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CLIMATECLIMATE

Positive feedbacks appear to be Positive feedbacks appear to be 
developing enormous forcedeveloping enormous force

Changes in the Arctic appear to beChanges in the Arctic appear to be
occurring far faster than expectedoccurring far faster than expected



““PalaeoclimatePalaeoclimate data show that the Earthdata show that the Earth’’s s 
climate is remarkably sensitive to globalclimate is remarkably sensitive to global
forcingsforcings. . Positive feedbacks predominate. This Positive feedbacks predominate. This 
allows the entire planet to be whipsawed allows the entire planet to be whipsawed 
between climate states.between climate states. . . . Recent greenhouse . . . Recent greenhouse 
gas emissions place the Earth perilously close to gas emissions place the Earth perilously close to 
dramatic climate change that could run out of dramatic climate change that could run out of 
our control, with great dangers for humans and our control, with great dangers for humans and 
other creatures.other creatures.””

Hansen et al, Hansen et al, Phil. Trans. R. Soc. A (2007).



GISS analysis of global surface temperature; 2008 point is 11-month mean.





Battisti and Naylor, “Historical warnings of future food insecurity with unprecedented seasonal heat.”
Science (9 January 2009):  240-44
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More rapid warming at polesMore rapid warming at poles
One reason: IceOne reason: Ice--albedo feedbackalbedo feedback
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VULNERABILITY OF THE GLOBAL FOOD SYSTEMVULNERABILITY OF THE GLOBAL FOOD SYSTEM

China requires about 450 million tons ofChina requires about 450 million tons of
grain each yeargrain each year

World grain trade is about 200 million tonsWorld grain trade is about 200 million tons

An intervention by China on world grainAn intervention by China on world grain
markets for only 20 percent of its needsmarkets for only 20 percent of its needs
would absorb 50 percent of grain onwould absorb 50 percent of grain on
world marketsworld markets



WEAKENING OF EAST ASIAN MONSOON





“ [We  show] that to hold climate constant 
at a given global temperature requires near 
zero future carbon emissions. . . . As a 
consequence, any future anthropogenic 
emissions will commit the climate system to 
warming that is essentially irreversible on 
centennial timescales.”
Matthews, H. D., and K. Caldeira (2008), “Stabilizing climate requires 
near-zero emissions,” Geophys. Res. Lett.



Hansen, Atmos. Chem. Phys. 7 (2007): 2287-2312.







ENERGYENERGY

We are probably near peakWe are probably near peak
global output of conventional oilglobal output of conventional oil
Energy costs will continue to riseEnergy costs will continue to rise
relative to other costs in comingrelative to other costs in coming
yearsyears







Producing energy costs energyProducing energy costs energy

This principle is best understoodThis principle is best understood
through the concept ofthrough the concept of

Energy Return onEnergy Return on
Investment (EROI)Investment (EROI)



WeWe’’re shifting from a world ofre shifting from a world of
abundant highabundant high--EROI energy to EROI energy to 

one of scarce, mixedone of scarce, mixed--EROI EROI 
energyenergy

Just at the timeJust at the time
We need vast additionalWe need vast additional

amounts of cheap energy to amounts of cheap energy to 
solve our increasingly difficultsolve our increasingly difficult

problemsproblems



In this new In this new 
world, what world, what 

should we do?should we do?



Ingenuity Ingenuity 
GapGap

SupplySupply

RequirementRequirement

TimeTime



Two types of ingenuity

TechnicalTechnicalSocialSocial



The ingenuity supply chain

BrainsBrains

ScienceScience

MarketsMarkets

PoliticsPolitics








