
Figure 4.18. a) Idealized “ball bearing” model of the stability of the climate system, showing
positive (red arrow) and negative (blue arrow) feedbacks to a perturbation (black arrow).
Positive feedbacks amplify a perturbation, destabilizing the system away from equilibrium,
while negative feedbacks oppose a perturbation, returning the system to normal, thereby
stabilizing the system.  Three possible climate states are suggested.
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Figure 4.18b. Positive feedbacks in the climate system help cause it to go into an ice age or  
into an interglacial, acting to amplify a temperature perturbation of either sign.  These 
include the ice albedo feedback, greenhouse gas feedbacks, and the boreal forest feedback.
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4.3.  The Paleoclimate Record 
 Paleoclimate phenomena and corresponding time scales of interest include 

• the faint young sun paradox (billions of years),  
• periodic extinctions and the Oort cloud (27 million-year periodicity),  
• the Cretaceous warm period (145-65 Mybp), 
• Antarctic continental drift (10 Mybp),  
• glacial /interglacial cycles (last million years), 
• the Emian interglacial (130-115 kybp), 
• Wisconsin glacial maximum (20 kybp), 
• the Bolling/Allerod warm period (14.6-12.9 kybp) 
• the Younger Dryas cold event (12.9-11.6 kybp), 
• Heinrich and Dansgaard-Oeschger events (millennial cycles), 
• the Holocene maximum (2-8 kybp), 
• the Medieval Optimum (600-1100 ypb; 900-1400 A.D.), 
• and the Little Ice Age (130-620 ybp; 1400-1890 A.D.) 

	



Figure 4.16.  Variation in earth orbital parameters as the basis for the Milankovich theory 
of glacial / interglacial cycles.
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Figure 4.2.  Global temperature variations over the last four glacial / interglacial cycles
inferred from Vostok deuterium [Petit et al. 2001; data from www.ncdc.noaa.gov/paleo].
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Figure 4.3.  Variations in Greenland surface temperature (oC) at GISP2 over the past 50,000 
years.  Note the common occurrence of Dansgaard-Oeschger events during the Wisconsin
Ice Age, but not during the Holocene [Alley et al. 2000, 2004, www.ncdc.noaa.gov/paleo].
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Figure 4.5.  Variation in Greenland surface temperature during 16 – 10 kybp [Alley et al. 
2000, 2004,  www.ncdc.noaa.gov/paleo].   The Bølling / Allerød period (14.6 – 12.9 kybp) 
began with, and the Younger Dryas period (12.9 - 11.6 kybp) ended with rapid warming.
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Figure 5.1b.  Latitude-altitude section of ozone number density along 95oE on August 24, 2000, 
contour interval 1.5 x 1017 molecules m-3.
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