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1 Pg = 1 Petagram = 1×1015g = 1 x 1012 kg
=1 x 109 metric tonnes = 1 gigatonne = 1 Gt

1 kg carbon (C) = 3.67 kg carbon dioxide (CO2)
1 Pg C = 3.67 Gt CO2





http://science.nasa.gov/earth-science/
oceanography/ocean-earth-system/
ocean-carbon-cycle

http://science.nasa.gov/earth-science/




Observed Emissions













Closing the Global Carbon Budget





Fate of Anthropogenic CO2 Emissions (2002-2011 average)

Source: Le Quéré et al. 2012; Global Carbon Project 2012
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http://www.earth-syst-sci-data-discuss.net/5/1107/2012
http://www.globalcarbonproject.org/carbonbudget/
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Fate of anthropogenic CO2 emissions (2014–2023)

Source: Friedlingstein et al 2024; Global Carbon Project 2024

26%
2.9 GtC/yr

9.7 GtC/yr

90%

10%
1.1 GtC/yr

5.2 GtC/yr

48%

Sources  =  Sinks

4%
-0.4 GtC/yr

Budget Imbalance: 
(the difference between estimated sources & sinks)

https://essd.copernicus.org/preprints/essd-2024-519
http://www.globalcarbonproject.org/carbonbudget/






Process models suggest 
that increasing 
atmospheric CO2 drives 
the land and ocean sinks 
while climate change 
reduces the carbon sinks; 
the climate effect is 
largest in tropical and 
semi-arid land 
ecosystems.
Globally during 2014–
2023, climate change 
reduced the land sink by 
~27% and the ocean sink 
by 6%.























Major flows from Production to Consumption
Start of Arrow: fossil-fuel consumption (production)

End of arrow: goods and services consumption

Values for 2007. EU27 is treated as one region. Units: TgC=PgC/1000

Source: Peters et al 2012b

http://www.biogeosciences.net/9/3247/2012/bg-9-3247-2012.html


Previous CO2 emission reductions
Without climate policies, some countries have reduced emissions at 1-5%/yr
Repeating with modern low-carbon technologies can “kick-start” mitigation

Grey areas are: World War I, Great Depression, World War II, oil shocks

Source: Peters et al. 2012a; CDIAC Data; Global Carbon Project 2012
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Peters%20et%20al.%202012
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/


Ocean Acidification



Quantities of Gas in Air and Seawater



Column Anthropogenic CO2 (Sabine et al. 2004)







The Biological Carbon Pump 





Chaetoceros costatus 
(Diatom)

Distephanus speculum
(Silicoflagellate)

Emiliania huxleii
(Coccolithophorids)

Trichodesmium 
(Cyanobacterium)

Ocean acidification and species composition





Export of particulate organic carbon  (POC) to deep ocean.



Export of SiO2 to deep ocean by diatom ecosystem.



Export of CaCO3 to deep ocean by coccolithophore ecosystem.





Observed emissions and emissions scenarios
The emission pledges submitted to the Paris climate summit avoid the worst effects of climate 

change (red), most studies suggest a likely temperature increase of about  3°C (brown) 

Over 1000 scenarios from the IPCC Fifth Assessment Report are shown
Source: Fuss et al 2014; CDIAC; Global Carbon Budget 2015

http://www.nature.com/doifinder/10.1038/nclimate2392
http://cdiac.ornl.gov/trends/emis/meth_reg.html
http://www.globalcarbonproject.org/carbonbudget/




Change in Surface Temperature



Change in Precipitation



Caldeira 2003



GAS HYDRATES



GAS HYDRATES







§ atmosphere – ocean – ice sheets – vegetation 
– ocean biogeochemistry

§ CO2 concentration increased from pre-
industrial (280 ppm) to 2 x, 3 x, or 4 x pre-
industrial concentration with an increase of 1% 
per year

Future Climate Change Experiments

control run
2 x CO2
3 x CO2
4 x CO2

time (yr)

pCO2

(ppm)



Change in surface air temperature
Average over years 300 
to 399 relative to 
climate of control run

2 x CO2

4 x CO2

3 x CO2



control run
2 x CO2
3 x CO2
4 x CO2
4 x CO2 without atmosphere
CO2 feedback

Change in glaciervolume (m sea level equivalent)

Greenland

Antarctica

Change in ice 
thickness

after 1000 years 
Greenland (m) 2xCO2 4xCO23xCO2




