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Preface

Title XVI, Section 1605(a) of the Energy Policy Act of
1992 (enacted October 24, 1992) provides:

Not later than one year after the date of the enactment of
this Act, the Secretary, through the Energy Information
Administration, shall develop, based on data available
to, and obtained by, the Energy Information Adminis-
tration, an inventory of the national aggregate emis-
sions of each greenhouse gas for each calendar year of the
baseline period of 1987 through 1990. The Administra-
tor of the Energy Information Administration shall
annually update and analyze such inventory using

available data. This subsection does not provide any new
data collection authority.

The first report in this series, Emissions of Greenhouse
Gases 1985-1990, was published in September 1993. This
report—the twelfth annual report, as required by
law—presents the Energy Information Administration’s
latest estimates of emissions for carbon dioxide, meth-
ane, nitrous oxide, and other greenhouse gases. These
estimates are based on activity data and applied emis-
sions factors and not on measured or metered emissions
monitoring.

For this report, data on coal and natural gas consumption and electricity sales and losses by sector were obtained
from the Energy Information Administration’s (EIA’s) November 2004 Monthly Energy Review. Additional detailed
information on petroleum consumption was obtained from unpublished material in support of EIA’s Annual Energy
Review 2003. Data on electric power sector emissions were obtained from EIA’s Electric Power Annual. In keeping
with current international practice, this report presents data on greenhouse gas emissions in million metric tons
carbon dioxide equivalent. The data can be converted to carbon equivalent units by multiplying times 12 /44.
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Executive Summary

Overview
U.S. Anthropogenic Emissions of
Greenhouse Gases, 1990-2003
Carbon Dioxide
Equivalent
Estimated 2003 Emissions
(Million Metric Tons) 6,935.7
Change Compared to 2002
(Million Metric Tons) 44.8
Change from 2002 (Percent) 0.7%
Change Compared to 1990
(Million Metric Tons) 820.5
Change from 1990 (Percent) 13.4%
Average Annual Increase,
1990-2003 (Percent) 1.0%

U.S. emissions of greenhouse gases in 2003 totaled
6,935.7 million metric tons carbon dioxide equivalent,
0.7 percent more than in 2002 (6,890.9 million metric tons
carbon dioxide equivalent). Although emissions of car-
bon dioxide and emissions of methane grew by 0.8 per-
cent and 0.5 percent, respectively, those increases were
partially balanced by reductions in emissions of nitrous
oxide (-0.9 percent) and hydrofluorocarbons, perfluoro-
carbons, and sulfur hexafluoride (-0.3 percent). U.S.
greenhouse gas emissions have averaged 1.0-percent
annual growth since 1990.

The U.S. economy grew by 3.0 percent in 2003, which is
equivalent to the average annual growth rate that has
prevailed during the 1990-2003 period. Consequently,
U.S. greenhouse gas intensity (greenhouse gas emis-
sions per unit of real economic output) was 2.3 percent
lower in 2003 than in 2002. From 1990 to 2003, U.S.
greenhouse gas intensity has declined by 22.3 percent, or
by an average of 1.9 percent per year.

U.S. greenhouse gas emissions in 2003 were 13.4 percent
higher than 1990 emissions (6,115.2 million metric tons
carbon dioxide equivalent)—an average annual increase
of 1.0 percent over the period. Since 1990, U.S. emissions
have increased more slowly than the average annual
growth in population (1.2 percent), primary energy con-
sumption (1.2 percent), electric power generation (1.9
percent), or gross domestic product (3.0 percent). While
the annual growth rate in carbon dioxide emissions
since 1990 (1.3 percent) has closely tracked annual
growth in population and energy consumption, the
average annual rate of growth in total greenhouse gas
emissions has been lower (1.0 percent) because of reduc-
tions in methane and nitrous oxide emissions since 1990.

Table ES1 shows trends in emissions of the principal
greenhouse gases, measured in million metric tons of
gas. In Table ES2, the value shown for each gas is
weighted by its global warming potential (GWP), which
is a measure of marginal radiative efficiency. The GWP
concept, developed by the Intergovernmental Panel on
Climate Change (IPCC), provides a comparative mea-
sure of the impacts of added units of different green-
house gases on global warming relative to the global
warming potential of carbon dioxide.!

Table ES1. Summary of Estimated U.S. Emissions of Greenhouse Gases, 1990 and 1995-2003

(Million Metric Tons of Gas)

Gas | 1990 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | p2003
Carbon Dioxide. . .. .. .. 49901 53067 54955 55581 55007 56716 58448 5777.0 58248 58702
Methane ............. 30.8 29.6 28.3 28.2 27.2 26.6 26.7 26.0 26.1 26.2
Nitrous Oxide .. . .. .. .. 11 12 12 11 11 11 11 11 11 11
HFCs, PFCs, and SF . . M M M M M M M M M M

M = mixture of gases. These gases cannot be summed in native units. See Table ES2 for estimated totals in carbon dioxide equivalent.

P = preliminary data.

Note: Data in this table are revised from the data contained in the previous EIA report, Emissions of Greenhouse Gases in the United States 2002,

DOE/EIA-0573(2002) (Washington, DC, October 2003).
Source: Estimates presented in this report.

1See “Units for Measuring Greenhouse Gases” on page xi, and Intergovernmental Panel on Climate Change, Climate Change 2001: The Sci-

entific Basis (Cambridge, UK: Cambridge University Press, 2001).
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Table ES2. U.S. Emissions of Greenhouse Gases, Based on Global Warming Potential, 1990 and 1995-2003
(Million Metric Tons Carbon Dioxide Equivalent)

Gas | 1000 | 1995 | 1996 | 1997 | 1998 | 1999 | 2000 | 2001 | 2002 | P2003
Carbon Dioxide . ... ... 49901 53067 54955 55581 55007 56716 58448 57770 58248 58702
Methane. ............ 7078 6816 6505 6477 6246 6123 6147 5983 5992 6019
Nitrous Oxide. . . .. . ... 3287 3479 3465  337.0 3364 3352 3312 3256 3232 3202
HFCs, PFCs, and SF, . . 88.5 947 1147 1224 1380  137.8 1424 1342 1437 1434
Total .............. 61152 64309 66071 66651 66896 67569 69330 68350 68909 69357

P = preliminary data.

Note: Data in this table are revised from the data contained in the previous EIA report, Emissions of Greenhouse Gases in the United States 2002,

DOE/EIA-0573(2002) (Washington, DC, October 2003).
Sources: Emissions:

Estimates presented in this report. Global Warming Potentials:

Intergovernmental Panel on Climate Change, Climate

Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University Press, 2001), pp. 38 and 388-389.

In 2001, the IPCC Working Group I released its Third
Assessment Report, Climate Change 2001: The Scientific
Basis.2 Among other things, the Third Assessment
Report updated a number of the GWP estimates that
appeared in the IPCC’s Second Assessment Report.3 The
GWPs published in the Third Assessment Report were
used for the calculation of carbon dioxide equivalent
emissions for this report. Generally, the level of total
U.S. carbon dioxide equivalent emissions is 0.6 percent
higher when the GWPs from the Third Assessment
Report are used; however, the trends in growth of green-
house gas emissions are similar for both sets of GWP
values.

During 2003, 83.0 percent of total U.S. greenhouse gas
emissions consisted of carbon dioxide from the combus-
tion of fossil fuels such as coal, petroleum, and natural
gas (after adjustments for U.S. territories and interna-
tional bunker fuels). U.S. emissions trends are driven
largely by trends in fossil energy consumption. In recent
years, national energy consumption, like emissions, has
grown relatively slowly, with year-to-year deviations
from trend growth caused by weather-related phenom-
ena, fluctuations in business cycles, changes in the fuel
mix for electric power generation, and developments in
domestic and international energy markets.

Other 2003 U.S. greenhouse gas emissions include car-
bon dioxide from non-combustion sources (1.6 percent
of total U.S. greenhouse gas emissions), methane (8.7
percent), nitrous oxide (4.6 percent), and other gases (2.1
percent) (Figure ES1). Methane and nitrous oxide emis-
sions are caused by the biological decomposition of vari-
ous waste streams and fertilizer; fugitive emissions from
chemical processes; fossil fuel production, transmission,
and combustion; and many smaller sources. The other
gases include hydrofluorocarbons (HFCs), used primar-
ily as refrigerants; perfluorocarbons (PFCs), released
as fugitive emissions from aluminum smelting and

Figure ES1. U.S. Greenhouse Gas Emissions
by Gas, 2003

Energy-Related
Carbon Dioxide
5,760.1 (83.0%)

(Million Metric Tons Carbon
Dioxide Equivalent)

HFCs, PFCs, and SF 4
143.4 (2.1%)

‘ Nitrous Oxide

320.2 (4.6%)

Methane

Other Carbon Dioxide 601.9 (8.7%)

110.2 (1.6%)

Source: Table ES2 and Table 5 in this report.

also used in semiconductor manufacture; and sulfur
hexafluoride (SF;), used as an insulator in utility-scale
electrical equipment.

This report, required by Section 1605(a) of the Energy
Policy Act of 1992, provides estimates of U.S. emissions
of greenhouse gases. The estimates are based on activity
data and applied emissions factors, not on measured or
metered emissions monitoring.

Carbon Dioxide

The preliminary estimate of U.S. carbon dioxide emis-
sions from both energy consumption and industrial pro-
cesses in 2003 is 5,870.2 million metric tons, which is 0.8
percent higher than in 2002 (5,824.8 million metric tons)
and accounts for 84.6 percent of total U.S. greenhouse
gas emissions. U.S. carbon dioxide emissions have
grown by an average of 1.3 percent annually since 1990.

2Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University Press,

2001).

3Intergovernmental Panel on Climate Change, Climate Change 1995: The Science of Climate Change (Cambridge, UK: Cambridge University

Press, 1996).
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Executive Summary

Emissions data are reported here in metric units, as
favored by the international scientific community.
Metric tons are relatively intuitive for users of English
units, because 1 metric ton is only about 10 percent
heavier than 1 English short ton.

Emissions of most greenhouse gases are reported here
in terms of the full molecular weight of the gas (as in
Table ES1). In Table ES2, however, and subsequently
throughout the report, carbon dioxide and other
greenhouse gases are reported in carbon dioxide
equivalents. In the case of carbon dioxide, emissions
denominated in the molecular weight of the gas or
in carbon dioxide equivalents are the same. Carbon
dioxide equivalent data can be converted to carbon
equivalents by multiplying by 12/44.

Units for Measuring Greenhouse Gases

Emissions of other greenhouse gases (such as methane)
can also be measured in “carbon dioxide equivalent”
units by multiplying their emissions (in metric tons) by
their global warming potentials (GWPs). Carbon diox-
ide equivalents are the amount of carbon dioxide by
weight emitted into the atmosphere that would pro-
duce the same estimated radiative forcing as a given
weight of another radiatively active gas.

Carbon dioxide equivalents are computed by multiply-
ing the weight of the gas being measured (for example,
methane) by its estimated GWP (which is 23 for meth-
ane). GWPs are discussed in Chapter 1 and summa-
rized in Table 4 on page 13.

Although short-term changes in carbon dioxide emis-
sions can result from temporary variations in weather,
power generation fuel mixes, and the economy, growth
in carbon dioxide emissions in the longer term results
largely from population- and income-driven increases
in energy use, as well as consumer choices of energy-
using equipment. The “carbon intensity” of energy use
(carbon dioxide emissions per unit of energy consumed)
can also influence trend growth in energy-related car-
bon dioxide emissions.

Figure ES2 shows recent trends in some common
indexes used to measure the carbon intensity of the U.S.
economy. Carbon dioxide emissions per unit of gross
domestic product (GDP) have continued to fall relative
to 1990; by 2003, this measure was 19.4 percent lower

Figure ES2. Carbon Dioxide Emissions Intensity
of U.S. Gross Domestic Product,
Population, and Electricity Production,
1990-2003
Index (1990 = 100)

CO, Emissions per Capita

Power Sector

CO, Emissions
per unit of

90 '|co, Emissions per Unit of Electricity Produced

85 _|Gross Domestic Product

80 T T T T T T T T T T T T 1
O NV D> H® PN DD LOSNDL D

R LR SRR R R e SR SR (190 (190 (190 {190

Sources: Estimates presented in this report.

than in 1990. Carbon dioxide emissions per capita,
however, were 0.6 percent above 1990 levels in 2003.
Population growth and other factors resulted in
increased aggregate carbon dioxide emissions per year
from 1990 through 2003 (a total increase of 17.6 percent).
Carbon dioxide emissions per unit of net electricity gen-
eration in 2003 were 0.4 percent higher than in 2002.

EIA divides energy consumption into four general
end-use categories: residential, commercial, industrial,
and transportation. Emissions from electricity genera-
tors, which provide electricity to the end-use sectors, are
allocated in proportion to the electricity consumed in,
and losses allocated to, each sector. Figure ES3 illustrates
trends in carbon dioxide emissions by energy consump-
tion sector. Average annual growth rates in carbon diox-
ide emissions by sector during the 1990-2003 period
were 2.2 percent for the commercial sector, 1.9 percent
for the residential sector, and 1.4 percent for the trans-
portation sector. Industrial sector carbon dioxide emis-
sions, after peaking in 1997, are now below their 1990
level.

In the residential sector, total carbon dioxide emissions
were up by 1.7 percent, from 1,193.9 million metric tons
in 2002 to 1,214.8 million metric tons in 2003. The
increase is attributed mainly to a 4.1-percent increase in
residential natural gas consumption due largely to
colder winter weather that increased heating degree-
days by 4.0 percent. Residential sector emissions attrib-
utable to purchased electricity also rose by 1.0 percent,
and emissions from petroleum products increased by 1.9
percent.

Carbon dioxide emissions in the commercial sector
increased by 0.6 percent, from 1,019.8 million metric
tons in 2002 to 1,025.7 million metric tons in 2003. Emis-
sions attributable to purchased electricity increased by

Energy Information Administration / Emissions of Greenhouse Gases in the United States 2003 Xi
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Figure ES3. U.S. Carbon Dioxide Emissions
by Sector, 1990-2003
Index (1990 = 100)

Commercial

130 -

Residential
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110 1 Transportation
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Note: Sectoral emissions include both direct emissions and
emissions attributable to purchased electricity.
Sources: Estimates presented in this report.

0.4 percent, from 793.9 million metric tons in 2002 to
796.7 million metric tons in 2003. Carbon dioxide emis-
sions from the direct combustion of fossil fuels, primar-
ily natural gas, in the commercial sector rose from 225.9
million metric tons in 2002 to 229.0 million metric tons in
2003, a 1.3-percent increase.

Energy-related carbon dioxide emissions in the indus-
trial sector in 2003 are estimated at 1,666.2 million metric
tons, which is slightly less than the level of emissions in
1990. After peaking in 1997 at 1,800.1 million metric tons,
industrial emissions have generally fallen, with the
exception of a slight upturn in 2000.

Industrial energy consumption and carbon dioxide
emissions are concentrated in a few energy-intensive
industries, and the output of the energy-intensive indus-
tries tends to be closely correlated with the industrial
sector’s total carbon dioxide emissions. Among the six
energy-intensive industry groups, which traditionally
account for about 65 to 70 percent of total industrial car-
bon dioxide emissions and 80 percent of carbon dioxide
emissions from manufacturing, changes in output were
mixed in 2003, with production increases in three and
decreases in the other three (see text box in Chapter 2,
page 23). Declines in output were seen in 2003 for pri-
mary metals (-2.3 percent), chemicals (-1.5 percent), and
food (-3.6 percent), while increases in output were seen
for paper (5.1 percent), nonmetallic minerals (0.9 per-
cent), and petroleum refining (1.5 percent). Although
the paper industry showed robust growth in 2003,
the manufacture of paper produces relatively small
amounts of carbon per energy consumed, because much
of the energy used is supplied by wood waste, and the
resulting emissions are part of the natural carbon cycle.
By fuel type, industrial sector carbon dioxide emissions

rose for purchased electricity (1.9 percent), coal (1.2 per-
cent), and petroleum (2.2 percent), while emissions from
natural gas fell by 6.3 percent. Because of the large
decrease in emissions from natural gas use, total indus-
trial emissions fell despite increases in emissions from
the other three energy sources.

Carbon dioxide emissions in the transportation sector, at
1,874.7 million metric tons, were 0.5 percent higher in
2003 than in 2002 (1,866.0 million metric tons). Emissions
of carbon dioxide from gasoline consumption (61.0 per-
cent of transportation sector emissions) grew by 0.4 per-
cent, while emissions from jet fuel use for air travel fell
by 2.5 percent. Carbon dioxide emissions from distillate
fuel use grew by 3.6 percent in 2003. Transportation sec-
tor carbon dioxide emissions have grown by an average
of 1.4 percent annually since 1990.

Carbon dioxide emissions from the U.S. electric power
sector increased by 1.0 percent (22.9 million metric tons),
from 2,256.4 million metric tons in 2002 to 2,279.3 million
metric tons in 2003. Carbon dioxide emissions from the
electric power sector have grown by 27.5 percent since
1990, while total carbon dioxide emissions from all
energy-related sources have grown by 16.0 percent. Car-
bon dioxide emissions from the electric power sector
represented 39.4 percent of total U.S. energy-related car-
bon dioxide emissions in 2003; however, as noted above,
in calculating emissions from the end-use sectors EIA
distributes electric power sector emissions to the four
sectors in proportion to their respective shares of total
electricity purchases. Therefore, electric power emis-
sions are already included in the sectoral totals.

By fuel, emissions from natural gas use for electricity
generation in 2003 were down by 10.1 percent from 2002,
emissions from coal use were up by 1.8 percent, and
emissions from petroleum use were up by 25.8 percent.
The increases in coal- and petroleum-fired generation, at
the expense of natural-gas-fired generation, reflect the
rapid rise in natural gas prices in 2003 (52.2 percent),
while coal and petroleum prices increased by 1.6 and
29.0 percent, respectively. Petroleum-fired generation is
a small component of total electricity generation in the
United States.

Methane

U.S. emissions of methane in 2003 were 0.5 percent
higher than in 2002, at 26.2 million metric tons of meth-
ane or 601.9 million metric tons carbon dioxide equiva-
lent (8.7 percent of total U.S. greenhouse gas emissions).
Total U.S. methane emissions in 2002 were 26.1 million
metric tons of methane. The 2003 increase resulted
primarily from small increases in methane emissions
from landfills, coal mines, animal waste, and natural gas
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systems. Despite the 0.5-percent increase from 2002,
methane emissions in 2003 were 4.6 million metric tons
(15 percent) below the 1990 level.

Methane emissions come from four categories of
sources, three major and one minor. The major sources
are energy, agriculture, and waste management, and the
minor source is industrial processes. The three major
sources accounted for 42.5, 30.4, and 26.6 percent,
respectively, of total 2003 U.S. emissions of methane.
Trends in the major sources of anthropogenic methane
emissions since 1990 are illustrated in Figure ES4.

Methane emissions from energy sources (coal mining,
natural gas systems, petroleum systems, stationary com-
bustion, and mobile source combustion) increased from
254.7 million metric tons carbon dioxide equivalent in
2002 to 256.1 million metric tons carbon dioxide equiva-
lent in 2003, representing a 0.5-percent increase in emis-
sions from energy sources. Methane emissions from
energy sources have fallen by 6.9 percent since 1990. The
rise in 2003 was the result of increases in emissions from
coal mines and natural gas systems.

Methane emissions from agricultural sources (182.8 mil-
lion metric tons carbon dioxide equivalent) decreased by
0.3 percent in 2003. Agricultural methane emissions
have several sources but are dominated by emissions
from domestic livestock, including the animals them-
selves (enteric fermentation) and the anaerobic decom-
position of their waste. Methane emissions from enteric
fermentation in 2003 were 0.3 percent lower than in
2002, whereas methane emissions from animal waste
were 0.6 percent higher than in 2002. The overall decline
in agricultural methane emissions resulted mainly from
one of the smallest sources, emissions from rice cultiva-
tion, which fell by 0.7 million metric tons carbon dioxide

Figure ES4. U.S. Emissions of Methane by Source,
1990-2003
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Source: Estimates presented in this report.

equivalent or 6.8 percent. Agricultural emissions have
increased by 4.7 percent since 1990.

Methane emissions from waste management sources
include two subcategories: emissions from the anaerobic
decomposition of municipal solid waste in landfills and
emissions from wastewater treatment facilities. Meth-
ane emissions from waste management rose by 1.2 per-
cent, from 158.5 million metric tons carbon dioxide
equivalent in 2002 to 160.4 million metric tons carbon
dioxide equivalent in 2003. Contributing to the increase
was a 1.3-percent increase in emissions from landfills,
which would have been larger but for a 0.3 million
metric ton increase in methane recovery for energy use.
Methane emissions from wastewater increased by
0.8 percent to 15.5 million metric tons carbon dioxide
equivalent. Emissions of methane from waste manage-
ment have declined by 37.2 percent since 1990 as a result
of an increase in the amount of methane recovered from
landfills (5.0 million metric tons more in 2003 than in
1990) that would otherwise have been emitted to the
atmosphere.

The estimates for methane emissions are more uncertain
than those for carbon dioxide. U.S. methane emissions
do not necessarily increase with growth in energy con-
sumption or the economy. Energy-related methane
emissions are strongly influenced by coal production
from a relatively small number of mines; agricultural
emissions are influenced in part by the public’s con-
sumption of milk and beef and in part by animal hus-
bandry practices; and waste management emissions are
influenced by the volumes of municipal waste generated
and recycled, as well as the amount of methane recap-
tured at landfills.

Nitrous Oxide

U.S. nitrous oxide emissions decreased by 0.9 percent
from 2002 to 2003, to 1.1 million metric tons of nitrous
oxide or 320.2 million metric tons carbon dioxide equiv-
alent (4.6 percent of total U.S. greenhouse gas emis-
sions). The 2003 decline in nitrous oxide emissions
resulted mainly from decreases in emissions from agri-
culture (1.9 million metric tons carbon dioxide equiva-
lent) and industrial processes (1.8 million metric tons
carbon dioxide equivalent). Since 1990, U.S. nitrous
oxide emissions have fallen by 2.6 percent. Emissions
estimates for nitrous oxide are more uncertain than
those for either carbon dioxide or methane. Nitrous
oxide is not systematically measured, and for many
sources of nitrous oxide emissions, including nitrogen
fertilization of soils and motor vehicles, a significant
number of assumptions are required for the derivation
of emissions estimates.
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U.S. nitrous oxide emissions include two large catego-
ries of sources, agriculture and energy use, and two
smaller categories, industrial processes and waste man-
agement (Figure ES5). Agricultural sources, at 233.3 mil-
lion metric tons carbon dioxide equivalent, accounted
for 72.9 percent of total U.S. nitrous oxide emissions in
2003. Emissions associated with nitrogen fertilization of
soils, at 172.1 million metric tons carbon dioxide equiva-
lent, accounted for 73.8 percent of nitrous oxide emis-
sions from agriculture. Emissions from the solid waste
of animals, at 60.7 million metric tons carbon dioxide
equivalent, made up 26.0 percent of agricultural nitrous
oxide emissions. Nitrous oxide emissions from agricul-
ture have decreased by 3.2 percent since 1990.

U.S. nitrous oxide emissions associated with fossil fuel
combustion in 2003 were 67.5 million metric tons carbon
dioxide equivalent, or 21.1 percent of total nitrous oxide
emissions. Of these energy-related emissions, 78.1 per-
cent were from mobile sources, principally motor vehi-
cles equipped with catalytic converters. The remainder
were from stationary source combustion of fossil fuels.
Nitrous oxide emissions from energy sources have
increased by 24.4 percent since 1990.

Industrial processes and wastewater treatment facilities
were responsible for 4.2 and 1.8 percent, respectively, of
total nitrous oxide emissions in 2003. Industrial process
emissions decreased by 11.8 percent, from 15.2 million
metric tons carbon dioxide equivalent in 2002 to 13.4
million metric tons carbon dioxide equivalent in 2003.
The decrease can be attributed to a 7.9-percent drop in
U.S. nitric acid production. Emissions of nitrous oxide
from adipic acid production in 2003 were 22.9 percent
lower than in 2002, due in large part to a decrease in
adipicacid production from uncontrolled sources. Emis-
sions from wastewater treatment facilities in 2003 were
6.0 million metric tons carbon dioxide equivalent, an

Figure ES5. U.S. Emissions of Nitrous Oxide
by Source, 1990-2003
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increase of 0.1 million metric tons carbon dioxide equiv-
alent or 0.9 percent from 2002 levels.

Other Gases:
Hydrofluorocarbons,
Perfluorocarbons, and
Sulfur Hexafluoride

HFCs, PFCs, and SF, are three classes of engineered
gases that accounted for 2.1 percent of total U.S. green-
house gas emissions in 2003. At 143.4 million metric tons
carbon dioxide equivalent, their emissions were 0.3 per-
cent lower than in 2002 (143.7 million metric tons). The
decrease in emissions of the engineered gases from 2002
to 2003 resulted largely from an 18-percent reduction in
PFC emissions that counteracted increases in emissions
of HFCs (0.5 percent) and SF (1.6 percent).

At 111.3 million metric tons carbon dioxide equivalent,
emissions of HFCs made up the majority of this cate-
gory, followed by SF, at 17.3 million metric tons carbon
dioxide equivalent and PFCs at 7.3 million metric tons
carbon dioxide equivalent. Another group of engineered
gases, consisting of other HFCs, other PFCs, and per-
fluoropolyethers (PFPEs), includes HFC-152a, HFC-
227ea, HFC-4310mee, and a variety of PFCs and PFPEs.
They are grouped together in this report to protect confi-
dential data. In 2003, their combined emissions totaled
7.1 million metric tons carbon dioxide equivalent. Emis-
sions in this “other” group in 2003 were 5.9 percent
higher than in 2002 and orders of magnitude higher than
in 1990, when emissions were less than 0.3 million met-
ric tons carbon dioxide equivalent. Since 1990, HFC
emissions from U.S. sources have increased by 208.6 per-
cent, PFC emissions have decreased by 62.9 percent, and
SF, emissions have decreased by 47.1 percent.

Emissions of the high-GWP gases specified in the Kyoto
Protocol are very small (at most a few thousand metric
tons). On the other hand, some of the gases (including
PFCs and SF;) have atmospheric lifetimes measured in
the thousands of years, and consequently they are
potent greenhouse gases with GWPs thousands of times
higher than that of carbon dioxide per unit of molecular
weight. Some of the commercially produced HFCs
(134a, 152a, 4310mee, 227ea), which are used as replace-
ments for chlorofluorocarbons (CFCs) and hydrochloro-
fluorocarbons (HCFCs), have shorter atmospheric
lifetimes, ranging from 1 to 33 years.

Land Use and Forestry

Forest lands in the United States are net absorbers of car-
bon dioxide from the atmosphere. Absorption is enabled
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by the reversal of the extensive deforestation of the
United States that occurred in the late 19th and early
20th centuries. Since then, millions of acres of formerly
cultivated land have been abandoned and have returned
to forest, with the regrowth of forests sequestering car-
bon on a large scale. The process is steadily diminishing,
however, because the rate at which forests absorb
carbon slows as the trees mature, and because the
rate of reforestation has slowed. The U.S. Environmental

Protection Agency (EPA) estimates annual U.S. carbon
sequestration for the year 2002 at 690.7 million metric
tons carbon dioxide, representing an offset of 11.9 per-
cent of total 2002 U.S. anthropogenic carbon dioxide
emissions (5,824.8 million metric tons carbon dioxide).
In 1990, land use and forestry carbon sequestration was
equivalent to 957.9 million metric tons carbon dioxide,
or 19.2 percent of total 1990 U.S. anthropogenic carbon
dioxide emissions (4,990.1 million metric tons).*

4Note that EIA does not include sequestration from land-use change and forestry as part of its annual emissions inventory.
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1. U.S. Emissions of Greenhouse Gases:
Background and Context

About This Report

The Energy Information Administration (EIA) is re-
quired by the Energy Policy Act of 1992 to prepare a
report on aggregate U.S. national emissions of green-
house gases for the period 1987-1990, with annual
updates thereafter. This report is the eleventh annual
update, covering national emissions over the period
1990-2002, with preliminary estimates of emissions for
2003. The methods used by EIA to estimate national
emissions of greenhouse gases are subject to continuing
review. As better methods and information become
available, EIA revises both current and historical emis-
sions estimates. Emissions estimates for carbon dioxide
are reported in metric tons of carbon dioxide; estimates
for other gases are reported in metric tons of gas (see
“Units for Measuring Greenhouse Gases,” in the Execu-
tive Summary, page xi) and in carbon dioxide equivalent
units where appropriate. Estimates of total national
emissions in carbon dioxide equivalent units are shown
in Table ES2 on page x.

This introductory chapter briefly summarizes some
background information about global climate change
and the greenhouse effect and reviews recent develop-
ments in global climate change activities. Chapters 2
through 4 cover emissions of carbon dioxide, methane,
and nitrous oxide, respectively. Chapter 5 focuses on
emissions of engineered gases, including hydrofluoro-
carbons, perfluorocarbons, and sulfur hexafluoride.
Chapter 6 describes potential sequestration and emis-
sions of greenhouse gases as a result of land use changes.

What's New

Measures of Greenhouse Gas Intensity

This year, to be consistent with other EIA publications,
we are using chain-weighted 2000 dollars for all calcula-
tions involving gross domestic product (GDP). This
affects greenhouse gas (GHG) intensity calculations,
because economic values expressed in 2000 dollars are
6.9 percent higher than those expressed in 1996 dollars,
which were used in last year’s report. The change to

chain-weighted 2000 dollars does not affect calculations
related to the rate of change in emissions intensity over
time.

Methane

The data sources and methodologies used to estimate
methane emissions from mobile sources for 1990
through 2003 have changed, resulting in revised emis-
sions estimates. Data used to calculate vehicle miles
traveled (VMT) for light-duty vehicles (passenger cars
and light-duty trucks) during the years 1990-2000 are
now based on the most recent Polk data on vehicle
stocks, with VMT modified by the Oak Ridge National
Laboratory (ORNL). The data for 1996-2000 are further
adjusted to incorporate fleet-vehicle data, and the meth-
odology adjusts for the aging population of vehicles by
applying survival curves. These changes also apply to
nitrous oxide emissions. For the years 2001 through
2003, methane emissions from mobile sources are esti-
mated using data from fleet vehicles and econo-
metrically modeled VMT, while also adjusting for the
aging population of vehicles. The data sources replace
those taken historically from subscription publications
such as Wards Automotive Yearbook.

Estimates have also been revised to reflect the inclusion
of methane emissions from organic decomposition in
industrial landfills. Emissions from industrial landfills
are estimated to equal 7 percent of emissions from
municipal solid waste landfills based on a methodology
developed by the U.S. Environmental Protection
Agency (EPA).! Industrial landfills have been included
because the use of more rigorously gathered data on
landfilled municipal solid waste reduces the likelihood
that emissions from industrial landfills will be double
counted in estimates of methane emissions from munici-
pal solid waste.

Nitrous Oxide

The data sources and methodologies used to estimate
nitrous oxide (N,0O) emissions from mobile sources for
1990 through 2003 have been changed in the same way
as described above for methane emissions from mobile

1U.S. Environmental Protection Agency, Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2002, EPA-430-R-04-003 (Washington,
DC, April 2004), web site http://yosemite.epa.gov/oar/globalwarming.nsf/content/ResourceCenterPublicationsGHGEmissionsUS

EmissionsInventory2004.html.
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sources. For the years 2001 through 2003, N,O emissions
from mobile sources are estimated using data from fleet
vehicles and econometrically modeled VMT, while also
adjusting for the aging population of vehicles. The data
sources replace those taken historically from subscrip-
tion publications such as Wards Automotive Yearbook.

Other Gases: HFCs, PFCs, and SF 4

The data presented in Chapter 5 for other gases—
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs),
and sulfur hexafluoride (SF;)—are provided by the EPA.
Revisions in historical emissions estimates for specific
sources are explained below:

¢ Electricity Transmission and Distribution. The
changes in calculations of emissions from electricity
transmission and distribution include both a revised
methodology and updated activity data for 1990
through 1998. The revised methodology accounts
for the quantity of SF, that is recaptured and/or
released from operating electrical equipment, rather
than assuming all SF, was released at the time of its
initial installation into the equipment. The method-
ology assumes that only 22.5 percent of the SF, is
emitted at the time of its installation and the remain-
ing 77.5 percent is emitted over a 30-year period.
The activity data were updated in two ways: first,
with the results of a survey of SF, manufacturers
conducted in 2002 by the RAND Corporation; and
second, with revised data received from partici-
pants in the EPA’s SF; Emission Reduction Partner-
ship for Electric Power Systems, which led to
updated regression equations and extrapolations to
non-reporting partners. These revisions resulted in
a decrease in estimated SF, emissions from electric
power systems of 9.0 percent for 1990, 18.2 percent
for 1998, and 3.3 percent for 2001; and an increase in
estimated emissions of 1.4 percent in 2000.

* Magnesium Production and Processing. The emis-
sions estimates in this report were revised to reflect
new historical data supplied by participants in
EPA’s SF, Emission Reduction Partnership for the
Magnesium Industry. This change resulted in a
decrease of about 0.5 percent in estimated SF, emis-
sions for 2001.

* Substitution of Ozone-Depleting Substances. The
EPA updated assumptions for its Vintaging Model
pertaining to market trends in chemicals and chemi-
cal substitutes. These changes resulted in an average
annual increase of 9.1 percent in HFC and PFC emis-
sions for the period 1990 through 2001.

* Aluminum Production. In cooperation with the
EPA’s Voluntary Aluminum Industrial Partnership
program, participants provided additional smelter-
specific information on aluminum production and
emission factors. The new information resulted in a
decrease in PFC emissions of 1.0 percent for 1990
through 1994, an increase of 12.0 percent for 2000,
and a decrease of 4.0 percent for 2001.

* Semiconductor Manufacture. The EPA updated
activity data provided by participants in EPA’s PFC
Reduction/Climate Partnership for the Semicon-
ductor Industry, as well as its PFC Emissions Vin-
taging Model (PEVM), which estimates emissions
from entities that do not participate in the partner-
ship program. The EPA also revised its methodol-
ogy for estimating the historical distribution of
emissions among HFCs, PFCs, and SF, by incorpo-
rating market information on sales volumes that
was obtained in surveys. These updates resulted in
an average decrease in emissions estimates from
semiconductor manufacture of 9 percent for 1995
through 2001.

Land Use Issues

The U.S. Forest Service provides the data for net carbon
dioxide fluxes due to changes in carbon stocks in forests,
urban trees, agricultural soil, and landfilled yard trim-
mings. This year, updates are provided on treatment of
land use issues under current climate change negotia-
tions, scientific research detailing uncertainty in the abil-
ity of forest soils to store carbon, and the status of carbon
dioxide capture and geologic storage technologies.

U.S. Emissions in a
Global Perspective

It is estimated that U.S. energy-related carbon dioxide
emissions in 2001 totaled 5,692 million metric tons.2
To put U.S. emissions in a global perspective, total
energy-related carbon dioxide emissions for the world
in 2001 are estimated at 23,899 million metric tons, mak-
ing U.S. emissions about 24 percent of the world total
(Table 1). Emissions for the industrialized world (North
America, Western Europe, and Industrialized Asia) in
2001 are estimated at 11,634 million metric tons, or about
49 percent of the world total, implying that U.S. emis-
sions represent about 49 percent of the energy-related
carbon dioxide emissions from the industrialized world.
The remaining 51 percent of 2001 worldwide energy-
related carbon dioxide emissions come from developing

2Energy Information Administration, International Energy Outlook 2004, DOE /EIA-0484(2004) (Washington, DC, April 2004). The esti-
mate of U.S. emissions has been revised to 5,707.3 million metric tons carbon dioxide, but because emissions estimates for the rest of the
world have not been similarly revised, this calculation uses the earlier estimate for consistency. Emissions of gases other than energy-related
carbon dioxide are difficult to estimate for the developing world; however, emissions related to fossil fuel consumption are likely to make

up 80 to 85 percent of all greenhouse gas emissions.
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Table 1. World Carbon Dioxide Emissions by Region, 1990-2025
(Million Metric Tons Carbon Dioxide)

History Projections Average Annual
Percent Change,
Region/Country 1990 2000 2001 2010 2015 2020 2025 2001-2025
Industrialized Countries
North America. . . ............ 5,769 6,731 6,613 7,677 8,255 8,876 9,659 1.6
United States®. . ............. 4,989 5,787 5,692 6,559 7,028 7,536 8,142 15
Canada.................... 473 581 569 686 734 776 830 1.6
MexiCo .. ........oiii... 308 364 352 433 492 565 687 2.8
Western Europe . ............ 3,412 3,442 3,465 3,567 3,682 3,832 4,022 0.6
United Kingdom . ............ 600 553 563 608 642 665 692 0.9
France .................... 374 401 396 390 398 400 412 0.2
Germany................... 995 828 819 851 874 943 969 0.7
taly. ... ... oo i 415 443 445 486 504 522 540 0.8
Netherlands . ............... 211 228 248 263 272 279 286 0.6
Other Western Europe . .. ... .. 816 989 994 969 992 1,021 1,123 0.5
Industrialized Asia . .. ........ 1,280 1,526 1,556 1,694 1,770 1,840 1,962 1.0
Japan . ... 987 1,138 1,158 1,239 1,274 1,300 1,356 0.7
Australia/New Zealand . . . ... .. 294 387 398 455 497 541 605 1.8
Total Industrialized. . . ... ... 10,462 11,699 11,634 12,938 13,708 14,548 15,643 1.2
EE/FSU
Former Soviet Union ......... 3,798 2,338 2,399 2,600 2,840 3,118 3,393 15
Russia .................... 2,405 1,570 1,614 1,792 1,913 2,059 2,186 1.3
OtherFSU ................. 1,393 767 785 808 927 1,059 1,207 1.8
Eastern Europe. . ............ 1,104 756 748 797 827 888 920 0.9
Total EE/FSU. . ............. 4,902 3,094 3,148 3,397 3,667 4,006 4,313 1.3
Developing Countries
Developing Asia . . ........... 3,994 5,709 6,012 7,647 8,863 10,240 11,801 2.9
China..................... 2,262 2,861 3,050 4,063 4,824 5,693 6,666 3.3
India...................... 561 914 917 1,141 1,341 1,575 1,834 2.9
SouthKorea................ 234 425 443 563 620 662 720 2.0
OtherAsia ................. 937 1,509 1,602 1,881 2,078 2,310 2,581 2.0
MiddleEast................. 846 1,262 1,299 1,566 1,729 1,910 2,110 2.0
Turkey . ... .o 129 184 184 249 280 309 340 2.6
Other Middle East. . .......... 717 1,078 1,115 1,317 1,448 1,601 1,770 1.9
Africa.......... ... ... ... 656 811 843 971 1,110 1,259 1,413 2.2
Central and South America. . . . 703 961 964 1,194 1,358 1,578 1,845 2.7
Brazil .......... ... . ... ... 250 343 347 451 531 617 720 3.1
Other Central/South America. . . 453 618 617 744 827 961 1,125 25
Total Developing .......... 6,200 8,744 9,118 11,379 13,060 14,987 17,168 2.7
TotalWorld . . ................ 21,563 23,536 23,899 27,715 30,435 33,541 37,124 1.9

aIncludes the 50 States and the District of Columbia.

Notes: EE/FSU = Eastern Europe/Former Soviet Union. The U.S. numbers include carbon dioxide emissions attributable to renew-
able energy sources.

Sources: History: Energy Information Administration (EIA), International Energy Annual 2001, DOE/EIA-0219(2001) (Washing-
ton, DC, February 2003), web site www.eia.doe.gov/ieal. Projections: EIA, Annual Energy Outlook 2004, DOE/EIA-0383(2004)
(Washington, DC, January 2004), Table A19; and International Energy Outlook 2004, DOE/EIA-0484(2004) (Washington, DC, April
2004), Table A9.
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countries (9,118 million metric tons) and the former
Soviet Union and Eastern Europe (3,148 million metric
tons). By 2025, however, the U.S. share of total world
emissions is projected to fall to 22 percent (8,142 million
metric tons out of a global total of 37,124 million metric
tons). The reason for the expected decline in the U.S.
share is that energy-related carbon dioxide emissions
from the developing countries are projected to increase
at an annual rate of 2.7 percent, while emissions from
the industrialized countries increase by 1.2 percent
annually.

From an economic perspective, U.S. GDP in 2001 was
$9,394 billion (in constant 1997 dollars), compared with
an estimated global total GDP of $32,354 billion. Thus,
the U.S. share of world economic output in 2001 was
about 29 percent. In 2025, when the world’s total GDP is
projected to be $65,574 billion, U.S. share is projected to
be $18,881 billion, or still about 29 percent. In other
words, the United States is projected to maintain its
share of economic output while its share of global emis-
sions shrinks.

The Greenhouse Effect and
Global Climate Change

The Earth is warmed by radiant energy from the Sun.
Over time, the amount of energy transmitted to the
Earth’s surface is equal to the amount of energy
re-radiated back into space in the form of infrared radia-
tion, and the temperature of the Earth’s surface stays
roughly constant; however, the temperature of the Earth
is strongly influenced by the existence, density, and
composition of its atmosphere. Many gases in the
Earth’s atmosphere absorb infrared radiation re-
radiated from the surface, trapping heat in the lower
atmosphere. Without the natural greenhouse effect, it is
likely that the average temperature of the Earth’s surface
would be on the order of -19° Celsius, rather than the
+14° Celsius actually observed.? The gases that help trap
the Sun’s heat close to the Earth’s surface are referred to
as “greenhouse gases.” All greenhouse gases absorb
infrared radiation (heat) at particular wavelengths.

The most important greenhouse gases are water vapor
(H,0), carbon dioxide (CO,), methane (CH,), nitrous
oxide (N,O), and several engineered gases, such as
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs),
and sulfur hexafluoride (SFy). Water vapor is by far the
most common, with an atmospheric concentration of
nearly 1 percent, compared with less than 0.04 percent
for carbon dioxide. The effect of human activity on
global water vapor concentrations is considered negligi-
ble, however, and anthropogenic (human-made) emis-
sions of water vapor are not factored into national
greenhouse gas emission inventories for the purposes of
meeting the requirements of the United Nations Frame-
work Convention on Climate Change (UNFCCC) or the
Kyoto Protocol.# Concentrations of other greenhouse
gases, such as methane and nitrous oxide, are a fraction
of that for carbon dioxide (Table 2).

Scientists recognized in the early 1960s that concentra-
tions of carbon dioxide in the Earth’s atmosphere were
increasing every year. Subsequently, they discovered
that atmospheric concentrations of methane, nitrous
oxide, and many engineered greenhouse gas chemicals
also were rising. Because current concentrations of
greenhouse gases keep the Earth at its present tempera-
ture, scientists began to postulate that increasing con-
centrations of greenhouse gases would make the Earth
warmer.

In computer-based simulation models, rising concentra-
tions of greenhouse gases nearly always produce an
increase in the average temperature of the Earth. Rising
temperatures may, in turn, produce changes in weather
and in the level of the oceans that might prove disrup-
tive to current patterns of land use and human settle-
ment, as well as to existing ecosystems. To date,
however, it has proven difficult to disentangle the
human impact on climate from normal temporal and
spatial variations in temperature on both a global scale
and geologic timeframe. The most recent report of the
Intergovernmental Panel on Climate Change (IPCC), an
international assemblage of scientists commissioned
by the United Nations to assess the scientific, technical,
and socioeconomic information relevant for the under-
standing of the risk of human-induced climate change,

3Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University Press,
2001), pp- 89-90. See also web site www.ipcc.ch.

4The UNFCCC, which “entered into force” in 1994, called on Annex I countries, including the United States, to return their greenhouse
gas emissions to 1990 levels by the year 2000. The Kyoto Protocol, adopted in December 1997, is a set of quantified greenhouse gas emissions
targets for Annex I countries for the 2008 to 2012 commitment period that are collectively about 5 percent lower than the 1990 emissions of
those countries. The Protocol requires 55 countries and Annex I signatories with carbon dioxide emissions totaling 55 percent of total 1990
Annex I emissions to ratify the Protocol. Annex I nations include Australia, Austria, Belgium, Bulgaria, Canada, Croatia, Czech Republic,
Denmark, European Union, Estonia, Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Italy, Japan, Latvia, Liechtenstein, Lith-
uania, Luxembourg, Monaco, Netherlands, New Zealand, Norway, Poland, Portugal, Romania, Russian Federation, Slovakia, Slovenia,
Spain, Sweden, Switzerland, Ukraine, United Kingdom, and the United States. The United States, at UNFCCC negotiations in Bonn, Ger-
many, in July 2001, indicated that it considers the Kyoto Protocol to be flawed and stated that it had no plans to ratify the Protocol. Russia,
however, ratified the Protocol in November 2004. It will enter into force in February 2005, because signatories now account for 61 percent of
1990 Annex I emissions.
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Table 2. Global Atmospheric Concentrations of Selected Greenhouse Gases

Carbon Nitrous Sulfur Perfluoro -
Dioxide Methane Oxide Hexafluoride methane
ltem (parts per million) (parts per trillion)
Pre-industrial (1750) Atmospheric Concentration. . 278 0.700 0.270 0 40
1998 Atmospheric Concentration. . ............ 365 1.745 0.314 4.2 80
Average Annual Change, 1990-1999........... 152 0.0072 0.0008 0.2 1.0
Atmospheric Lifetime (Years)................. 50-200P 12¢ 114¢ 3,200 >50,000

The rate has fluctuated between 0.9 and 2.8 parts per million per year for CO, and between 0 and 0.013 parts per million per year

for methane over the 1990-1999 period.

bNo single lifetime can be defined for CO, because uptake rates differ for different removal processes.
This lifetime has been defined as an “adjustment time” that takes into account the indirect effect of the gas on its own residence

time.

Source: Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge

University Press, 2001), pp. 38 and 244.

estimates that the global average surface temperature
has increased by 0.6 + 0.2°C since the late 19th century.’
The IPCC goes on to conclude that: “There is new and
stronger evidence that most of the warming observed
over the last 50 years is attributable to human activi-
ties.”®

In the aftermath of the IPCC report, the Domestic Policy
Council, in May 2001 as part of its review of U.S. policy
on climate change, requested that the National Acad-
emy of Sciences identify areas of uncertainty in the sci-
ence of climate change, as well as review the IPCC report
and summaries.” The National Academy of Sciences
commissioned the National Research Council to carry
out this review. The National Research Council in issu-
ing its findings appeared to agree with some of the IPCC
conclusions, but also seemed to suggest that further
work needs to be done in identifying the impacts of nat-
ural climatic variability and reducing the uncertainty
inherent in climate change modeling. Among the
National Research Council findings are the following:8

Greenhouse gases are accumulating in Earth’s atmo-
sphere as a result of human activities, causing surface
air temperatures and subsurface ocean temperatures to
rise. Temperatures are, in fact, rising. The changes
observed over the last several decades are likely mostly
due to human activities, but we cannot rule out that
some significant part of these changes is also a reflection
of natural variability.

Because there is considerable uncertainty in current
understanding of how the climate system varies

naturally and reacts to emissions of greenhouse gases
and aerosols, current estimates of the magnitude of
future warming should be regarded as tentative and
subject to future adjustments (either upward or
downward).

The committee generally agrees with the assessment of
human-caused climate change presented in the IPCC
Working Group I (WGI) scientific report, but seeks here
to articulate more clearly the level of confidence that can
be ascribed to those assessments and the caveats that
need to be attached to them.

Greenhouse Gas Sources and Sinks

Most greenhouse gases have both natural and human-
made emission sources. There are, however, significant
natural mechanisms (land-based or ocean-based sinks)
for removing them from the atmosphere. However,
increased levels of anthropogenic emissions have
pushed the total level of greenhouse gas emissions (both
natural and anthropogenic) above the natural absorp-
tion rates for these gases. This positive imbalance
between emissions and absorption has resulted in the
continuing growth in atmospheric concentrations of
these gases. Table 3 illustrates the relationship between
anthropogenic and natural emissions and absorption of
the principal greenhouse gases on an annual average
basis during the 1990s.

Water Vapor. Water vapor, as noted above, is the most
common greenhouse gas present in the atmosphere. It is
emitted into the atmosphere in enormous volumes

5Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University Press,

2001), p. 26.

®Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University Press,

2001), p. 10.

7National Research Council, Climate Change Science, An Analysis of Some Key Questions (Washington, DC: National Academy Press, 2001),
Apgendix A, “Letter from the White House,” p. 27, web site http:/ /nap.edu/html/climatechange/.
National Research Council, Climate Change Science, An Analysis of Some Key Questions (Washington, DC: National Academy Press, 2001),

p- 1, web site http:/ /nap.edu/html/climatechange/.
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U.S. Greenhouse Gas Emissions: Background and Context

Table 3. Global Natural and Anthropogenic Sources and Absorption of Greenhouse Gases in the 1990s

Sources Annual Increase in Gas

Gas Natural | Human-Made | Total Absorption in the Atmosphere
Carbon Dioxide
(Million Metric Tons of Gas)* .. ......... 770,000 23,100 793,100 781,400 11,700
Methane
(Million Metric Tonsof Gas)” . .......... 239 359 598 576 22
Nitrous Oxide
(Million Metric Tonsof Gas)® ........... 9.5 6.9 16.4 12.6 3.8

aCarbon dioxide natural source and absorption of 770,000 million metric tons carbon dioxide, based on balanced flux of 40,000 mil-
lion metric tons between land and atmosphere and 330,000 million metric tons between oceans and atmosphere, from Intergovern-
mental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University Press, 2001),
Figure 3.1, p. 188. Human-made emissions of 23,100 million metric tons and distribution of those emissions (atmospheric absorption
11,700 million metric tons, ocean absorption 6,200 million metric tons, and land absorption 5,100 million metric tons), taken from
Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University
Press, 2001), p. 39.

bMethane total sources, absorption, and annual atmospheric increases from Intergovernmental Panel on Climate Change, Cli-
mate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University Press, 2001), Table 4.2, p. 250. Distinction between
natural and human-made sources based on the assumption that 60 percent of total sources are anthropogenic, from Intergovern-
mental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University Press, 2001),
p. 248.

°Nitrous oxide total and human-made sources, absorption, and atmospheric increases from Intergovernmental Panel on Climate
Change, Climate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge University Press, 2001), Table 4.4, p. 252. Nitrous
oxide natural sources (9.5 million metric tons of gas) derived by subtracting human-made sources from total sources.

Source: Intergovernmental Panel on Climate Change, Climate Change 2001: The Scientific Basis (Cambridge, UK: Cambridge

University Press, 2001).

through natural evaporation from oceans, lakes, and
soils and is returned to Earth in the form of rain and
snow. The recent IPCC report, however, cites a possible
positive feedback from increased water vapor formation
due to increased warming caused by rising atmospheric
CO, concentrations.” Elevated atmospheric tempera-
tures increase the water-holding capability of the atmo-
sphere. According to some of the IPCC emission
scenarios, higher water vapor content could double the
predicted atmospheric warming above what it would be
if water vapor concentration stayed constant. These sce-
narios, however, have an element of uncertainty due to
the possible countervailing effect of increased cloud for-
mation, which can act to cool the planet by absorbing
and reflecting solar radiation or warm the planet
through the emission of long-wave radiation. According
to the IPCC, increases in atmospheric temperatures
would not necessarily result in increased concentrations
of water vapor, because most of the atmosphere today is
undersaturated.

Carbon Dioxide. Carbon is a common element on the
planet, and immense quantities can be found in the
atmosphere, in soils, in carbonate rocks, and dissolved
in ocean water. All life on Earth participates in the
“carbon cycle,” by which carbon dioxide is extracted

from the air by plants and decomposed into carbon and
oxygen, with the carbon being incorporated into plant
biomass and the oxygen released to the atmosphere.
Plant biomass, in turn, ultimately decays (oxidizes),
releasing carbon dioxide back into the atmosphere or
storing organic carbon in soil or rock. There are vast
exchanges of carbon dioxide between the ocean and the
atmosphere, with the ocean absorbing carbon from the
atmosphere and plant life in the ocean absorbing carbon
from water, dying, and spreading organic carbon on the
sea bottom, where it is eventually incorporated into car-
bonate rocks such as limestone.

Records from Antarctic ice cores indicate that the carbon
cycle has been in a state of imbalance for the past 200
years, with emissions of carbon dioxide to the atmo-
sphere exceeding absorption. Consequently, carbon
dioxide concentrations in the atmosphere have been
steadily rising. Because of its relative abundance, total
carbon dioxide in the atmosphere has a radiative forcing
value of 1.46 watts per square meter.10 (See page 11 for a
discussion of radiative forcing.) According to the IPCC,
before 1750, atmospheric carbon dioxid