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Energy - “Fleeting By-Product”Energy - “Fleeting By-Product”

Carbon Reservoirs & TransfersCarbon Reservoirs & Transfers



Transforming the AtmosphereTransforming the Atmosphere
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Global Warming of the World’s Oceans
(T.P. Barnett, et al 2005)

Global Warming of the World’s Oceans
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>90% of increased heat storage goes into the oceans

No Anthropogenic Forcing (Blue) With Anthropogenic F orcing (Green) Observational Data (Red)



Warming - Amplification at PolesWarming - Amplification at Poles

“Ice-Albedo” feedback in areas covered with ice and snow

Hansen et al., 2005



IPCC Fourth Assessment Report
Climate Change 2007 : The Physical Science 

Basis – Summary for Policy Makers 
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Atmospheric greenhouse gas concentrations 
far exceed levels of last 650,000y as a result 

of human emissions
Warming of the climate system is 

“Unequivocal”

Climate forcing primarily Human (x10 solar)
Agreed by Delegates of 113 nations



In a Warmer World
Ice Retreats
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Summer melt area increased on average by 25% from 1979 to 2005
Steffen and Huff, 2005

Greenland Ice Sheet Surface Melt and 
Glacier Discharge

Greenland Ice Sheet Surface Melt and 
Glacier Discharge

Ice discharge by melting AND SLIDING increased from 90 to 220 km3

from 1996 to 2005 - equivalent to 0.23 to 0.57mm/y sea level rise
Rignot and Kanagaratnam, 2006

Confirmed by satellite gravity data
Chen et al, 2006

Increased snowfall in interior
Zwally et al, 2004; Johannessen et al 2005



AntarcticaAntarctica



Antarctic 
Peninsula Ice 

Shelf 
Disintegrations

Antarctic 
Peninsula Ice 

Shelf 
Disintegrations

• Summer surface melting the key

• Northern ones absent 3-5ky ago

• Larsen B in place for  10(s)ky



Peninsula Warming and Ice Shelf Break-UpPeninsula Warming and Ice Shelf Break-Up

Attributes progressive wave of warming to human-ind uced enhanced greenhouse effect &ozone hole

Marshall et al  (2006)



Antarctic Mass Balance Antarctic Mass Balance 



West Antarctic Ice Sheet Iceberg CalvingWest Antarctic Ice Sheet Iceberg Calving

Marine Ice SheetMarine Ice Sheet
How Much?

How Quickly?



2005 Survey by BAS and U. Texas2005 Survey by BAS and U. Texas



How Much?How Much ?

Ice accessible for discharge ~1.5m msl equivalent



International Polar Year 2007-2008International Polar Year 2007-2008



Is This The Future?Is This The Future?



New Orleans Sept 2005New Orleans Sept 2005



Surface MeltingSurface Melting



IPCC Temperature Projections IIIPCC Temperature Projections II

“Safe” Limit of 2 oC?

Equivalent to 450ppm



Long-Term CommitmentLong-Term Commitment

Decarbonising HumankindDecarbonising Humankind

Key factor determining 
stabilisation level is total 
amount of carbon emitted

To achieve 450ppm we 
humans are permitted 
~500Gt and a long-term 
ongoing rate of ~2Gt/y

Could be worse if 
terrestrial and marine 
sinks weaken

Later = Harder



Wedge ApproachWedge Approach

Pacala & Soclow, Science 2004

Silver BuckshotSilver Buckshot



Techno-OptimistsTechno-Optimists

e.g. Vattenfall Report



Additional WedgesAdditional Wedges
• Food

– on average takes 25cal fossil fuel energy to produc e 1cal protein
– effectively eat oil
– vegetarian products use 10-30 times less energy, 10 0-200 times less water, 

and ~7 times less land area
– currently 2bn meat eaters, 4bn vegetarians

• People
– fertility rates strongly correlate with contracepti ve availability + female 

education + societal acceptability
– latent demand estimated by UN to equal population g rowth rate (80M/y)
– average per capita emissions = 1.3t
– avoid 800m average humans by 2050
– or 5 times fewer high per capita emitters or 3 time s more low emitters
– cost = $3bn

An absent human has NO footprint



Lesson from the Ozone Hole …

Better to keep the Carbon in the Ground -
Regulate Extraction!

But also …

Suck it out of the Air & Put it Back!
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The ProblemThe Problem

Muddling Along Is Not Sufficient

Need an Unprecedented Global Project
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Uniquely Daunting ChallengeUniquely Daunting Challenge

• Evidence of problem complex & technical
• Disconnect

– impacts are distant in time and space
– “Homo Urbanus” insulated from nature

• Inertia in demography, societal infrastructure and behaviour
• Strong vested interests threatened
• Significant issues of sharing between developed and  developing world
• Mismatch between nature of problem and jurisdiction , capabilities and 

motivation of existing institutions



Al Gore’s MessagesAl Gore’s Messages

• Global Marshall Plan
• Stabilise world population
• Rapidly develop green 

technologies
• Introduce green economic 

instruments
• International agreements
• Educate world’s citizens 

about the problem



They are here AlreadyThey are here Already



“Our problems are Man made, therefore they may be solved by Man”

John F Kennedy





UK Government ResponseUK Government Response
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People and EmissionsPeople and Emissions
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Ch4 Great Global Warming SwindleCh4 Great Global Warming Swindle

Steve Conner, 14 th March 2007


