
“Anomaly” = Difference from “Baseline” 30-year average












Energy from the Sun 
Drives the Earth System 

Thermal Energy 
Output from Earth 

Energy Balance of Planet Earth: 
http://www.nasa.gov/centers/goddard/news/ 
   topstory/2008/solar_variability.html 



Water & Energy Cycle Carbon Cycle 

Atmospheric Chemistry 





[Figure from J. Lean, Solar Physics, 2005]  

The complex climate system has many 
components that drive longterm changes, 
including unforced changes such as ENSO, 
And natural forcings like volcanoes, and 
the Sun. 

NASA will continue observing our 
Sun’s variations, with SORCE to 
2012 and with TSIS in partnership 
with NOAA. 

• But the current warming trend is 
primarily due to human-induced 
emission of CO2 and other gases, and 
particles in the air (aerosols). 



IPCC 2007 

This is not consistent with solar warming, 

but is predicted by greenhouse warming.




IMPACTS


Feedback
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Compared to the long-term 
average from 1979 to 2000, the 
new minimum extent was lower by 
about 1 million square miles -- an 
area about the size of Alaska and 
Texas combined, or 10 United 
Kingdoms.




“Business As Usual” scenario for 2100: 
  Global warming ~ 3°C, Likely extinctions ~ 50% 
“Alternative” scenario for 2100: 
  Global warming ~ 1°C, Likely extinctions ~ 10% 

Millennium 
Ecosystem 
Assessment,  
www.millennium
assessment.org 









“There is a natural greenhouse effect that contributes to warming. Greenhouse gases trap heat, and thus warm the earth because they 
prevent a significant proportion of infrared radiation from escaping into space. Concentration of greenhouse gases, especially CO2, 
have increased substantially since the beginning of the industrial revolution. And the National Academy of Sciences indicate that the 
increase is due in large part to human activity.”   – President Bush, June 2001.




“CLIMATE SOLUTIONS: THE WWF VISION FOR 2050”
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