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Group on Public Health and Fossil Fuel Combustion,” argued that “A kangaroo court of junk scientists
predicts that 8 million people will die during 2000 to
2020 from particulate matter air pollution associated
with fossil fuel, unless the world limits GHG emissions
to levels advocated by European nations.”
In 2004, Milloy was among the public critics of
the Arctic Climate Impact Assessment. In 2008,
his Web site offered “The Ultimate Global Warming Challenge,” a half-million-dollar prize to the
first person to prove, “in a scientific manner, that
humans are causing harmful global warming.” Although Milloy is still an active writer, the last online references to the organization date from the
mid-2000’s and it appears to be inactive.
Cynthia A. Bily
See also: Cato Institute; Competitive Enterprise
Institute; Fraser Institute; Libertarianism; Pseudoscience and junk science; Skeptics.

Aerosols
Category: Chemistry and geochemistry
Aerosols are among the least well understood influences on
global climate, but anthropogenic aerosols, especially sulfate aerosols released by fossil fuel combustion, seem to exert
a cooling influence on the climate. This cooling effect, however, appears insufficient to counteract the warming caused
by GHGs.
Key concepts
cloud condensation nuclei: atmospheric particles such
as dust that can form the centers of water droplets, increasing cloud cover
Dust Veil Index: a numerical index that quantifies the
impact of a volcanic eruption’s release of dust and
aerosols
global dimming: the effect produced when clouds reflect the Sun’s rays back to space
stratosphere: part of the atmosphere just above the troposphere that can hold large amounts of aerosols
produced by volcanic eruptions for many months
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troposphere: location in the lower atmosphere where
the majority of aerosols form a thin haze before
being washed out of the air by rain
Background
Effects of aerosol pollutants such as volcanic dust
have been debated for a long time. A 1783 eruption of a volcanic fissure in Iceland seemed related
to an unusually cool summer in France that year.
In 1883, the volcanic dust from the explosion of
Krakatoa in the East Indies dimmed the sunlight
for months, as had the 1815 eruption of Tambora.
Some scientists perceived a pattern of temporary
cooling from such events. Others asked if pollutants should be expected to warm, rather than cool,
the atmosphere.
Aerosols are minute airborne solid or liquid particles suspended in the atmosphere, typically measuring between 0.01 and 10 microns. They may be
of either natural or anthropogenic origin. Natural aerosol sources include salt particles from sea
spray; clay particles from the weathering of rocks;
volcanically produced sulfur dioxide, which oxidizes to form sulfuric acid molecules; and desert dust.
Anthropogenic (human-produced) aerosol sources include industrial pollutants such as sulfates,
created by burning oil and coal; smoke from largescale burning of biomass, such as occurs in slashand-burn clearing of tropical forests; and pollution
from naval vessels’ smokestacks.
Normally, most aerosols rise to form a thin haze
in the troposphere; rain washes these out within
about a week’s time. Some aerosols, however, are
found in the higher stratosphere, where it does not
rain. They can remain in this atmospheric layer for
months. Aerosols may influence climate in several
ways: directly, through scattering and absorbing radiation, and indirectly, by acting as cloud condensation nuclei or by modifying the optical properties and lifetimes of clouds.
On windy days, bubbles created by breaking
waves toss salt into the air when they burst, forming
aerosols. Salt aerosols scatter sunlight, lessening the
amount of energy that reaches Earth’s surface and
cooling the climate. The interaction of sea salt with
clouds also causes cooling. The resulting whitening
of the Earth further reduces the amount of sunlight that can reach the ground. Oceans cover over
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70 percent of Earth’s surface,
and sea salt is a major source of
aerosols in areas far distant from
land.
Wind also helps form aerosols over land. Particles carried
by the wind push and bounce
over one another, abrading
the surfaces of rock and other
landforms. These particles wear
rocks down progressively over
time, converting their surfaces
into dust and other particles.
When these particles are incorporated into the air, they too
form aerosols.
Following major volcanic
eruptions, sulfur dioxide gas
vented during the eruptions
is converted into sulfuric acid
droplets. These droplets form
an aerosol layer in the stratoAerosols can both reflect and absorb solar radiation, making their role in
sphere. Winds in the stratothe greenhouse effect particularly complex. (NOAA)
sphere scatter the aerosols over
the entire globe, and they may
naturalist who in 1783 documented the eightremain in the atmosphere for about two years.
month-long Laki eruption in southern Iceland.
Since they reflect sunlight, these aerosols reduce
The eruption caused the grass to die: Three-quarthe amount of energy that reaches the troposphere
ters of the region’s livestock and one-quarter of its
and the Earth’s surface, resulting in cooling.
people starved to death. For months, a haze hovAnother significant natural aerosol is desert
ered over western Europe. When Benjamin Frankdust. “Veils” of dust stream off deserts in Asia and
lin was visiting in France in 1783, he experienced
Africa, and they have also been observed on the
an unseasonably cold summer and speculated that
American continent. These particles fall out of the
the Laki volcanic “fog” had noticeably dimmed the
atmosphere after a short flight, but intense dust
sunlight.
storms often blow them to altitudes of 4,500 meters
A century later, in 1883, the eruption of the Inor higher. Since the dust is made up of minerals,
donesian volcano Krakatoa (Krakatau) sent up a
the particles both absorb and scatter sunlight. Abveil of volcanic dust that reduced sunlight globally
sorption warms the layer of the atmosphere where
for months. Scientists were unable to determine
they are located, possibly inhibiting the formation
what effect the eruption might have had on the avof storm clouds and contributing to desertification.
erage global temperature, but scientists thereafter
acknowledged volcanoes as a possible natural influence on Earth’s climate.
Early Speculation About Aerosols
A few scientists who examined temperatures
Long before there was much interest in aerosols as
after major volcanic eruptions between 1880 and
a factor in climate change or any equipment capa1910 perceived a pattern of temporary cooling.
ble of adequately analyzing aerosol data, a few indiOnly later would older records reveal that the 1815
viduals speculated about a possible aerosol-climate
eruption of Tambora in Indonesia had affected
connection. The first man credited with reporting
the climate more severely than had the Krakatoa
his ideas was Mourgue de Mondtredon, a French
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eruption. Speculation led some to ask if volcanic
eruptions had precipitated ice ages or had cooled
the Earth to the extent that dinosaurs became
extinct.
Early Twentieth Century Aerosol Research
Throughout the first half of the twentieth century, it was known that volcanic aerosols could affect
climate. As a result, some scientists suspected that
other kinds of dust particles could have similar climatic effects. Physics theory seemed to support the
notion that these particles should scatter radiation
from the Sun back into space, thereby cooling the
Earth. These ideas remained largely speculative,
though some researchers began to focus on the
possibility that human activity might be a major
source of atmospheric particles.
In the 1950’s, nuclear bomb tests provided
improved data on aerosol behavior in the stratosphere. It was determined that stratospheric dust
would remain for some years, but would stay in one
hemisphere. Research in the early 1960’s indicated that large volcanic eruptions lowered average
annual temperatures. Some researchers, however,
deemed those results enigmatic, since temperatures had fallen during a period of few eruptions.
Meteorologists acknowledged that other small,
airborne particles could influence climate, but
throughout the first half of the century, speculation fell short of conclusion.
Gradually, scientists shifted their focus to anthropogenic atmospheric particles. Measurements
by ships between 1913 and 1929 noted that sea
air showed an extended decrease in conductivity,
apparently caused by stack smoke and gases from
ships and possibly from industry on land. Even in
1953, however, scientists were uncertain about the
significance of the pollution.
During the 1950’s, some scientists asked whether aerosols might affect climate by helping form
clouds. Since cloud condensation nuclei are essential for providing a surface for water droplets
to condense around, the notion of seeding clouds
with silver iodide smoke to make rain was widespread. By this time, aerosol science was just coming into its own as an independent field of study,
having been given impetus by the concern that disease-carrying aerosols and poisonous gas could be
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lethal. Public concern over urban smog also fueled
studies by aerosol experts. By and large, however,
scientists avoided the study of cloud formation.
Field testing often produced contradictory results
and was extremely expensive, and many researchers believed that aerosols’ effects on clouds were
too complex to comprehend.
Aerosol Research in the Later Twentieth
Century
By the early 1960’s, the scientific community was
beginning to pay more attention to the possibility
that humans influenced clouds. One noted astrophysicist had long had an interest in aerosols after
seeing the effects of the Dust Bowl in the 1930’s.
He noticed changes in the skies over Boulder, Colorado, and pointed out jet airplane contrails, predicting correctly that they would spread, thin, and
become indistinguishable from cirrus clouds. The
apparent ability of aircraft to create cirrus clouds
revealed the possibility that they might be causing
climate changes along major air routes. Others
questioned the possibility of anthropogenic activity as the source of pollution settling on polar ice
caps. At the time, the theory did not receive much
credence.
Around 1970, the British meteorologist Hubert
Horace Lamb’s Dust Veil Index established a connection between dust and lower temperatures.
While scientific studies at this time did not yet find
strong evidence for an increase in global turbidity, they did document regional hazes that spread in
a radius of up to one thousand kilometers or more
from industrial centers. The scientific debate shifted from the existence of anthropogenic dust to the
effects of that dust. It remained a subject of controversy whether and under what circumstances dust
would cool or heat the climate, especially after a
spacecraft on Mars in 1971 found that a large dust
storm had caused substantial warming of the Martian atmosphere.
Deadly droughts in Africa and South Asia in
1973 caused public concern about climate change,
but it was not confirmed that sulfate pollution had
contributed to the Sahel drought until the end of
the century. Scientific publications in the mid- to
late 1970’s discussed warming or cooling effects
without reaching accord, although a majority felt
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that greenhouse warming would dominate. At this
time, only a few researchers noted that aerosol pollution might cancel out some greenhouse warming and thus temporarily mask its effects. Others
denied that industrial pollution could mitigate the
enhanced greenhouse effect caused by carbon dioxide (CO2) emissions.
The 1980’s brought the realization that additional factors contributed to climate and climate
change. For example, climate scientists generally
treated aerosols as a globally uniform background,
largely of natural origin, when in fact different
aerosol properties obtained in different regions
based on relative humidity. Many questions
remained.
By 1990, it was acknowledged that from onefourth to one-half of all tropospheric aerosol particles were anthropogenic. These included industrial soot and sulfates, smoke from forest clearing
fires, and dust from overgrazed or semiarid land
turned to agriculture. Impressive advances in
laboratory instrumentation made possible much
more sophisticated satellite observations, greatly
increasing the resolution of climate models. The
key paper establishing the net effect of aerosols
on Earth’s heat balance was published in the early
1990’s; it concluded that radiation scattering due
to anthropogenic sulfate emissions was counterbalancing CO2-related greenhouse warming in the
Northern Hemisphere.
It became apparent that earlier climate projections might be erroneous, because they had not
factored in sulfate aerosol increases. Climatologists redoubled their efforts to produce accurate
models and projections of Earth’s climate. In 1995,
for the first time, new results that took into account aerosol influence yielded a consistent and
plausible picture of twentieth century climate. According to this picture, industrial pollution had
temporarily depressed Northern Hemisphere temperatures around the mid-century. A 2008 study
found that black carbon aerosols had exerted a
much greater warming effect than had been earlier
estimated, because the combined effects of black
carbon with sulfate aerosols had not been taken
into account. It seemed clear that reducing sooty
emissions would both delay global warming and
benefit public health.
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Context
A number of aerosol specialists have questioned
whether they have underestimated the cooling
effect of aerosols. If they had, they would have
underestimated those aerosols’ restraint of greenhouse warming, significantly underestimating the
extent of global warming in the absence of anthropogenic aerosol pollution. Much uncertainty
remains, and each new study introduces new complexities. It seems clear that reducing sooty emissions would both delay global warming and benefit public health, yet nagging questions remain:
Since aerosol and clouds, unlike gases, are not
distributed evenly throughout the atmosphere,
uniform samples cannot be obtained. Further, the
properties of clouds and aerosols are incompletely understood, and scientists are only beginning
to understand some of the interactions that take
place between aerosols, clouds, and climate. Thus,
these interactions have not yet been incorporated
into their models.
Victoria Price
Further Reading
Booth, Ben B. B., Nick J. Dunstone, Paul R. Halloran, Timothy Andrews and Nicolas Bellouin,
Aerosols implicated as a prime driver of twentieth-century North Atlantic climate variability; Nature, vol.
484, p. 228–232, (12 April 2012) As the title implies, computer modeling of the effects of aerosols improves the fit between computer models
and actual climatic data over the North Atlantic.
Levin, Z., and William R. Cotton, eds. Aerosol Pollution Impact on Precipitation: A Scientific Review.
New York: Springer, 2009. Discusses the principles of cloud and precipitation formation, the
sources and nature of atmospheric aerosols and
their distribution, techniques for measuring
aerosols, effects of pollution and biomass aerosols on clouds and precipitation, and parallels
and contrasts between deliberate cloud seeding
and aerosol pollution effects.
Massel, Stanislaw R. Ocean Waves Breaking and Marine
Aerosol Fluxes. Sapot, Poland: Institute of Oceanology of the Polish Academy of Sciences, 2007.
Addresses the basic processes and mechanics of
steep and breaking waves, experimental insights
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into wave-breaking mechanisms, wave-breaking
criteria, and various aspects of marine aerosols
and marine aerosol fluxes, especially in the Baltic Sea.
Spury, Kvetoslav R., ed. Aerosol Chemical Processes
in the Environment. New York: Lewis, 2000. Five
sections treat general aspects of aerosols, laboratory studies of aerosols, the synthetic chemistry
of aerosols, aerosol deposits on buildings, and
aerosols in the atmosphere.
See also: Atmospheric chemistry; Atmospheric
dynamics; Carbonaceous aerosols; Chemical industry; Clouds and cloud feedback; Ozone; Stratosphere; Sulfate aerosols.

Agassiz, Louis

Swiss-born, American naturalist, paleontologist,
geologist, and glaciologist
Born: May 28, 1807; Môtier-en-Vuly, Switzerland
Died: December 14, 1873; Cambridge,
Massachusetts
Agassiz was the originator of the concept of the “Great Ice
Age,” an idea of fundamental importance to understanding the phenomenon of cyclical change in Earth’s climate.
Life
Louis Agassiz was born and raised in French Switzerland, descended on his father’s side from six generations of Protestant clergy. Breaking from the family
tradition of a career in the ministry, he studied the
sciences, receiving a doctorate in philosophy from
the University of Erlangen, Bavaria, in 1829 and a
doctorate in medicine from the University of Munich, Bavaria, in 1830. Journeying to Paris, he came
to know and be admired by two of the leading scientists of the time, Georges Cuvier and Alexander von
Humboldt. The latter obtained an appointment for
Agassiz in 1832 as instructor in the natural sciences
at the newly founded Academy of Neuchâtel (now
the University of Neuchâtel) in Switzerland.
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Visiting the United States in 1846, Agassiz
turned the focus of his research to North America.
The following year, Harvard University appointed
him professor of zoology and geology. During his
tenure at Harvard, Agassiz became the father of
science education in the United States, forming a
vanguard generation of professional scientists. He
was widely and popularly renowned as a lecturer
and writer, and he realized one of his focal ambitions with the founding in 1857 of the Museum of
Comparative Zoology at Harvard. In opposition to
Charles Darwin, he disputed the theory of evolution, believing species were complete as they had
been created in a divine plan. He married Cecile Braun (sister of the noted botanist, Alexander
Braun) in 1833; the couple had three children
together. Widowed in 1848, Agassiz married Elizabeth Cabot Cary two years later. Elizabeth later became the first president of Radcliffe College.
Climate Work
To understand the phenomenon of global warming, one must realize that the Earth is capable of
long-term, extreme changes of temperature and
climate. The first scientific understanding of such
change did not emerge until the nineteenth century. Agassiz was among a small group of natural
scientists who first postulated that there had been
some period in the Earth’s history when the environment had been so cold that it sustained a vast
sheet of ice over much of the planet.
Agassiz arrived at this perception through an
indirect but steady course of research in various
fields. As a university student, he had received a
singular assignment. The renowned naturalist,
Carl Martius, who had recently returned from an
expedition in Brazil, gave Agassiz responsibility for
classifying a large collection of fish fossils gathered
during the trip. Agassiz completed this project and
published his findings, as well as another work
on fossil fish. He then advanced a new method for
zoological classification. In 1836, he received the
Wollaston Medal from the Geological Society of
London.
From his field research in Switzerland, Agassiz
became interested in glaciers and their influence
on molding ancient terrains. His observations led
him to be among the first to maintain that at one
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time, amid a series of catastrophes, vast sheets of
ice had covered much of the Earth. He thus proposed that there had been an “ice age.” In coming to this conclusion, Agassiz was extending and
refining emerging speculations about glaciers and
rock formation expressed by several contemporary
naturalists.
In the United States, Agassiz continued his formidable research and publishing projects, writing
a comparative study of the physical characteristics
of Lake Superior, followed by his monumental Contributions to the Natural History of the United States of
America (1857-1862, four volumes). He also wrote
a textbook that would be highly influential in the
formation of generations of American scientists,
Principles of Zoology, Part 1: Comparative Physiology
(1848). His teaching method emphasized students’ direct engagement with objects of scientific observation. The French Academy of Sciences
awarded him the Cuvier Prize in 1852. A culminating achievement of his career was an expedition
to Brazil and the Amazon about which he wrote,
with his second wife, in A Journey in Brazil (1868).

Louis Agassiz. (Library of Congress)
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Erroneously, he maintained that Brazil had once
been covered by ice, basing his conclusion on glaciation in other portions of the Americas, including
the Andes and Rocky Mountains and the drainage
basin of the Missouri, Mississippi, and Ohio rivers.
Agassiz was the intimate of a brilliant generation of
naturalists. He brought the knowledge and methodology of that group to the United States, forming the foundation of modern American science
and science education and crucially shaping the
development of environmental awareness.
Edward A. Riedinger
Further Reading
Agassiz, Elizabeth Cary. Louis Agassiz: His Life and
Correspondence in Two Volumes. 2 vols. 1885. Reprint. Bristol, Avon, England: Thoemmess Press,
2003. Biography and collection of letters published by Agassiz’s second wife. The combination
of primary and secondary materials is extremely
useful for understanding Agassiz’s personal and
professional life.
Bolles, Edmund Blair. The Ice Finders: How a Poet,
a Professor, and a Politician Discovered the Ice Age.
Washington, D.C.: Counterpoint, 1999. Interweaves the concurrent findings regarding an ice
age by Professor Agassiz; Charles Lyell, an Arctic
explorer with a poetic imagination; and Elisha
Kent Kane, a Scottish geologist who organized a
scientific political constituency.
Huxley, Robert. The Great Naturalists. London:
Thames & Hudson, 2007. Traces the development of natural history as reflected in the lives,
observations, and discoveries of some of the
world’s leading naturalists, including Aristotle,
Alexander von Humboldt, and Charles Darwin.
Places Agassiz among his fellow naturalists.
Irmscher, Christoph. Louis Agassiz: Creator of American Science. Houghton Mifflin Harcourt, 2013.
Describes Agassiz as the foremost popularizer
of science in America. Includes a discussion
of Agassiz’ views on race, which were common
at the time but unenlightened by modern
standards.
See also: Glacial Lake Agassiz; Glaciations; Glaciers; Ground ice; Ice shelves.
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Agenda 21
Category: Conferences and meetings
Date: Adopted June 14, 1992; reaffirmed
September 4, 2002
Agenda 21 is a comprehensive plan of action to address
global carbon emissions. It mandates cooperation at the
global, national, and local levels to reduce the emissions
of industrialized nations and to slow the rate of increase of
emissions in developing nations.
Background
From June 3 to June 14, 1992, the United Nations hosted the Conference on Environment
and Development, informally known as the Earth
Summit, in Rio de Janeiro, Brazil. Representatives of 172 nations participated, along with representatives of twenty-four hundred nongovernmental organizations (NGOs). The goal of the
conference was to find new ways for nations to
conserve natural resources and drastically reduce
pollution while still developing economically.
To achieve these goals, the world would need to
study and improve industrial production (paying
particular attention to the handling of toxics),
find alternative energy sources to reduce reliance
on carbon-emitting fossil fuels, encourage mass
transit, and protect increasingly scarce sources of
freshwater.
Five documents were produced at the 1992 Earth
Summit: the Rio Declaration on Environment and
Development, the Convention on Biological Diversity, an agreement on forest principles, the U.N.
Framework Convention on Climate Change, and
Agenda 21. Drafting of Agenda 21 had begun in
1989, and during the subsequent two years of negotiations several specific reduction targets and funding plans were deleted. The final draft was presented at the summit.
The 1992 Agenda 21 plan called for a five-year review of progress, which was conducted at a special
session of the United Nations General Assembly in
1997. In 2002, at the World Summit on Sustainable
Development held in Johannesburg, South Africa,
participants affirmed their commitment fully to
implement Agenda 21.
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Summary of Provisions
The nine-hundred-page Agenda 21 document is
divided into forty chapters in four major sections.
Section 1, “Social and Economic Dimensions,”
covers programs to reduce poverty and help guide
developing nations in building their economies
sustainably. Section 2, “Conservation and Management of Resources for Development,” addresses
atmospheric protection, deforestation, desertification, conservation of biological diversity, and other
issues. Section 3, “Strengthening the Role of Major
Groups,” describes programs undertaken by international NGOs, by women and children, by workers and unions, and by business and industry. The
fourth section, “Means of Implementation,” addresses financial resources, transfer of technology,
science, and international cooperation.
While some 98 percent of the nations on Earth
signed on to Agenda 21, it is not a legally binding
document but simply a plan for future action. The
1992 plan included programs in developing nations that were expected to cost billions of dollars

A Defining Moment in History
The opening paragraph of the Preamble to Agenda 21 presents an unusually stark statement of the
challenges facing humanity at the beginning of the
twenty-first century and the need for international
cooperation to meet those challenges.
Humanity stands at a defining moment in history. We are confronted with a perpetuation
of disparities between and within nations,
aworsening of poverty, hunger, ill health and
illiteracy, and the continuing deterioration of
the eco-systems on which we depend for our
well-being. However, integration of environment and development concerns and greater
attention to them will lead to the fulfilment
of basic needs, improved living standards for
all, better protected and managed ecosystems
and a safer, more prosperous future. No nation can achieve this on its own; but together
we can—in a global partnership for sustainable
development.
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annually, and industrialized nations agreed to contribute approximately $125 billion per year toward
those costs. The plan also created a new body of
the United Nations Economic and Social Council
(ECOSOC), the Commission on Sustainable Development, to oversee and coordinate activities that
further the goals of Agenda 21.
Significance for Climate Change
Most observers believe that the goals of Agenda 21
have not been achieved, nor has adequate progress
been made. One serious problem has been funding.
At the 1992 Earth Summit, nations made nonbinding agreements to contribute funding for specific
projects, including phasing out the use of chlorofluorocarbons (CFCs) and supporting the sustainable development efforts of underdeveloped nations. However, few countries have contributed the
amounts agreed to, in part because economic recessions in industrialized nations, including the United
States, have led these nations to shift their spending
commitments to protect their own short-term domestic stability. There has also been resistance to Agenda
21 from those who believe that it undermines state
sovereignty. Although the program was intended in
part to draw together an international community of
concerned citizens, few people, at least in the United
States, are aware that Agenda 21 exists.
Agenda 21 has been successful, however, in inspiring national, regional, and local actions. These
smaller programs, known as “Local Agenda 21”
or “LA-21” programs, have been adopted in Cambridge and Manchester in the United Kingdom;
Seattle, Washington; Chicago, Illinois; Whyalla,
Australia; and cities in Finland, the Netherlands,
Spain, and South Africa. Other national and state
governments have created legal requirements
or advisory bodies to address relevant parts of
Agenda 21.
Cynthia A. Bily
Further Reading
Dodds, Felix, ed. The Way Forward: Beyond Agenda
21. London: Earthscan, 1997. Collection of essays by experts in several disciplines, examining the successes and the remaining challenges
Agenda 21 poses internationally, nationally, and
at the grassroots level.
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Lafferty, William M., and Katarina Eckerberg. From
the Earth Summit to Local Agenda 21: working towards sustainable development. Vol. 12. Routledge,
2013. Collection of essays examining the progress toward implementing Agenda 21 in the European Union.
Picolotti, Romina, and Jorge Daniel Taillant. Linking Human Rights and the Environment. Tucson:
University of Arizona Press, 2003. Considers environmental degradation as a human rights issue affecting mostly poor and vulnerable people
and looks to Agenda 21 and other environmental policies and treaties as potential remedies for
ongoing abuses.
Robinson, Nicholas A. Strategies Toward Sustainable
Development: Implementing Agenda 21. Dobbs Ferry, N.Y.: Oxford University Press, 2005. Covers
all of the action plans generated by Agenda 21;
annotations and commentary.
Sitarz, Dan. Agenda 21: The Earth Summit Strategy to
Save Our Planet. Boulder, Colo.: EarthPress, 1993.
Sitarz, an environmental attorney, reworks the
language of the nine-hundred-page Agenda 21
agreement to make it readable by the general
public.
World Bank. Advancing Sustainable Development: The
World Bank and Agenda 21. Washington, D.C.:
Author, 1997. The official World Bank analysis
of the successes and shortfalls of Agenda 21 in
its first five years.
See also: Annex B of the Kyoto Protocol; Convention on Biological Diversity (CBD); Earth Summits; International agreements and cooperation;
Kyoto Protocol; United Nations Climate Change
Conference; United Nations Conference on Environment and Development; United Nations
Framework Convention on Climate Change.

Agriculture and the
Environment
Categories: Economics, industries, and products; Plants and vegetation
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Agriculture and the Environment
Modern, large-scale agriculture has led to increased GHG
emissions, primarily resulting from high energy inputs,
land clearing, soil degradation, and overgrazing by livestock. The massive conversion of forests into farms has reduced the land’s capacity to function as a carbon sink.
As a result, more GHGs are emitted into the atmosphere,
contributing to global warming and climate change.
Key concepts
carbon cycle: processes through which carbon atoms
circulate among Earth’s atmosphere, terrestrial
biosphere, oceans, and sediments—including fossil fuels
climate change: a statistically significant variation
in either the mean state of the climate or its
variability
energy-intensive agriculture: a method of farming
that involves working on a large scale, utilizing

significant resources, energy, and mechanization;
often also referred to as industrialized agriculture
greenhouse effect: phenomenon in which certain gases
in a planet’s atmosphere trap heat that would otherwise escape into outer space, thereby increasing
the planet’s surface temperature
Background
There is now a consensus that the mean temperature of Earth will increase by an average of 2.0° to
11.5° Celsius in the twenty-first century. (The higher end accounts for likely changes in vegetation
cover.) The resulting elevated temperatures (even
at the lower end of the estimates) will have significant effects on Earth’s biosphere, including human life. Many factors are associated with this predicted temperature rise, but agriculture is among
the major contributors.

Sembrado de soja en argentina Soybean field in Buenos Aires, Argentina. (Alfonso/Wikimedia Commons)
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Direct Impacts of Agriculture on Climate
Change
Agricultural activity is a significant source of greenhouse gases (GHGs). GHG levels are affected by
land clearing, high energy inputs, soil degradation, and intensive animal husbandry. Agriculture
contributes to 25 percent of the world’s carbon
dioxide (CO2) emissions, 60 percent of methane
gas emissions, and 80 percent of nitrous oxide
emissions. Agriculture’s high energy input results
primarily from manufacturing chemical fertilizers,
herbicides, and pesticides; operating farm machinery; irrigating farmland using pumps and other
machines; and transporting products over long
distances. Collectively, these activities account for
more than 90 percent of the total energy expenditure in agriculture.
The burning of fossil fuels releases CO2 into the
atmosphere. The CO2 concentration in the atmosphere has increased from 277 parts per million to
382 parts per million since the beginning of the
Industrial Revolution in the mid-eighteenth century. Industrialized agriculture is believed to have
contributed to 25 percent of that increase.
Overuse of fertilizers, in addition to energy inputs in fertilizer manufacturing, contributes significantly to climate change. More than half of all
synthetic fertilizers applied to the soil either end
up in local waterways or emit to the atmosphere.
A portion of the excess nitrogen fertilizers in the
soil is converted into nitrous oxide, which is 296
times more potent than CO2 in trapping heat and
which has a long atmospheric lifetime of 114 years.
Each year, nitrous oxide emissions alone account
for the equivalent of 1.9 billion metric tons of CO2
emissions.
The second greatest GHG emission by agriculture is methane, released in small amounts by
rice paddies and in much larger amounts by livestock. As the demand for meat increases, more
livestock are raised and are fed higher-protein
diets. Both the number of livestock and their protein-rich diets increase the amount of methane
they emit. Methane gas is fourteen times more
potent than CO2 in trapping heat. Its concentration has almost tripled since the Industrial Revolution, from 600 parts per billion to 1,728 parts
per billion.
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Indirect Impacts of Agriculture on Climate
Change
Agriculture also contributes indirectly to climate
change. Clearing trees and other natural stands to
make land suitable for agricultural uses removes
important carbon sinks, so less carbon is returned
to the terrestrial biosphere and more CO2 finds its
way into the atmosphere, where it contributes to
climate change.
The effect of land clearing on climate change is
evident from the consequences of the destruction
of tropical rain forests. For instance, large areas
in Brazil have been cleared to facilitate soybean
production. This clearing disrupts the local water
cycle, which in turn alters Brazil’s climate. In rain
forests, water circulates as a result of evaporation,
which greatly increases humidity. Natural tree
stands act to buffer extremes of heat, cold, and
drought. When the trees are removed, the buffer
disappears. Moreover, the amount of water vapor
in the air decreases, causing shifts in rainfall patterns, moisture levels, air temperature, and weather patterns generally.
The conversion of forests into agricultural lands
has significantly altered Earth’s vegetation cover.
Such changes in the land surface affect Earth’s albedo—that is, the proportion of incident radiation
reflected by the planet’s surface. Changes in the albedo in turn can affect the surface energy budget,
which affects local, regional, and global climates.
Changes in vegetation also produce changes in the
global atmospheric concentration of CO2. Agricultural landscape ranks among the lowest in carbon
sequestration. Thus, as more land is devoted to agricultural uses, more of Earth’s carbon is converted
to CO2 and emitted to the atmosphere, contributing to global warming.
Effects of Climate Change on Agriculture
Potential climate changes associated with elevated GHGs and an altered surface energy budget
include an increased incidence of heat waves,
severe storms, and floods, as well as elevated sea
levels. Some 30 percent of the agricultural lands
worldwide could be affected by these changes.
Global warming alone is projected to have considerable effects on agriculture. A warming of
2° Celsius or more could reduce global food
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supplies and aggravate world hunger. The impact
on crop yields will vary considerably across different agricultural regions. Warm regions, such
as tropics and subtropics, will be threatened by
climate change, while cooler regions, mainly in
temperate or higher latitudes, may benefit from
warming.
Global climate change may have significant
effects upon livestock systems as well. First, the
productivity and quality of rangelands may be adversely affected. This in turn will affect the quality and productivity of livestock. Second, higher
grain prices resulting from the disruption of crop
production will lead to higher costs for livestock
products. Third, increased severity and frequency
of storms may intensify soil erosion and decrease
the productivity of rangelands. Fourth, global
warming could result in changes in the distribution and severity of livestock diseases and parasites, which may threaten the health of animals,
especially those in intensively managed livestock
systems.
Possible Solutions
Unlike any other industrial GHG emitters, agriculture has the potential to change from being one
of the largest GHG sources to being a net carbon
sink, reversing its role in climate change. Several
practical measures can be taken to mitigate the
climate change caused by intensive agriculture.
These include the reduced and more efficient use
of chemical fertilizers, protection of soil, improvement of paddy rice production, and reduction of
demand for meat.
Precision farming can reduce the need for
chemical fertilizers. In precision farming, fertilizers and other agrochemicals are applied based on
crops’ needs, in precise amounts and on a carefully managed schedule. The reduced application
of these chemicals not only cuts GHG emissions
but also alleviates other environmental problems
such as water pollution and eutrophication of
waterways.
As a result of intensive farming, agricultural soils
have some of the lowest carbon contents of all land
types. If these soils can be modified to absorb more
of Earth’s carbon, the result will be a net reduction
in atmospheric carbon. Low soil carbon content
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can be reversed through a number of measures, including planting cover crops, fallowing, and engaging in conservation tillage. These practices will increase the amount of organic matter (and thus the
carbon content) in the soil. They will also reduce
soil erosion and surface runoff, thereby reducing
the need for chemical fertilizers. Collectively, these
measures can turn agricultural soils into carbon
sinks, changing the nature of their impact on climate change.
To reduce methane emissions from rice production, better cultivation techniques will need
to be adapted. For example, rather than continuously flooding rice paddies, farmers could supply water to the paddies only when it is needed
during the growing season and keep the paddies
dry during the nongrowing season. Such measures
could reduce methane emission from rice fields
significantly.
Livestock raising is the second largest source
of GHGs in agriculture. The most efficient way to
cut methane emission due to livestock is simply
to reduce the number of farm animals. As an ever-increasing demand for meat and dairy products
drives increasing animal husbandry, one effective
approach to cut methane emission is to reduce the
demand for meat, especially in developed countries
where consumers have tremendous buying power.
Reduced meat and dairy consumption would go a
long way toward curbing methane emissions.
Context
Agriculture and climate change are interlocked
processes, in that each exerts effects on the other
in a complex fashion. Climate changes, especially
shifts in precipitation and temperature, are widely
believed to have significant effects on agriculture,
because these two factors determine the carrying
capacity of any ecosystem. At the same time, modern agriculture is a major contributing factor to
global warming, as altered land cover and the emission of CO2, methane gas, and nitrous oxide from
intensive farming increase the GHG content of the
atmosphere. However, it remains possible to transform industrialized agriculture, using techniques
that could render it more sustainable and mitigate
its effects upon global and local climates.
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