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Potential external sources of climate change

Human

Greenhouse gasses

Carbon dioxide

Methane

Nitrous oxide

Ozone

Chloroflourocarbons

Aerosols

Radiative effects (the flow of radiant energy)

Microphysics effects (how clouds form and how they work)

Land use / land cover changes

Changes in albedo

Changes in water vapor

Changes in vegetative influence / participation in energy and mass flows

Natural

Astronomical radiation forcing

Solar variations

Volcanoes



Photo:  AGU, Emelio Segre Visual Archives

1928 April 20 - 2005 June 20

387 

Mar 2009

1959:  316 ppmv

Dave Keeling, Scripps

+22 %



Atmospheric Methane:  Resumption of its Rise???

Methane is 23 times more potent as a greenhouse gas than CO2



IPCC AR4, Kiehl and Trenberth (1997)

The Planetary Radiation Budget

Net incoming  342 ï107  =  235 W/m2 Net outgoing  = 235  W / m2                                                 
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Earth's energy 

imbalance: Confirmation 

and implications. 

Science, 308, 1431.

Simulated and 

Observed 

Temperatures 

(Global Mean)

Warming

Cooling



Solar Output During the Satellite Era

Through late December 2008



Kasatochi 20081023:1500ADT Jerry Morris

080709 Jerry Morris



MODIS 20070121


