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Direct Air Capture
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New York Times
May 24th 1953



Emissions are rising faster than expected
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Skeptics argued that this “unrealistic”
scenario was included only to make 
the problem look worse

This is where we need to be heading
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And, it’s melting quicker than models predict
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Models suggest 
the compensation

is quite good

2 x CO2

Caldeira et al., in prep, 2007

2 x CO2
and
1.8% reduction in
solar intensity
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Photophoresis

Uneven illumination

Temperature gradient across particle

Net force toward cool side
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Photophoretic levitation of nano-engineered scatterers
for climate engineering

1. Long atmospheric lifetimes 
Lower cost and impact of replenishment
Can afford more elaborately engineered scatters 

2. Particles above the stratosphere
less ozone impact.

2. The ability to concentrate scattering particles near the poles
Concentrate climate engineering where it’s needed most.
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Is climate control impossible?

Improved observations
Improved models
Improved analysis/forecast systems 

A bigger lever Smaller 
perturbations needed to 
achieve a given degree of 
weather control

t1

t2

Not so!
Control of chaotic systems requires four things
1. A model  (initial conditions future state).
2. Observations.
3. An appropriate lever.
4. Feedback.

See Ross Hoffman, “Controlling the global weather”, 
Bulletin of the American Metrological Society February 2002 : 241-248

Chaos = extreme sensitivity to initial conditions

One might assume: Weather is chaotic control is impossible×
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Albedo modification

CO  Concentration2
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instead of mitigation
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Geoengineering to take 
the edge of the heat
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Morgan & Keith (1995)



28

Knowledge that geoengineering is possible

Climate impacts look less fearsome 

A weaker commitment to cutting emissions now
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Questions

1. Should we do serious research? 

2. How can we best we avoid the moral hazard? 

3. Do we need a treaty? Norms?
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“Interest in CO2 may generate or reinforce a 
lasting interest in national or international means 
of climate and weather modification; once 
generated, that interest may flourish independent 
of whatever is done about CO2.”

1982 US National Academy study, Changing Climate.
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