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 Roulette wheels from http://globalchange.mit.edu/resources/gamble/ 



www.esrl.noaa.gov 

6% increase in C emissions, 2010 

www.cdiac.ornl.gov 

~2 ppm/year rise 
rates since 2000 

391.8 ppmv (Dec. 2011) 

http://www.esrl.noaa.gov


From Kliehl, 2011 (after Special Report on Emissions Scenarios (SRES), IPCC, 2007) 

Current & Future Emission Scenarios 
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Modified from Beerling & Royer, 2011; 
Zachos et al., 2008;  net radiative forcing from Kiehl, 2011 
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Where are we headed? 

G
lo

ba
l D

ee
p 

O
ce

an
 

Presenter
Presentation Notes
 



From Kidder & Worsley, 2012 

NRC, (Montañez et al.), 2011,  Understanding Earth’s Deep Past: Lessons for Our Climate Future  

8000 Pg C 

Transient Warming of the Paleocene-Eocene Thermal Maximum 
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There is also the issue of long residence time of CO2 in the atmosphere given anticipated levels due to fossil fuel burning.

 Initial carbon pulse for the PETM (red curves), estimated to be 3000 Pg carbon using published
carbon isotope and observed deep-sea carbonate dissolution records, and a carbon cycle model (LOSCAR, Zeebe et
al., 2008; 2009). The magnitude of the input carbon mass was inferred from carbonate dissolution records, with the
Initial carbon pulse for the PETM (red curves), estimated to be 3000 Pg carbon using published
carbon isotope and observed deep-sea carbonate dissolution records, and a carbon cycle model (LOSCAR, Zeebe et
al., 2008; 2009) 







From Knutti & Hegerl, 2008 
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From Knutti & Hegerl, 2008 



Warming in the Pipeline 

Hansen et al. 2008 

Equilibrium temperature response to net 
estimated climate forcing 

Observed Global Temperature 



From Kidder & Worsley, 2012 

Can Humans Induce a Greenhouse Climate? 

Earth system  
climate sensitivity 

1000 Pg C 

5000 Pg C 
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Recent studies of C emission standards needed to for a 2°C total warming target indicate that only a low climate sensitivity would allow for delay of mitigation action and a conservative mitigation rate – but even this still requires ≥ 90% phase-out of emissions thereafter.  For the upper bound of climate sensitivity, even negative emissions would require a global mitigation rate at least as great as the highest rate considered feasible for economic models. (from Friedlingstein et al., 2012)



From Meinshausen et al., 2009 

Reduced complexity coupled C cycle-climate model & transient climate response (2 – 4.5 C) 



From Meinshausen et al., 2009 

Potentially 10K + GT 
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Summary Points 

 By ~2100 - without a reduction in C emissions - atmospheric CO2 could 
increase to levels last experienced on Earth more than 30 million years 
ago – prior to the establishment of Antarctic and Greenland ice sheets.  

 CO2 stabilization target of 400 ppmv may be too high given the 
possibility of accelerating ‘slow’ feedbacks and climate sensitivity 
higher than 4.5 C, and the current growth in fossil fuel emissions & 
extraction.  

 Climate sensitivity is likely time- and state-dependent  –  fast feedback 
estimates may not appropriately characterize future warming in a high 
CO2 world.  
 

 Given long residence time of elevated CO2 in the atmosphere – it is 
unlikely that global warming will be a century-timescale phenomenon.  
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