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Trigger (change in insolation) with feedback causes ice-sheets... 
to grow and keep growing 

or 
to melt and keep melting 

Ice-albedo feedback 

- Other feedbacks are needed to explain the magnitude of the changes. 
- Greenhouse gases (e.g. CO2 and CH4) seem to be involved.   
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r = 1 is a perfect fit 

r = -1 is also perfect fit 
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r = 1 is a perfect fit r = -1 is also perfect fit 

r = 0 means there is no (linear) relationship between the variables 



| r | = 0.7 is an ok fit 
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The ice volume time series 

•  the fraction of 18O to 16O in the shells of organisms 
preserved in deep sea sediment cores is proportional to ice 
volume 

• Composite stack from ~ 20 sediment cores  
Imbrie et al., 1984 

More Ice 

Less Ice 

•  maximum correlation of -0.4  
 with a 6 kyr lag of ice volume behind insolation 

           (e.g., low insolation is followed by increased ice)  

•  more ~100 kyr variability in ice volume than in insolation 
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•  Rate of change of ice volume is more directly related to 
high latitude NH summer insolation: 

Correlation of -0.8  (at zero lag) 
m,+(IFFW(
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Rate of change of ice volume 
 
•  Rate of change of ice volume more directly related to high 
latitude insolation 

•  Terminations coincide with insolation  
     maxima - points to insolation trigger  
 
•  Major difference is large negative rates  
     of ice change during major deglaciations 
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Table 5. Annual mean 1.5 m
temperature change, in Kelvin,
induced by the changed
boundary conditions simulated
and estimated. Note that the
land-sea mask is different at
21 kBP

Global N. Hemi- S. Hemi- Land Ocean
sphere sphere

Total (simulated)!4.4 !6.5 !2.3 !8.1 !1.7
Topography and
surface albedo (simulated)!3.0 !5.0 !1.1 !6.3 !0.6
CO

!
(estimated) !1.4 !1.6 !1.2 !1.8 !1.2

Insolation (simulated)!0.1 0.1 !0.2 0.0 !0.1
Topography (estimated) !0.7 !1.0 !0.3 !1.9 0.0
Total of rows 2, 3, 4 !4.5 !6.5 !2.5 !8.1 !1.9
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