—causing $15
billion in damage to crops, livestock, and farm
infrastructure—Mark Shepard of New Forest
Farm in Kickapoo Valley, Wisconsin, says that
he escaped devastation and bankruptcy sim-

ply by taking care of his soil.? By planting a wide
range of crops and omitting chemical fertilizers,
Shepard explains, his farm’s soils were healthier,
could absorb more water, and were resilient to
erratic weather patterns.’

In the African Sahel, a semi-arid area that
stretches from Senegal’s Atlantic coast to the
Ethiopian highlands, drought persisted from the
late 1960s to the 1990s, causing large areas of
cropland to become desert. Many have argued
that population growth and expansion of agricul-
ture and other land uses was responsible for the
desertification. More recently, climate scientists
have pointed out that unusually warm surface
temperatures in the Indian Ocean caused drier
weather patterns in the Sahel, leaving climate
change to blame. In either case, a loss in vegeta-
tion has left much of the region’s soil so dry and
hard that it cannot retain what little rain falls.*

But some farming communities across the
Sahel have been reviving traditional practices
from this drought-prone region to reverse
desertification. In the densely populated Central
Plateau of Burkina Faso, farmers have been able
to repair degraded cropland by digging a grid of
small pits—known as zai—across hardened plots,
and then adding organic matter and moisture
to the bottom of the basin. The organic matter
helps the soil retain water, and it attracts termites.
Tunnels dug by the termites help water and
nutrients cycle further into the soil.

In Kenya, farmer Eddy Ouko has experi-
mented to create a powerful (and organic) soil
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Women in Niger rehabilitate degraded land by planting okra in zai pits.
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fertilizer. He found that combining a certain
flowering shrub, Tithonia diversifolia, with goat
manure boosts crop productivity without deplet-
ing his soil’s nutrients. “When I recently got
dairy goats, I decided to experiment on my own,
said Ouko. “I decided to mix Tithonia with goat
manure and make compost and then apply it to

my crops. I could not believe my eyes the very
»6

>

good harvest I got from my shamba [field]

Raising livestock on grass, instead of relying
on external feed and other inputs, is helping to
both replenish soil organic matter and seques-
ter carbon in farming regions ranging from arid
Africa to the eastern United States.” (See Side-
bar 5.) Instead of using fossil fuels to produce
and transport feed for livestock, grass farming
relies on the natural environment to nourish the
land, animals, and human consumers. It is also a
cheaper, more efficient way of farming, resulting
in higher profits and, in many cases, more-deli-
cious and nutritious food.

These—and other—methods to rebuild soil
health are relatively simple to implement, but
they can have a dramatic effect on farms’ resil-
ience to both long-term and immediate climate
and weather shocks.

>
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Agroforestry

Since 2002, on a 2,000-hectare plot of deforested
land in the Indonesian state of East Kalimantan
on the island of Borneo, an organization called
Borneo Orangutan Survival (BOS) has been

regenerating forest to create habitat for orang-
utans. By combining agriculture and forestry in a
practice known as agroforestry, the Samboja Les-
tari project has planted more than a million trees,
including 1,000 different species. This project has
not only established a safe haven for orangutans,
it has improved food security and incomes in

the local community, stabilized the local micro-
climate, increased the availability of water, and
helped establish a sustainable agricultural system
managed by local people.

Combining trees and other non-crop spe-
cies with crop production or animal husbandry
can be a very effective way to mitigate climate
change, while providing numerous benefits for
farmland and pasture. (See Figure 1.) Agricul-
ture is a significant driver of deforestation, but
reforestation and agroforestry can build resilience
on farms and reduce the need to destroy forests
for cropland. The planet has lost roughly 20-50
percent of its forest cover since pre-agricultural
times, and forests currently cover 31 percent of
the global land surface.® With as much as 40 per-
cent of terrestrial carbon stored in forest soils and
vegetation, maximizing this vegetation is vital for
mitigating climate change.’

When trees are incorporated into farms, the
entire surrounding ecosystem reaps the benefits.
Trees reduce wind and evaporation, helping to
retain topsoil and moisture. Roots of non-crop
vegetation help rain water filter into the ground,
replenishing aquifers and allowing crops to access
water even when it has not rained in days or,
depending on the crop’s root system, weeks. '
Vegetative strips in and around fields, as well as
larger adjacent natural areas, protect watersheds
and support beneficial wildlife; insects and birds
play a major role in pollination and pest control
on farms.

In agroforestry systems, trees produce fodder
for on-farm livestock, and the livestock’s manure
can be used as a powerful (and free) soil and
crop fertilizer. Farmers can harvest the fruit and
nuts from trees, as well as fuelwood, building
materials, and other non-food necessities from
non-crop vegetation. Meanwhile partial shade
from trees helps protect crops and livestock from
excessive exposure to sun and heat.! This last
benefit will become increasingly critical amid the
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prolonged heat waves credited to climate change,
such as the record-breaking heat waves in 2011
and 2012 that forced cattle ranchers to auction
off entire herds out of an inability to keep them
fed and watered."?

Natural ecosystems such as grasslands or
wetlands can provide numerous benefits to
farmers, even if they do not produce a crop with
a dollar value attached. Healthy ecosystems sur-
rounding farms can provide ecosystem services
including pollination, air and water purification,
and pest control—all of which foster resilience
to climate change."

Indigenous farmers in the Tapajés region of
the state of Para in Brazil have established a suc-
cessful mixed tree-crop zone on the periphery of
their intensely cultivated fields. They have revived
the traditional practice of growing rubber in the
forest using low-input, low-impact methods, sup-
plementing their incomes and further reducing
the need to expand their farms. Their farms are
bordered by protected forest areas, and they ben-
efit from the non-monetary ecosystem services
that the forest provides to their fields.

In Africa, hundreds of thousands of small-
holder farms in Burkina Faso, Malawi, Niger, and
Zambia have used agroforestry to dramatically
increase their food crop yields. “In the past, I used
to get about 10 bags of maize from my fields; now
I get at least 25 bags,” says Mary Sabuloni, whose
farm is about an hour’s drive southeast of Blan-
tyre in Malawi. “In the past, we often went hun-
gry, but now I can feed my family all year round.”
Dennis Garrity of the World Agroforestry Centre
in Nairobi, Kenya, has called this revitalization of
soils through agroforestry an “evergreen revo-
lution”—an “affordable and sustainable way to
increase smallholder food production.”™*

Agroforestry efforts in Niger have helped
regenerate 5 million hectares and store climate-
altering carbon in the soil, according to 14 scien-
tists writing in the January 2012 issue of Science.
The article claims that the practice “has benefited
more than 1.25 million households, sequestered
carbon, and produced an extra 500,000 tons of
grain per year.”> And Chris Reij of African Re-
greening Initiatives writes that “trees have even
radically reduced conflict between herders and
farmers in the re-greened areas of Niger, as the

Sidebar 5. Farming Grass and Livestock

G