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Observed Temperature Change 
Years 2000-2009 minus 1900-1950 

http://data.giss.nasa.gov/gistemp/maps/ 

∆Temperature (°C) 



Probability of 2040-2060 summer 
being hotter than hottest on record 



Probability of 2080-2100 summer 
being hotter than hottest on record 
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Fossil Fuel Emissions: Actual vs. IPCC Scenarios 

Updated Raupach et al. 2007, PNAS 
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Economic Crisis Impact on World GDP Growth 

International Energy Agency, October 2009 

-1.1% 
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Fossil Fuel Emissions: Actual vs. IPCC Scenarios 

Raupach et al. 2007, PNAS; updated Raupach unpublished; Le Quéré et al. 2009, Nature-Geo, in press 
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Projection 2009: 
Emissions: -2.8% 
GDP:          -1.1%  
C intensity: -1.7% 



CO2 Emissions  

Hoffert et al., 1998 









Anthropogenic CO2 emissions exceed natural 
emissions by about two orders of magnitude 





Distribution of corals and 
ocean acidification 
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Courtesy David MacKay 

Most renewables are “energy farms” 



Courtesy David MacKay 



Courtesy David MacKay 
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Archer and Caldeira, 2009 



Estimating maximum power available�
Idealized general circulation climate model results
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Estimating maximum power available�
Idealized general circulation climate model results
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area yields  ~50 

times more power 



Estimating maximum power available�
Idealized general circulation climate model results
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Estimating maximum power available�
Idealized general circulation climate model results


Turbine density (m2 / km3) 
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Maximum in these 
simulations  
~2000 TW 



Temperature effects of massive deployment�
1 m2 / km3 (about 18 TW)�

cooling of 0.04 °C
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Temperature effects of massive deployment�
100 m2 / km3 (about 84 TW)�

cooling of 2.2 °C
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Temperature effects of massive deployment�
10,000 m2 / km3 (about 2,010 TW) �

cooling of 9.6 °C
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If  you interfere with geophysical flows beyond 
the level of  a few percent, unwanted side effects 
are likely to manifest themselves. 

At a turbine density of  1 m2 / km3, about 
18 TWe are produced, more than enough 
to power modern civilization, and with no 
detectable adverse effects on climate.  



http://iea.org/papers/2010/global_gaps.pdf  



http://www.nei.org/filefolder/Bezdek_Report.pdf  




