








































History of Orbital Theory  
 
 
1842   J. Adhemal   Role of axial tilt variations  
 
1875   J. Croll    Proposed glaciations = cold winters  
      (modern view is converse)  
      recognized role of snow albedo  
 
1920’s M. Milankovitch  Calculated periodicities to 600 Ka and used them to  
      “date” Gunz, Mindel, Riss Wurm  
 
1972   A.D. Vernekar ( Met. Monogr.)  
 
1976   J. Hays, J. Imbrie, N. Shackleton (1976) Pacemaker of the ice ages  
 
1977   A. Berger Refines Calculations  
 
 
Conditions for Glaciation (NOTE: latitudinal dependencies)  

• Small seasonal difference (in higher latitudes) i.e. small ε  
• Summer at aphelion (cooler summer)  
• Large e (amplifies cool summer; affects low latitudes)  

 
 
Magnitude of Forcing  

• Direct effects (radiation) ~0.5 K (J. Hansen et. al. 1984) therefore, feedbacks 
essential  

• Climate responses (glacier build up/decay) will lag by 5-10 Ka  
• Hemispheric Glacials~Synchronous! Land/sea contrasts, deep water circulation 






































