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Greenhouse Gases
Associated With
Human Activities

The principal greenhouse gases that
nergy from the sun drives the Earth’s weather and enter the atmosphere because of human
. . activities are:
climate. The Earth absorbs some of the energy it
receives from the sun and radiates the rest back

« Carhon dioxide is emitted primarily
through the burning of fossil fuels

tOWElI‘d Space. HOWGVCI’, Cel‘taln gaSGS ln the atmo- (oil' natural gas, and c0a|)’ solid waste,
sphere, called greenhouse gases, absorb some of the and trees and wood products. Changes
. .. in land ,such i

energy radiated from the Earth and trap it in the n anc tise, stich as growing new

) forests or disturbing soils, can lead
atmosphere. These gases essentially act as a blanket, to the addition or removal of carbon
making the Earth’s surface warmer than it would be dioxide to/from the atmosphere.
otherwise. Methane is emitted during the

production and transport of coal,

The “greenhouse effect” occurs naturally, making life natural gas, and oil. Methane emis-

as we know it possible. During the past century, how- ol a g e etock ol
agricultural practices and from the

ever, human activities have substantially increased the deary apale s reE

amount of greenhouse gases in the atmosphere, chang- solid waste landfills.

ing the composition of the atmosphere and influenc- Nitrous oxide is emitted during agri-

ing climate. Some greenhouse gases are almost entirely cultural and industrial activities, as
well as during combustion of fossil

man-made. Other greenhouse gases come from a

fuels and solid waste.
combination of natural sources and human activities. .
Fluorinated gases, such as hydrofluo-

For example, carbon dioxide is a greenhouse gas that T T AR
occurs naturally because of volcanoes, forest fires, and sulfur hexafluoride, are emitted from
biological processes (such as breathing), but is also VLIS 57 G TDTE [IEEEES e
) ) . commercial and household uses. Flu-
produced by burning fossil fuels in power plants and e
automobiles. Other major sources of greenhouse gases as substitutes for ozone-depleting

substances such as chlorofluorocar-

include industrial and agricultural processes, waste bons (CFC)

management, and land use changes.

Some short-lived greenhouse gases, such

The major greenhouse gases emitted into the atmo- T T R TEIE ereiE, 2T £S5 ()
N I hh L. hon dioxid particles in the atmosphere), such as
sphere through human activities are carbon dioxide, black carbon and sulfates, are relevant to
methane, nitrous oxide, and fluorinated gases (see climate change.While this report focuses
Greenhouse Gases Associated With Human Activi- only on major; long-lived greenhouse
. oht). M fth i in th gases, these shorter-lived substances
ties at rig t). any of these gases can remain in the might be included in future editions of
atmosphere for tens to hundreds of years after being this report. For the latest trends and
released. Thus, to get a more complete picture of the e @1 TIE5E s, W A
. Air Trends Report at: www.epa.gov/
amount of greenhouse gases in the atmosphere, both airtrends/201 Ofindex heml.

emissions (how much of a given greenhouse gas is
produced and emitted into the air) and concentra-
tions (the amount of a greenhouse gas present in a certain volume of air) are measured.
Long-lived greenhouse gases become globally mixed in the atmosphere, reflecting both past
and recent contributions from emission sources worldwide.
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Background

A number of factors influence the quanti-
ties of greenhouse gases released into
the atmosphere, including economic
activity, population, income level, energy
prices, land use, technology, and weather
conditions. There are several ways to
track these emissions. In addition to
tracking overall emissions and emissions
from specific industrial sectors in abso-
lute terms, many countries also track
emissions per capita.

Methods to reduce greenhouse gas
emissions include fuel switching (such as
switching from fossil fuels to wind pow-
er); conservation and energy efficiency;
and methane recovery from emission
sources such as landfills and coal mines.

Ahout the Indicator

This indicator focuses on emissions of
carbon dioxide, methane, nitrous oxide,
and several fluorinated compounds—all
important greenhouse gases that are
influenced by human activities. These
particular gases are covered under the
United Nations Framework Convention
on Climate Change, an international
agreement that requires participating
countries to develop and periodically
submit an inventory of greenhouse gas
emissions. Data and analysis for this
indicator come from EPA’s Inventory of
U.S. Greenhouse Gas Emissions and Sinks:
1990-2008."

This indicator reports emissions of
greenhouse gases according to their
global warming potential,a measure

of how much a given amount of the
greenhouse gas is estimated to contribute
to global warming over a selected period
of time. For the purposes of comparison,
global warming potential values are given
in relation to carbon dioxide and are
expressed in terms of carbon dioxide
equivalents. For additional perspective,
this indicator also shows greenhouse gas
emissions in relation to economic activity
and population.

This indicator describes emissions of greenhouse gases in the United States and its territories.

Figure 1. U.S. Greenhouse Gas Emissions by Gas, 1990-2008

This figure shows emissions of carbon dioxide, methane, nitrous oxide, and several fluorinated com-
pounds in the United States from 1990 to 2008. For consistency, emissions are expressed in million
metric tons of carbon dioxide equivalents.
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*HFCs are hydrofluorocarbons, PFCs are perfluorocarbons, and SF, is sulfur hexafluoride.

Data source: U.S. EPA, 2010?

Figure 2. U.S. Greenhouse Gas Emissions and Sinks hy Economic Sector, 19902008

This figure shows greenhouse gas sinks and emissions by source in the United States from 1990 to 2008. For
consistency, emissions are expressed in million metric tons of carbon dioxide equivalents. Totals do not match

Figure | exactly because the economic sectors shown here do not include emissions from U.S. territories.
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Figure 3. U.S. Greenhouse Gas Emissions per Capita and per Dollar of
GDP, 1990-2008

This figure shows trends in greenhouse gas emissions from 1990 to 2008 per capita, based on the
total U.S. population (heavy orange line). It also shows trends in emissions compared with the real GDP,
which is the value of all goods and services produced in the country during a given year, adjusted for
inflation (heavy blue line).All data are indexed to 1990 as the base year, which is assigned a value of
100; thus a value of 140 in 2000 would represent a 40 percent increase since 1990.
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Key Points

* In 2008, U.S. greenhouse gas emissions totaled 6,957 million metric tons of carbon
dioxide equivalents,a 14 percent increase from 1990 (see Figure ).

During the period from 1990 to 2008 (see Figure 1):

o Emissions of carbon dioxide, the primary greenhouse gas emitted by human
activities, increased by |16 percent.

Emissions of fluorinated compounds, released as a result of commercial,
industrial, and household uses, rose by 66 percent. Although fluorinated gases
accounted for only 2 percent of all greenhouse gas emissions in 2008, they are
important because they have extremely high global warming potential values and
long atmospheric lifetimes.

Methane emissions decreased by 7 percent, largely because of reduced emissions
from landfills and coal mines.®

Nitrous oxide emissions, largely derived from agricultural soil management,
nitrogen application, and vehicle emissions, declined by | percent.

Electricity generation has accounted for about 32 percent of total U.S. greenhouse
gas emissions since 1990.Transportation is the second largest source of greenhouse
gas emissions, accounting for 27 percent of emissions since 1990 (see Figure 2).

In 2008, 14 percent of U.S. greenhouse gas emissions were offset by uptake of
carbon and “sequestration” in forests, trees, agricultural soils, and landfilled yard
trimmings and food scraps (these are referred to as sinks, as shown in Figure 2
beneath the axis).

Emissions per capita have remained nearly level since 1990 (see Figure 3), as emis-
sions have increased at about the same rate as the population.

From 1990 to 2008, greenhouse gas emissions per unit of U.S. GDP declined by 31
percent (see Figure 3).

Indicator Limitations

While this indicator addresses many of the
most important greenhouse gases, it does
not include other gases that are not covered
under the United Nations Framework Con-
vention on Climate Change but could still
affect the Earth’s energy balance and climate
(see the Climate Forcing indicator on p. |8
for more details). For example, this indicator
excludes ozone-depleting substances such

as chlorofluorocarbons (CFCs) and hydro-
chlorofluorocarbons, which have high global
warming potentials, as these gases are being
phased out under an international agreement
called the Montreal Protocol. There also are
a variety of natural greenhouse gas emission
sources; however, this indicator includes only
man-made and human-influenced greenhouse
gas emissions.

Data Sources

Data for this indicator came from EPA’s
Inventory of U.S. Greenhouse Gas Emissions and
Sinks: 1990—-2008. This report is available
online at: www.epa.gov/climatechange/
emissions/usinventoryreport.html. The
calculations in Figure 3 are based on gross
domestic product (GDP) and population data
provided by the U.S. Bureau of Economic
Analysis and the U.S. Census, respectively.



Background

Every country around the world emits
greenhouse gases, meaning the root
causes of climate change are truly
global. Some countries produce more
greenhouse gases than others, however,
depending on factors such as economic
activity, population, income level, land use,
and weather conditions. Tracking green-
house gas emissions worldwide provides
a global context for understanding the
United States’ role in addressing climate
change.

Ahout the Indicator

Like the U.S. Greenhouse Gas Emissions
indicator (p. 10), this indicator focuses
on emissions of gases covered under the
United Nations Framework Conven-
tion on Climate Change: carbon dioxide,
methane, nitrous oxide, and several
fluorinated compounds. These are all
important greenhouse gases that are
influenced by human activities, and the
Convention requires participating coun-
tries to develop and periodically submit
an inventory of emissions.

Data and analysis for this indicator come
from the World Resources Institute’s
Climate Analysis Indicators Tool (CAIT),
which compiles data from greenhouse gas
inventories developed by EPA and other
agencies worldwide. Global estimates for
carbon dioxide are published annually,
but estimates for other gases such as
methane and nitrous oxide are available
only every fifth year.

This indicator tracks emissions of green-
house gases according to their global
warming potential, a measure of how
much a given amount of the greenhouse
gas is estimated to contribute to global
warming over a selected period of time.
For the purposes of comparison, global
warming potential values are given in rela-
tion to carbon dioxide and are expressed
in terms of carbon dioxide equivalents.

This indicator describes emissions of greenhouse gases worldwide.

Figure 1. Global Greenhouse Gas Emissions by Gas, 1990-2005

This figure shows worldwide emissions of carbon dioxide, methane, nitrous oxide, and several fluo-
rinated compounds from 1990 to 2005. For consistency, emissions are expressed in million metric
tons of carbon dioxide equivalents. These totals do not include emissions due to land use change or
forestry because estimates are not available for the most recent years.

= Carbon dioxide

40,000
30,000
25,000
20,000
15,000
10,000
5,000
0

1990 1995 2000 2005

Year
* HFCs are hydrofluorocarbons, PFCs are perfluorocarbons, and SF, is sulfur hexafluoride.

B HF(s, PFCs, and SF.*
= Nitrous oxide
35,000  mm Methane

Emissions (million metric tons of carhon dioxide equivalents]

Data source:World Resources Institute, 2009¢

Figure 2. Global Greenhouse Gas Emissions hy Sector, 19902005

This figure shows worldwide greenhouse gas emissions by sector from 1990 to 2005.* For consistency,
emissions are expressed in million metric tons of carbon dioxide equivalents. These totals do not include
emissions due to land use change or forestry because estimates are not available for the most recent years.
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* Note that the sectors shown here are different from the economic sectors used in U.S. emissions accounting
(see the U.S. Greenhouse Gas Emissions indicator). Emissions from international transport (aviation and marine)
are separate from the energy sector because they are not part of individual countries’ emission inventories.

Data source:World Resources Institute, 20097



Key Points

¢ |n 2005, the world is estimated to have emitted over 38,000 million metric
tons of greenhouse gases, expressed as carbon dioxide equivalents. This
represents a 26 percent increase from 1990 (see Figures | and 2).

During the period from 1990 to 2005, global emissions of all major green-
house gases increased (see Figure |). Methane emissions rose the least—I10
percent—while emissions of fluorinated compounds more than doubled.
Emissions of carbon dioxide increased by 3| percent, which is particularly
important because carbon dioxide accounts for nearly three-fourths of total
global emissions.

Energy use is the largest source of greenhouse gas emissions worldwide
(about 73 percent of the total), followed by agriculture (16 to |7 percent)
(see Figure 2).

In the United States, changes in land use and forestry represent a net “sink”
for greenhouse gases, meaning they absorb more greenhouse gases (for ex-
ample, through the net growth of forests) than they emit. On a global scale,
however, these activities represent an additional source of greenhouse gases
due to factors such as human-caused destruction of forests.®

Greenhouse gas emissions are increasing faster in some parts of the world
than in others (see Figure 3).

Figure 3. Global Carhon Dioxide Emissions hy Region, 1990-2005

This figure shows carbon dioxide emissions from 1990 to 2005 for different regions of the world.
These data do not include emissions attributable to land use, land use change, or forestry.
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Indicator Limitations

Like the U.S. Greenhouse Gas Emissions indi-
cator (p. 10), this indicator does not include
emissions of a number of gases that might
affect climate but are not covered under the
United Nations Framework Convention on
Climate Change. For example, this indicator
excludes ozone-depleting substances such

as chlorofluorocarbons (CFCs) and hydro-
chlorofluorocarbons, which have high global
warming potentials, as these gases are being
phased out under an international agreement
called the Montreal Protocol. There also are
a variety of natural greenhouse gas emission
sources; however, this indicator includes only
man-made and human-influenced greenhouse
gas emissions.

Global emission inventories for gases other
than carbon dioxide are limited. Data are
only available at five-year intervals, and the
most recent year—2005—represents a set of
projections. The United Nations Framework
Convention on Climate Change database has
more comprehensive data; however, these
data are available only for developed coun-
tries that are parties to the Convention—a
group that accounts for only about half of
global greenhouse gas emissions. Thus, to
provide a more representative measure of
global greenhouse gas emissions, this indica-
tor uses the broader CAIT database.

Data Sources

Data for this indicator came from the World
Resources Institute’s CAIT database, which is
accessible online at: http:/cait.wri.org. CAIT
compiles data that were originally collected
by organizations such as the United Nations,
International Energy Agency, EPA, and U.S.
Carbon Dioxide Information Analysis Center.



Background

Since the Industrial Revolution, humans
have added a significant amount of
greenhouse gases into the atmosphere by
burning fossil fuels, cutting down forests,
and other activities (see the U.S. and
Global Greenhouse Gas Emissions Indica-
tors on pp. |0—13).When greenhouse
gases are emitted into the atmosphere,
most remain in the atmosphere for long
time periods, ranging from a decade

to many millennia. If emissions exceed
their uptake by “sinks,” such as oceans
and vegetation, these gases accumulate
and their concentrations rise. Long-lived
greenhouse gases become well mixed

in the atmosphere because of transport
by winds, and concentrations are similar
throughout the world. Concentrations
of short-lived greenhouse gases such as
tropospheric ozone often vary regionally
and are not described in this indicator.

Concentrations of greenhouse gases

are measured in parts per million (ppm),
parts per billion (ppb), or parts per tril-
lion (ppt) by volume. In other words, if a
parcel of air were divided into a million
parts (or a billion or trillion), this indica-
tor measures how many of those parts
would be made up of greenhouse gases.

Ahout the Indicator

This indicator describes concentrations
of greenhouse gases in the atmosphere.
It focuses on the major greenhouse gases
that result from human activities: carbon
dioxide, methane, nitrous oxide, and cer-
tain manufactured gases—known as halo-
carbons—that contain fluorine, chlorine,
bromine, or iodine. This indicator shows
concentrations of greenhouse gases over
thousands of years. Measurements in
recent years have come from monitoring
stations around the world, while older
measurements come from air bubbles
trapped in layers of ice from Antarctica
and Greenland. By determining the age of
the ice layers and the concentrations of
gases trapped inside, scientists can learn
what the atmosphere was like thousands
of years ago.

This indicator describes how the levels of major greenhouse gases in the atmosphere have
changed over time.

Figure 1. Global Atmospheric
Goncentrations of GCarhon
Dioxide Over Time

This figure shows concentrations of carbon
dioxide in the atmosphere from hundreds of
thousands of years ago through 2009. The
data come from a variety of historical stud-
ies and monitoring sites around the world.

Figure 2. Global Atmospheric
Goncentrations of Methane
Over Time

This figure shows concentrations of meth-
ane in the atmosphere from hundreds of
thousands of years ago through 2008. The
data come from a variety of historical stud-
ies and monitoring sites around the world.
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Key Points

Global atmospheric concentrations
of carbon dioxide, methane, nitrous
oxide, and certain manufactured
greenhouse gases have all risen
substantially in recent years (see
Figures 1,2, 3,and 4).

Before the industrial era began
around 1780, carbon dioxide con-
centrations measured approximately
270-290 ppm. Concentrations have
risen steadily since then, reaching
387 ppm in 2009—a 38 percent
increase.Almost all of this increase
is due to human activities.'?

Since 1905, the concentration of
methane in the atmosphere has
roughly doubled. It is very likely that
this increase is predominantly due
to agriculture and fossil fuel use.'

Historical measurements show that
the current global atmospheric con-
centrations of carbon dioxide and
methane are unprecedented over
the past 650,000 years, even after
accounting for natural fluctuations
(see Figures | and 2).

Over the past 100,000 years, con-
centrations of nitrous oxide in the
atmosphere have rarely exceeded
280 ppb. Levels have risen steadily
since the 1920s, however, reaching
a new high of 323 ppb in 2009 (see
Figure 3).This increase is primarily
due to agriculture.'

Concentrations of manufactured
halocarbons (gases that contain
chlorine, fluorine, bromine, or io-
dine) were essentially zero a few de-
cades ago, but have increased rapidly
as they have been incorporated into
industrial products and processes
(see Figure 4 on page 16).Some

of these chemicals are now being
phased out of use because they also
cause harm to the Earth’s ozone
layer, causing their concentrations to
stabilize. However, concentrations of
others continue to increase.

(Continued on page 16)




Indicator Limitations

This indicator includes several of the most
important greenhouse gases, but some others
are not covered. The indicator also does

not address certain other pollutants that can
affect climate by either reflecting or absorb-
ing energy. For example, sulfate particles can
reflect sunlight away from the Earth, while
black carbon aerosols (soot) absorb energy.

Data Sources

The data in this indicator came from multiple
sources. Summary global atmospheric con-
centration data for carbon dioxide (Figure

1), methane (Figure 2), and nitrous oxide
(Figure 3) were provided by EPA’s Office of
Atmospheric Programs, based on greenhouse
gas concentration measurements reported

in a collection of studies published in the
peer-reviewed literature. References for the
underlying data are included in the cor-
responding exhibits, and some data sets are
also available in electronic format at: www.
epa.gov/climatechange/science/recentac.html.
Global atmospheric concentration data for
selected halocarbons (Figure 4) are a subset
of the data depicted in the Intergovernmental
Panel on Climate Change’s Fourth Assess-
ment Report.'

Figure 3. Global Atmospheric
Goncentrations of Nitrous
Oxide Over Time

This figure shows concentrations of nitrous
oxide in the atmosphere from 100,000
years ago through 2009. The data come
from a variety of historical studies and
monitoring sites around the world.

Water Vapor as a Greenhouse Gas

Water vapor is the most abundant greenhouse gas in the
atmosphere. Human activities produce only a very small increase
in water vapor primarily through irrigation and combustion

processes, and so it is not included in this indicator. However, the
surface warming caused by human-produced increases in other
greenhouse gases leads to an increase in atmospheric water vapor,
because a warmer climate increases evaporation and allows the
atmosphere to hold more moisture. This creates a “feedback

loop” that can lead to more warming.
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Figure 4. Glohal Atmospheric
Concentrations of Selected
Halocarhons, 1978—-2006

This figure shows concentrations of several
man-made halocarbons (gases containing
fluorine, chlorine, bromine, or iodine) in the
atmosphere. The data come from monitor-
ing sites around the world. Note that

the scale is logarithmic, which means it
increases by powers of 10. This is because
the concentrations of different halocarbons
can vary by many orders of magnitude.
The numbers following the name of each
gas (e.g., HCFC-22) are used to denote
specific types of those gases.
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Background

When energy from the sun reaches

the Earth, the planet absorbs some of
this energy and radiates the rest back

to space as heat. The Earth’s surface
temperature depends on this balance
between incoming and outgoing energy. If
this energy balance is shifted, the Earth’s
surface could become noticeably warmer
or cooler, leading to a variety of changes
in global climate.

A number of natural and man-made
mechanisms can affect the global energy
balance and force changes in the Earth’s
climate. Greenhouse gases are one such
mechanism. Greenhouse gases in the
atmosphere absorb and re-emit some of
the outgoing energy radiated from the
Earth’s surface, causing that heat to be
retained in the lower atmosphere. Some
greenhouse gases remain in the atmo-
sphere for decades or even centuries, and
therefore can affect the Earth’s energy
balance over a long time period. Factors
that influence Earth’s energy balance

can be quantified in terms of “radiative
climate forcing.” Positive radiative forc-
ing indicates warming (for example, by
increasing incoming energy or decreasing
the amount of energy that escapes to
space), while negative forcing is associated
with cooling.

Ahout the Indicator

The Annual Greenhouse Gas Index mea-
sures the average total radiative forcing
of 17 greenhouse gases, including carbon
dioxide, methane, and nitrous oxide. This
index was calculated by the National
Oceanic and Atmospheric Administration
based on measured concentrations of the
gases in the atmosphere. Because each
gas has a different capacity to absorb heat
energy, this indicator converts concentra-
tions into a measure of the total radiative
forcing (energy absorption) caused by
each gas.

The total radiative forcing of these gases
is then translated into one index value.
This value represents the ratio of the total
radiative forcing for that year compared
with the total radiative forcing in 1990.

This indicator measures the levels of greenhouse gases in the atmosphere hased
on their ability to cause changes in the Earth’s climate.

Figure 1. The Annual Greenhouse Gas Index, 1979-2008

This figure shows the amount of radiative forcing caused by various greenhouse gases, based
on the concentrations present in the Earth’s atmosphere. Radiative forcing is represented by
the Annual Greenhouse Gas Index, which is set to a value of | for 1990.
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Atmospheric Lifetime and “Glohbal Warming Potential” of
Important Greenhouse Gases

Several factors determine how strongly a particular greenhouse gas will affect the
Earth’s climate. One factor is the length of time that the gas remains in the atmosphere.
For example, a molecule of methane emitted today will last an average of 12 years
before decaying, while a molecule of sulfur hexafluoride will last for thousands of years.
Each gas also has its own unique ability to absorb energy and contribute to climate forc-
ing. By considering both the lifetime of the gas and its ability to absorb energy, scientists
have come up with an overall global warming potential for each gas, which is expressed
relative to the global warming potential of carbon dioxide.

Average lifetime in  Glohal warming potential of one

Greenhouse gas

the atmosphere molecule of the gas over 100 years
(relative to carhon dioxide = 1]

Carbon dioxide 50-200 years* |

Methane 12 years 21

Nitrous oxide 120 years 310

CFC-12 100 years 10,600

CFC-11 45 years 4,600

HFC-134a 14.6 years 1,300

Sulfur hexafluoride 3,200 years 23,900

* Carbon dioxide’s lifetime is poorly defined because the gas is not destroyed over time, but instead moves be-
tween different parts of the ocean—atmosphere—land system. Some of the excess carbon dioxide will be absorbed
quickly (for example, by the ocean surface), but some will remain in the atmosphere for thousands of years.

Data source: EPA uses atmospheric lifetimes and global warming potentials from the Intergovernmental Pan-
el on Climate Change’s (IPCC’s) Second Assessment Report,'® as countries have agreed to do under current
international treaties within the United Nations Framework Convention on Climate Change (UNFCCC).
Two exceptions are CFC-11 and CFC-12, which are not covered under the UNFCCC and for which EPA is
using values from the IPCC’s Third Assessment Report.2’



Key Points

In 2008, the Annual Greenhouse Gas Index was .26, an increase in radiative
forcing of 26 percent over 1990 (see Figure 1). Carbon dioxide accounts for
approximately 80 percent of this increase.

Of the five most prevalent greenhouse gases shown in Figure |, carbon
dioxide and nitrous oxide are the only two whose contributions to radiative

forcing continue to increase at a steady rate. By 2008, radiative forcing due
to carbon dioxide was 35 percent higher than in 1990.

Although the overall Annual Greenhouse Gas Index continues to grow, the
rate of increase has slowed somewhat over time. This change has occurred
in large part because methane concentrations have remained relatively
steady since 1990, and CFC concentrations are declining because most of
their uses have been banned (see Figure |).

Indicator Limitations

There are uncertainties and limitations in the
data and models used for deriving radia-

tive forcing values. In addition, the Annual
Greenhouse Gas Index does not consider
certain other climate forcing mechanisms.
For example, reflective aerosol particles in
the atmosphere can reduce radiative forcing,
while ground-level ozone can increase it.

Data Sources

Data for this indicator were provided by the
National Oceanic and Atmospheric Adminis-
tration. This figure and other information are
available at: www.esrl.noaa.gov/gmd/aggi.



