
Global  Warming  and  Climate  Change	

1800s: Scientists knew that: 
•  If the earth were a bare, airless rock, the surface would be 

much colder than it actually is. Why? 
•  Tens of thousands of years ago, thick layers of ice covered 

northern Europe (evidence of glaciers, now gone).  
How did climate change so much? 
 

1820s: Joseph Fourier 
     (French mathematician and physicist) 
•  Proposed that visible light from the sun easily penetrates 

the atmosphere to reach the surface and heats it up, but the 
air absorbs infrared radiation (“invisible heat rays”) emitted 
by the surface. The warmed air radiates some of the energy 
back down to the surface, helping it stay warm. 

•  Idea later became known as the greenhouse effect 
(an inaccurate analogy) 



Global  Warming  and  Climate  Change	

1859: John Tyndall  
     (English natural philosopher/scientist) 
•  Discovered that H2O vapor and CO2  

absorb longwave infrared radiation 
•  Provided support for Fourier’s idea 



Global  Warming  and  Climate  Change	

1898: Svante Arrhenius  
     (Swedish scientist) 
•  Recognized that: 

•  much more H2O vapor in air than CO2 
•  level of H2O vapor fluctuates daily, but 
•  average level of H2O depends on average temperature 
•  level of CO2 changes very slowly 

(set by volcanic emissions) 
•  small change in CO2                  small change in avg. temp. 

            change in level of H2O vapor 
          further change in avg. temp. 

•  So, CO2 regulates H2O vapor and hence strength of 
greenhouse effect and the earth’s average temperature 

•  Calculated warming for doubling of CO2 

•  Proposed that: 
•  Burning coal, oil, and natural gas (fossil fuels) could 

raise CO2 levels and eventually warm the earth 



Global  Warming  and  Climate  Change	

1898: Svante Arrhenius (cont’d) 

•  Didn’t think burning fossil fuels would be a problem 
•  in 1898, would only increase CO2 by 0.1% per year 
•  thought ocean would absorb most of it anyway 
•  thought warming would be good (Sweden cold!) 

•  Other scientists discounted the idea for various reasons 



Global  Warming  and  Climate  Change	

1938: Guy Callendar 
     (English steam engineer and inventor) 

•  Studied weather and climate in his spare time 
•  Discovered that 

•  average surface temperature had risen since 1800s 
•  CO2 had increased by 10% since 1800s 

•  Revisited and revived Arrhenius’ ideas 
•  did better calculations 
•  claimed that CO2 increase explained temperature increase 

(only partly right—other factors more important then) 

•  Many other scientists skeptical: 
•  doubts about accuracy of CO2 measurements 
•  calculations too simple (ignored effects of clouds, etc.) 
•  earlier criticisms not addressed (e.g., oceans absorb extra 

CO2) 
•  prevailing idea: earth stable, automatically regulates itself 

(restores “balance of nature”) 



Global  Warming  and  Climate  Change	

1938: Guy Callendar (cont’d) 
 

•  Still, not everyone dismissed his ideas 
•  enough uncertainty to interest people again 



Global  Warming  and  Climate  Change	

1957: Roger Revelle 
     (American oceanographer and 
geochemist) 
•  Realized that oceans absorb extra CO2 far more slowly 

than previously thought 
•  but still thought CO2  would increase slowly 
•  assumed that human CO2 emissions would remain 

constant 



Global  Warming  and  Climate  Change	

1958: Charles Keeling 
     (American geochemist) 
•  Established atmospheric observatory high on Mauna Loa 

in Hawaii 
•  pristine, barren environment 

(far from human and biological CO2 sources) 
•  precise, continuous measurements of CO2  



Global  Warming  and  Climate  Change:  
Location  of  Mauna  Loa  Atmospheric  Observatory  

in  Hawaii	



Mauna  Loa  on  the  Big  Island  of  Hawaii  
(13,700  ft.  above  sea  level)	



The  road  to  Mauna  Loa  Atmospheric  Observatory  
(Mauna  Kea  in  the  background)	



The  road  to  Mauna  Loa  Atmospheric  Observatory	



The  road  to  Mauna  Loa  Atmospheric  Observatory  
(11,100  ft.  above  sea  level)	



Mauna  Loa  Atmospheric  Observatory  
(11,100  ft.  above  sea  level)	



Global  Warming  and  Climate  Change	
1958: Charles Keeling (cont’d)   
•  “Keeling curve” (most famous plot in climate science) 

•  results: faster rate of increase in CO2 than expected (~1% per year) 
•  CO2 0.031% of air (310 ppm) in 1950s to 0.039% (390 ppm) today 

•  Others demonstrated that increased CO2  came mostly from burning of fossil fuels 



Evidence  that  the  Earth  is  Warming:  
Ten  Indicators	



Evidence  that  the  Earth  is  Warming:  
Observed  surface  temperatures  since  1973	
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Evidence  that  the  Earth  is  Warming:  
Observed  surface  temperatures  1881-‐‑2003	

Animation of surface temperature observations: 1881-2003 
 
(http://data.giss.nasa.gov/gistemp/animations/
a5_1881_2003_2fps.mov) 



Evidence  that  the  Earth  is  Warming:    
Arctic  sea  ice  extent  since  1999	

 
 
Animation of Arctic sea ice extent: 1999 – 2011 
 
(http://earthobservatory.nasa.gov/Features/
WorldOfChange/sea_ice.php) 



Global  Warming  and  Climate  Change:  
Extent  of  Arctic  sea  ice  since  1870	



Evidence  that  the  Earth  is  Warming:  
Global  avg.  change  in  thickness  of  glaciers  since  1955	



Global  Warming  and  Climate  Change:  
Example:  A  glacier,  1928  vs.  2004	



Global  Warming  and  Climate  Change:  
Observed  average  sea  level  since  1870	



Global  Warming  and  Climate  Change:  
Record  high  vs.  record  low  temperatures  

observed  in  the  U.S.  since  1950s	



Global  Warming  and  Climate  Change:  
Ice  core  data  from  Antarctica:  Temperature,  CO2,  and  

dust  over  the  last  450,000  years	
•  Cyclic glacial periods 

(100,000 years long—
ice ages) and interglacial 
periods (lasting a few 
10s of thousands of 
years--we’re in one 
now) 

•  Driven by slow, regular 
variations in the tilt and 
orientation of the earth’s 
axis of rotation and 
ellipticity of the earth’s 
orbit, which control 
solar radiation received 
at high latitudes 

•  amplified by CO2 
greenhouse feedback 



Global  Warming  and  Climate  Change:  
Reconstructed  surface  temperatures  

over  the  last  1000  years	
•  Slow, gradual cooling over most of last 1000 years 

(current interglacial period gradually transitioning into next ice age) 
•  Abrupt increase in temperature in last 40 years unprecedented—something 

                                                                                               unusual is 
                                                                                               happening. 
                                                                                               What? 



Global  Warming  and  Climate  Change:  
	

•  What might be causing observed warming? 
(The question of “attribution”) 
•  natural causes 

•  orbital variations (Answer: no. They would be driving us 
slowly toward next ice age in several thousand years.) 

•  natural internal variability (e.g., periodic oscillations in sea 
surface temperatures) 

•  variations in output of the sun 
•  human activities (mainly release of greenhouse gases) 
•  some combination of the two 



Global  Warming  and  Climate  Change:  
		Could warming of surface and lower atmosphere be just a natural cycle? 
•  If so, where would the heat come from? The ocean?  

(Answer: No—the ocean is warming, too!) 



Global  Warming  and  Climate  Change:  
  
Could  observed  warming  be  due  to  increase  in  solar  output?  
(Answer:  Not  in  recent  decades,  when  warming  has  been  greatest.)	



Global  Warming  and  Climate  Change:  
  
	

Can CO2 increase account for observed warming?  
•  Use climate models, run them with and without CO2 from humans,  

compare to observed global average temperatures since 1850. (Answer: yes) 



Global  Warming  and  Climate  Change:	
•  United Nations International Panel on Climate Change (IPCC) 

•  Composed of 4,000 climate scientists, related experts, and government 
representatives  

•  Analyzes, evaluates, and synthesizes published research 
on climate change (mostly peer reviewed)  

•  Reaches consensus, publishes report on state of knowledge 
•  every 6 years or so, most recently in 2007 
•  next report due in 2013 
•  consensus requires that reports are relatively conservative 
•  most comprehensive and authoritative assessment out there 



Global  Warming  and  Climate  Change:  
	
IPCC Conclusions: 
 

•  Virtually certain: the earth is warming, at a rate faster than anything 
observed in at least 1000 years and possibly much longer 
 

•  > 90% certain: humans are responsible for most of it 
 

•  Very likely: the earth will continue warming, at a rate that depends 
partly on human activities (especially burning fossil fuels and 
deforestation) 
 

•  Very Possible: climate change will have serious and expensive 
consequences if GH gas emissions are not restrained 

 


