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Why? 

u CO2 is responsible for 60% of human-induced climate change

u The amount of CO2 in the atmosphere depends on

ÅEmissions ïfossil fuel burning, land use change

ÅNatural processes ïCO2 sinks in land and ocean

Atmospheric CO2 record
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This study

ÅMost comprehensive synthesis of CO2 sources and sinks to date

ÅExtensive use of economic and land-use change data

ÅAtmosphere and ocean CO2 measurements

Å9 models of land and ocean CO2 sinks

Å31 authors from 7 countries



This outline

u Trends in CO2 emissions from fossil fuels

u Trends in CO2 emissions from deforestation

u Natural CO2 sinks in land and oceans



Fossil fuel
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Le Quéré et al. 2009, Nature Geoscience; Data: CDIAC, FAO, Woods Hole Research Center 2009

Total human-induced CO2 emissions

2% growth in 2008

3.5% per year growth 

from 2000 to 2008



Fossil fuel

Deforestation
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Deforestation: 

15% of total CO2

emissions during 

2000-2008

Le Quéré et al. 2009, Nature Geoscience; Data: CDIAC, FAO, Woods Hole Research Center 2009

Total human-induced CO2 emissions

Signs of a 

decreasing trend
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Raupach et al 2007 (PNAS) with updataed data from CDIAC and IEA
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Raupach et al 2007 (PNAS) with updataed data from CDIAC and IEA, and extrapolations with GDP-ppp from WEO



Peters & Hetwich 2009; Peters et al. 2008; Weber et al 2008; Guan et al. 2008; CDIAC 2009; 

Le Quéré et al. 2009, Nature Geoscuience, in press
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Peters & Hetwich 2009; Peters et al. 2008; Weber et al 2008; Guan et al. 2008; CDIAC 2009; 

Le Quéré et al. 2009, Nature Geoscuience, in press

Kyoto Annex B       
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CO2 emissions

Atmospheric 

CO2 growth

Data: NOAA, CDIAC; Le Quéré et al. 2009, Nature Geoscience
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Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS, updated

+
Land:

29%

Air: 

45%

Ocean:

26%

Fate of CO2 emissions (2000-2008)



A
ir
b

o
rn

e
 F

ra
c
ti
o

n

1960 20101970 1990 20001980

1.0

0.8

0.6

0.4

0.2

Likely increase of 5% in 50 years

40%
45%

Le Quéré et al. 2009, Nature Geoscience; Canadell et al. 2007, PNAS; Raupach et al. 2008, Biogeosciences

Models show sinks respond to 

climate change and variability

Fraction of CO2 emissions remaining in the atmosphere



Conclusions

u Fossil fuel emissions still increasing (29% 2000-2008)

u There will be only a brief respite from the GFC (about 6 weeks worth)

u Early signs of a decrease in emissions from deforestation

u Emissions in developing countries growing fast, but 1/4 of growth is 

associated with manufactured products exported to developed countries

u Over decades: land and ocean CO2 sinks not keeping pace with emissions 

Over a few years: sinks respond to climate variability

OUTLOOK

u The world has not yet seriously begun the task of emissions reduction

u To avoid dangerous climate change (more than 2 degrees warming) 

emissions must peak within the next 10 years and then decline by more 

than 3% per year for many decades



www.globalcarbonproject.org



Drivers of global emissions

u (CO2 emissions)   = 

(Population) X

(Income per person) X

(Emissions per 

dollar of income)

Raupach et al. (2007) PNAS

Updated with IEA data to 2006
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Cumulatively capped CO2 emissions trajectories
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deforestation
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