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Units

• 1 Pg = 1 Petagram = 1x1015g = 1 Billion metric tons = 1 Gigaton

• 1 Tg = 1 Teragram = 1x1012g = 1 Million metric tons 

• 1 Kg Carbon (C) = 3.67 Kg Carbon Dioxide (CO2 )



Fossil Fuel CO2 Emissions

Friedlingstein et al. 2010, Nature Geoscience; Gregg Marland, Thomas Boden-CDIAC 2010

2009:   
Emissions:8.4±0.5 PgC
Growth rate: -1.3%
1990 level: +37%

2000-2008
Growth rate: +3.2%

2010 (projected):
Growth rate: >3%
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Fossil Fuel CO2 Emissions: Top Emitters

Global Carbon Project  2010; Data: Gregg Marland, Tom Boden-CDIAC 2010 
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Fossil Fuel CO2 Emissions: Profile Examples

Global Carbon Project  2010; Data: Gregg Marland, Tom Boden- CDIAC 2010 
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Updated from Le Quéré et al. 2009, Nature Geoscience; CDIAC 20010

Fossil Fuel CO2 Emissions

Time (y)
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Top 20 CO2 Emitters & Per Capita Emissions 2009

Global Carbon Project 2010; Data: Gregg Marland, Thomas Boden-CDIAC 2010; Population World Bank 2010
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CO2 Emissions by Fossil Fuel Type

Updated from Le Quéré et al. 2009, Nature Geoscience; Data: Gregg Marland, Thomas Boden-CDIAC 2010 
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Change in CO2 Emissions from Coal (2007 to 2009)

Global Carbon Project 2010; Data: Gregg Marland, Thomas Boden-CDIAC 2010 
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Fossil Fuel Emissions: Actual vs. IPCC Scenarios

Updated from Raupach et al. 2007, PNAS; Data: Gregg Marland, Thomas Boden-CDIAC 
2010; International Monetary Fund 2010 
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Davis & Caldeira 2010, PNAS; See also Peters & Hertwich 2008, Environ, Sci & Tech.

Fluxes of Emissions Embodied in Trade (Mt CO2 y-1)

From dominant net exporting countries (blue) to dominant net importing countries (red).

Year 2004



Updated from Le Quéré et al. 2009, Nature Geoscience

CO2 Emissions from FF and LUC (1960-2009)

LUC emissions now
~10% of total CO2 emissions
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CO2 Emissions from Land Use Change

Friedlingstein et al. 2010, Nature Geoscience; Data: RA Houghton, GFRA 2010
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Emissions from Land Use Change (1850-2009)

R.A. Houghton 2010, personal communication; GFRA 2010 
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Emissions from Land Use Change (1850-2009)

R.A. Houghton 2010, personal communication; GFRA 2010 
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Fire Emissions from Deforestation Zones

van der Werf et al. 2010, Atmospheric Chemistry and Physics Discussions
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Atmospheric CO2 Concentration 

Data Source: Pieter Tans and Thomas Conway, 2010, NOAA/ESRL

1970 – 1979: 1.3 ppm y-1 

1980 – 1989: 1.6 ppm y1

1990 – 1999: 1.5 ppm y-1 

2000 - 2009: 1.9 ppm y-1

2009 1.62
2008 1.80
2007 2.14
2006 1.84
2005 2.39
2004 1.60
2003 2.19
2002 2.40
2001 1.89
2000 1.22

December  2009: 387.2 ppm
September 2010 (preliminary): 389.2 ppm
39% above pre-industrial
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Updated from Le Quéré et al. 2009, Nature Geoscience; Data: NOAA 2010, CDIAC 2010

Key Diagnostic of the Carbon Cycle
Evolution of the fraction of total emissions that remain in the atmosphere
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Fraction of total CO2 emissions that remains in the atmosphere
Airborne Fraction

Updated from Le Quéré et al. 2009, Nature Geoscience; Raupach et al. 2008, 
Biogeosciences; Canadell et al. 2007, PNAS
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Modelled Natural CO2 Sinks

Updated from Le Quéré et al. 2009, Nature Geoscience
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Global Carbon Project 2010; Updated from Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS

Human Perturbation of the Global Carbon Budget
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Human Perturbation of the Global Carbon Budget

Global Carbon Project 2010; Updated from Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS
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Human Perturbation of the Global Carbon Budget

Time (y)

Global Carbon Project 2010; Updated from Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS
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Human Perturbation of the Global Carbon Budget

Global Carbon Project 2010; Updated from Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS
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Human Perturbation of the Global Carbon Budget

Global Carbon Project 2010; Updated from Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS
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Human Perturbation of the Global Carbon Budget

Global Carbon Project 2010; Updated from Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS
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Fate of Anthropogenic CO2 Emissions (2000-2009)

1.1±0.7 PgC y-1

+7.7±0.5 PgC y-1

2.4 PgC y-1

27%
Calculated as the residual of 

all other flux components

4.1±0.1 PgC y-1

47%

26%
2.3±0.4 PgC y-1

Average of 5 models

Global Carbon Project 2010; Updated from Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS



Global Carbon Project 2010

Anthropogenic Global Carbon Dioxide Budget
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