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Global Warming: 
A Personal Perspective 





March 31, 2006 Headline: 

Caribbean coral suffers record die-off 

World's coral reef loss 'an underwater holocaust' 
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 “The greatest hoax ever 
perpetrated 

on the American people”? 

Climate Change: 







"For every shrinking glacier there is a  
growing one--but the growing ones get  
much less attention." 

-  Christopher Horner, The Politically Incorrect 
Guide to Global Warming, pg. 66 



World Glacier Monitoring Service 

Advancing 
Retreating 

•  In 2005 442 glaciers studied:  
-     26 advancing 
-     18 stationary 
-   398 retreating 







Proof of Human-Induced  
Climate Change 

•  Paleoclimatic data (ice cores and other 
evidence) 

•  Agreement between rapidly improved 
climate models from around the world 

•  Today’s field measurements 
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Timeline of Climate Model Development 

Courtesy of Warren 
Washington 





Soar irradiance through September 2008.  Reference: 
Fröhlich, C. and J. Lean, Astron. Astrophys. Rev., 12, pp. 273--320, 2004. http://www.pmodwrc.ch/pmod.php?
topic=tsi/composite/SolarConstant 









El Niño-La Niña Cycles 



Central & Eastern Pacific Upper-Ocean        
(0-300 m) Weekly Heat Content 

Anomalies 

The upper ocean heat content was below-average across the eastern 
half of the equatorial Pacific Ocean between mid-August 2008 and 
March 2009, with a minimum reached in late December 2008. The heat 
content anomalies have been positive since April, and have steadily 
increased since that time.   



SST Outlook: NCEP CFS Forecast 
Issued 12 July 2009 

The CFS ensemble mean (heavy blue 
line) predicts El Niño to last through 
Northern Hemisphere Winter 2009-10. 







A Warmer and Drier West 







2007 IPCC Report 
•  “Warming of the climate is unequivocal.” 

•  “..very likely due to  
anthropogenic greenhouse  
gas concentrations.” 



What the latest  
IPCC study 

does not include: 

“future rapid dynamical 
changes in ice flow” 





Sources: NCAR and National Snow and Ice Data Center 
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September 2007 September 2008 

Arctic Sea Ice Is Getting Thinner 



Rapid Retreat 

5 years 

Jacobshavns Isbrae 

Iceberg-choked fjord created by rapid retreat 
Courtesy of Robert Bindschadler 

Average speed 
5 ft per hour! 



Qarassup Glacier 
Greenland 

June 9, 2007 
12:12 p.m. 





Ice Shelf Buttressing 

Formerly buttressed glaciers accelerate 

up to 400% 
faster in  
2 years 

up to 510% 
faster in  
2 years 

(Scambos et al., 2004) 
Courtesy of Robert Bindschadler 





“The last time a large ice sheet 
 melted, sea level went up one 
 meter every 20 years.”  

– Dr. James Hansen, Director  
Goddard Institute for Space Studies 











Two Dangerous Feedbacks 

Loss of forests 

Melting permafrost 





How long can you operate in the red? 

...with your car’s engine? 

...with your planet? 



What We Have to Do 

•  Limit additional warming to 1°C beyond 2000 

•  Reduce U.S. CO2 emissions 60%–80% (?) by 2050 

To limit sea level rise to 1 m and 
species loss to 20% this century  



U.S. Carbon Reduction Triangles 

Total savings needed by 2030:  ~1,200 MtC/yr 



“Houston, we have a problem.” 



Apollo 13 
©Universal Studios 





Key Energy Options 

•  Energy Efficiency 
•  Renewable Energy 
•  Coal with carbon capture and storage 
•  Nuclear power 



SOLAR 2006, Denver 
“Renewable Energy: Key to Climate Recovery” 



Geothermal 
PV 

Biofuels 

Efficiency Biomass Power 

CSP 

Wind 



     Energy Efficiency  
•  Buildings (40%) – envelope design, daylighting, better 

lights, building and appliance efficiency standards 

•  Transportation (30%) –  lighter weight vehicles, public 
transportation, better propulsion, PHEVs 

•  Industry (30%) – heat recovery, better motors, CHP  





Energy Efficiency Savings 
•  Electricity: 218 MtC/yr, 0 – 4 ¢/kWh 

 (20% savings off 2030 projection) 

•  Oil: 344 MtC/yr, $5 - $30/bbl 

•  Gas: 126 MtC/yr, $0 - $3/MBtu 

Savings: 688 MtC/yr 



Concentrating Solar Power 
(CSP) 





New 64 MWe Acciona Solar Parabolic Trough Plant 



CSP Savings 
•  Dispatchable power with 6 hr of storage 

•  80,000 MW, 6 to 14¢/kWh  

Savings: 63 MtC/yr 



Photovoltaics (PV) 





PV Module Prices 



Worldwide PV Shipments 



PV Savings 
•  200,000 MWp 

•  6 to 28 ¢/kWh (retail) 

Savings: 63 MtC/yr 



Wind 



U.S. Wind Resource 





Wind Power Capacity 
April 2009 



Grid Integration Costs  
(Arizona Public Service) 



PHEVs* Can Increase Wind 
Penetration 
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* Assumes 50% PHEV-V2G penetration by 2050




Wind Savings 

•  20% grid energy,  
245,000 MW 

•  3 to 7¢/kWh 

Savings: 181 MtC/yr 



Wood chips Switch grass 
Poplars 

Fats and Oils 
Municipal solid waste 

 Corn Stover 

Biomass and Biofuels 





Biomass Power 

Direct combustion 

Co-firing 

Gasification 



Biomass Power Savings 

Savings: 75 MtC/yr  

•  Wood residues and municipal discards 
•  45,000 MW 
•  5 to 8¢/kWh  



Routes to Biofuels 

Bio/chemical  
transformation  

 Ethanol from 
sugars 

 Biodiesel from 
renewable oils 

Thermochemical 
 reduction 
 to “syngas”  
(H2, CO) 

 Fischer-Tropsch 
diesel, gasoline 

 Methanol, other 
alcohols 



Biofuels Savings 

Savings: 58 MtC/yr  

•  Ethanol from crop residues & energy crops 
•  Saves 28 billion gallons of gas in 2030  
•  $0.90 to $3.75/gal gas equiv. 



Geothermal 



Temperatures at 6 km Depth 



Geothermal Power Savings 

Savings: 83 MtC/yr 

•  50,000 MW 
•  25% existing resources, 25% expanded,  

50% from oil & gas wells 
•  5 to 10 ¢/kWh 



Putting It All Together 

















Potential U.S. Carbon Reductions 

57% Energy Efficiency, 43% Renewables 

$2B/yr  
$7B/yr 
$5B/yr 
$3B/yr 
$9B/yr 
$0B/yr 

-$108B/yr 

Total: 
Savings 
of $82B/yr 

What does 
it cost? 



“Delayed action (or inaction) will  
most likely be the most expensive  
policy option” 

Stern Review:   Cost of action ≅ 1% of world GDP 
           Cost of inaction = 5% to 20% of world GDP 

Cost of Inaction 

Ackerman & Stanton, 2008 



Houston, we have a solution! 



ASES report 
released 
Jan. 31, 2007 

Available at:  
www.ases.org/ 
climatechange 

Read: 
-  Appendix: “The Science and  
Challenges Of Global Warming” 
-  “Overview and Summary of  
the Studies” 
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Load Duration Curve 

51% of capacity provides 
85% of total energy 

36% of capacity provides 
4% of total energy 



http://www.columbia.edu/~jeh1/2009/UScoalphaseout_draft.pdf  
Read: 


