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Keeling, a researcher at Scripps Institute for Oceanography, started measuring atmospheric CO2 from 
Mauna Loa in Hawaii in 1958.  Besides the annual photosynthetic cycle, a profound trend is seen. 

380 ppm = 380 parts-per-million = 0.038% by volume 

(Currently at about 390 ppm) 
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Factors affecting Earth’s climate: 

•  Eccentricity of Earth’s orbit around the Sun (varies 
over period of ~ 100,000 years) 

•  Precession (Period of ~ 26,000 years) 

•  Inclination of Earth’s axis versus orbital plane 

Milankovitch Hypothesis: Changes in all three of 
these aspects are responsible for long-term global 

climate changes (ice ages). 
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Note: Greenland’s ice sheet is 110,000 years old: melted in last interglacial period. 
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carbon monoxide 

methane 

nitrous oxide 

ozone 

carbon dioxide 

heavy water vapor (contains deuterium) 

water vapor 

net transmission spectrum 

plots show transmission of atmosphere (dip means absorption) 
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Often called the “hockey stick” curve  
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Concept of radiative forcing 
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from http://www.pewclimate.org/global-warming-basics/slr.cfm 
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Note: this is a good example of real data: lots of measurements from different 
scientists around the world all pointing to similar (and sensible) results.  Note also error bars. 
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current rate is 3 mm/year → about a foot per century 
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Boston if sea level 
rises 3 meters 
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Miami if sea level 
rises 1 meter 
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precipitation UCSD 
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Source: http://www.climatechange.ca.gov/events/2007-09-14_workshop/final_report/
2007-10-15_MACROECONOMIC_ANALYSIS.PDF 

California Climate Strategy Supply Curve
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Global CO2 Abatement Opportunities 

Vattenfall, 2007 
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Strategies  
not requiring 
separation!

Sequester  
carbon!

Strategies  
requiring CO2  

or O2 separation!

Geologic" Ocean  
injection"

Silicate  
weathering"

Land  
biosphere"

Ocean  
fertilization"

Carbonate  
weathering"

Air 
removal"

Carbon black 
storage"
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Carbon sequestration: 
A carbon-emission-free fossil-fuel economy"

Solving the climate  
problem with  
sequestration  
requires a more  
ambitious program 
than yet exists."

DOE goals:"
1 GtC/yr by 2025  
4 GtC/yr by 2050"
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United States Refrigerator Use, repeated, to compare with 

Estimated Household Standby Use v. Time 
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Evan Mills 
Energy Analysis Department 

Lawrence Berkeley National Laboratory 
Emills@lbl.gov 

+ 1 510 486-6784 
http://www.ifc.org/led 

Commercially available LEDs  
•   0.1 to 1 watt  
•   Lumens/watts > 100 better 
than kerosene lanterns 
•   Much better directionality adds 
to this advantage 
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•   “These results underscore the pitfalls of “wait and see”.” 

•   Without policy incentives to overcome socioeconomic inertia, 
development of needed technologies will likely not occur soon 
enough to allow capitalization on a 10-30 TW scale by 2050 

•   “Researching, developing, and commercializing carbon-free 
primary power technologies capable of 10-30 TW by the 
mid-21st century could require efforts, perhaps international, 
pursued with the urgency of the Manhattan Project or the Apollo 
Space Program.”  

Hoffert et al.ʼs Conclusions!
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A note of significance: none of these have yet stabilized as of 2100. 
Even the green curve (eliminating CO2 emissions by 2100) is still 
steadily climbing. This effect won’t play out until 2300 at least. 
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Fargione, et 
al, Science, 
Feb 8, 2008 
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