
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. 10–13). 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. 

About 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.

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

Figure 1. Global Atmospheric 
Concentrations of Carbon 
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.
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Trend lines and data sources:
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EPICA Dome C, Antarctica: 647,426 BC to 
411,548 BC (Siegenthaler et al., 2005)

Vostok Station, Antarctica: 415,157 BC to 
339 BC (Barnola et al., 2003)

EPICA Dome C, Antarctica: 9002 BC to 
1515 AD (Flückiger et al., 2002)

Law Dome, Antarctica, 75-year 
smoothed: 1010 AD to 1975 AD 
(Etheridge et al., 1998)

Siple Station, Antarctica: 1744 AD to 
1953 AD (Neftel et al., 1994) 

Mauna Loa, Hawaii: 1959 AD to 2009 AD 
(NOAA, 2010)

Barrow, Alaska: 1974 AD to 2008 AD 
(NOAA, 2009)

Cape Matatula, American Samoa: 1976 
AD to 2008 AD (NOAA, 2009)

South Pole, Antarctica: 1976 AD to 2008 
AD (NOAA, 2009)

Cape Grim, Australia: 1992 AD to 2006 
AD (Steele et al., 2007)

Lampedusa Island, Italy: 1993 AD to 
2000 AD (Chamard et al., 2001)

Shetland Islands, Scotland: 1993 AD to 
2002 AD (Steele et al., 2007)
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Figure 2. Global Atmospheric 
Concentrations 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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EPICA Dome C, Antarctica: 646,729 BC 
to 1888 AD (Spahni et al., 2005)

Vostok Station, Antarctica: 415,172 BC 
to 346 BC (Petit et al., 1999)

Greenland GISP2 ice core: 87,798 BC to 
8187 BC (Blunier and Brook, 2001)

Byrd Station, Antarctica: 85,929 BC to 
6748 BC (Blunier and Brook, 2001)

Greenland GRIP ice core: 46,933 BC to 
8129 BC (Blunier and Brook, 2001)

EPICA Dome C, Antarctica: 8945 BC to 
1760 AD (Flückiger et al., 2002)

Law Dome, Antarctica: 1008 AD to 1980 
AD (Etheridge et al., 2002)

Various Greenland locations: 1075 AD 
to 1885 AD (Etheridge et al., 2002)

Greenland Site J: 1598 AD to 1951 AD 
(WDCGG, 2005)

Cape Grim, Australia: 1984 AD to 2008 AD 
(NOAA, 2009a)

Mauna Loa, Hawaii: 1987 AD to 2008 AD 
(NOAA, 2009b)

Shetland Islands, Scotland: 1993 AD to 
2001 AD (Steele et al., 2002)
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Measurement locations:
(Please see Endnotes for complete list of data sources)10

EPICA Dome C, Antarctica:  
647,426 BC to 411,548 BC

�Vostok Station, Antarctica: 415,157 BC to 339 BC

EPICA Dome C, Antarctica: 9002 BC to 1515 AD

Measurement locations:
(Please see Endnotes for complete list of data sources)11

EPICA Dome C, Antarctica:  
646,729 BC to 1888 AD

Vostok Station, Antarctica: 415,172 BC to 346 BC

Greenland GISP2 ice core: 87,798 BC to 8187 BC
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Atmospheric Concentrations of Greenhouse Gases

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.12

•	 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.13

•	 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 1 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.14

•	 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.
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Vostok Station, Antarctica: 415,157 BC to 
339 BC (Barnola et al., 2003)

EPICA Dome C, Antarctica: 9002 BC to 
1515 AD (Flückiger et al., 2002)

Law Dome, Antarctica, 75-year 
smoothed: 1010 AD to 1975 AD 
(Etheridge et al., 1998)

Siple Station, Antarctica: 1744 AD to 
1953 AD (Neftel et al., 1994) 

Mauna Loa, Hawaii: 1959 AD to 2009 AD 
(NOAA, 2010)

Barrow, Alaska: 1974 AD to 2008 AD 
(NOAA, 2009)

Cape Matatula, American Samoa: 1976 
AD to 2008 AD (NOAA, 2009)

South Pole, Antarctica: 1976 AD to 2008 
AD (NOAA, 2009)

Cape Grim, Australia: 1992 AD to 2006 
AD (Steele et al., 2007)

Lampedusa Island, Italy: 1993 AD to 
2000 AD (Chamard et al., 2001)

Shetland Islands, Scotland: 1993 AD to 
2002 AD (Steele et al., 2007)
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Trend lines and data sources:
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EPICA Dome C, Antarctica: 646,729 BC 
to 1888 AD (Spahni et al., 2005)

Vostok Station, Antarctica: 415,172 BC 
to 346 BC (Petit et al., 1999)

Greenland GISP2 ice core: 87,798 BC to 
8187 BC (Blunier and Brook, 2001)

Byrd Station, Antarctica: 85,929 BC to 
6748 BC (Blunier and Brook, 2001)

Greenland GRIP ice core: 46,933 BC to 
8129 BC (Blunier and Brook, 2001)

EPICA Dome C, Antarctica: 8945 BC to 
1760 AD (Flückiger et al., 2002)

Law Dome, Antarctica: 1008 AD to 1980 
AD (Etheridge et al., 2002)

Various Greenland locations: 1075 AD 
to 1885 AD (Etheridge et al., 2002)

Greenland Site J: 1598 AD to 1951 AD 
(WDCGG, 2005)

Cape Grim, Australia: 1984 AD to 2008 AD 
(NOAA, 2009a)

Mauna Loa, Hawaii: 1987 AD to 2008 AD 
(NOAA, 2009b)

Shetland Islands, Scotland: 1993 AD to 
2001 AD (Steele et al., 2002)
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to 1888 AD (Spahni et al., 2005)

Vostok Station, Antarctica: 415,172 BC 
to 346 BC (Petit et al., 1999)

Greenland GISP2 ice core: 87,798 BC to 
8187 BC (Blunier and Brook, 2001)

Byrd Station, Antarctica: 85,929 BC to 
6748 BC (Blunier and Brook, 2001)

Greenland GRIP ice core: 46,933 BC to 
8129 BC (Blunier and Brook, 2001)

EPICA Dome C, Antarctica: 8945 BC to 
1760 AD (Flückiger et al., 2002)

Law Dome, Antarctica: 1008 AD to 1980 
AD (Etheridge et al., 2002)

Various Greenland locations: 1075 AD 
to 1885 AD (Etheridge et al., 2002)

Greenland Site J: 1598 AD to 1951 AD 
(WDCGG, 2005)

Cape Grim, Australia: 1984 AD to 2008 AD 
(NOAA, 2009a)

Mauna Loa, Hawaii: 1987 AD to 2008 AD 
(NOAA, 2009b)

Shetland Islands, Scotland: 1993 AD to 
2001 AD (Steele et al., 2002)
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(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.15

Figure 3. Global Atmospheric 
Concentrations 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.
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Trend lines and data sources:
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Greenland GISP2 ice core: 104,301 BC to 
1871 AD (Sowers et al., 2003)

Taylor Dome, Antarctica: 30,697 BC to 
497 BC (Sowers et al., 2003)

EPICA Dome C, Antarctica: 9000 BC to 
1780 AD (Flückiger et al., 2002)

Antarctica: 1756 AD to 1964 AD 
(Machida et al., 1995)

Antarctica: 1903 AD to 1976 AD (Battle 
et al., 1996)

Cape Grim, Australia: 1979 AD to 2008 
AD (AGAGE, 2009)

South Pole, Antarctica: 1998 AD to 2009 
AD (NOAA, 2010)

Barrow, Alaska: 1999 AD to 2009 AD 
(NOAA, 2010)

Mauna Loa, Hawaii: 2000 AD to 2009 AD 
(NOAA, 2010)
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Atmospheric Concentrations of Greenhouse Gases  (continued)

Figure 4. Global Atmospheric 
Concentrations of Selected 
Halocarbons, 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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Measurement locations:
(Please see Endnotes for complete list of data sources)16

Greenland GISP2 ice core:  
104,301 BC to 1871 AD

Taylor Dome, Antarctica: 30,697 BC to 497 BC 

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.

http://www.epa.gov/climatechange/science/recentac.html
http://www.epa.gov/climatechange/science/recentac.html
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Antarctica: 1903 AD to 1976 AD (Battle 
et al., 1996)
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AD (AGAGE, 2009)

South Pole, Antarctica: 1998 AD to 2009 
AD (NOAA, 2010)

Barrow, Alaska: 1999 AD to 2009 AD 
(NOAA, 2010)

Mauna Loa, Hawaii: 2000 AD to 2009 AD 
(NOAA, 2010)

1950 1960 1970 1980 1990 2000 2010

0

50

100

150

200

250

300

350

0

50

100

150

200

250

300

350

0

50

100

150

200

250

300

350

-120,000 -100,000 -80,000 -60,000 -40,000 -20,000 0

10,000 BC to 2009 AD104,301 BC to 2009 AD 1950 AD to 2009 AD

Ni
tro

us
 o

xi
de

 c
on

ce
nt

ra
tio

n 
(p

pb
)

Ni
tro

us
 o

xi
de

 c
on

ce
nt

ra
tio

n 
(p

pb
)

Ni
tro

us
 o

xi
de

 c
on

ce
nt

ra
tio

n 
(p

pb
)

Year (negative values = BC) Year (negative values = BC) Year

Trend lines and data sources:

-10,000 -8000 -6000 -4000 -2000 0 2000

Greenland GISP2 ice core: 104,301 BC to 
1871 AD (Sowers et al., 2003)

Taylor Dome, Antarctica: 30,697 BC to 
497 BC (Sowers et al., 2003)

EPICA Dome C, Antarctica: 9000 BC to 
1780 AD (Flückiger et al., 2002)

Antarctica: 1756 AD to 1964 AD 
(Machida et al., 1995)

Antarctica: 1903 AD to 1976 AD (Battle 
et al., 1996)

Cape Grim, Australia: 1979 AD to 2008 
AD (AGAGE, 2009)

South Pole, Antarctica: 1998 AD to 2009 
AD (NOAA, 2010)
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Mauna Loa, Hawaii: 2000 AD to 2009 AD 
(NOAA, 2010)
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