Lecture 19; Orbital Variations in Ice Sheets

(Milankovitch Cycles)

Chapter 9 (p. 163-174, p. 210-228)

Question:

What is the temporal pattern of the glacial-
interglacial climate change?

What causes glacial-interglacial climate variability?

How has glacial-interglacial climate variability
changed in through history of the earth?

What are the outstanding questions in
understanding glacial-interglacial climate change?



Glacial and Interglacial Cycle
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18000 yrs ago, ice sheets surrounded much of the Arctic
Ocean. Today, ice sheets exist only on Greenland.
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Tectonic-scale cooling caused ice sheets to appear, but
why did they grow and melt over (the shorter) orbital-
scales?




Ice Growth and Decay:
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Link to earth’s orbital change:
Milankovitch Theory
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Milankovitch Theory of Climate Change
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Climate change may be driven by
changes in earth's

*Orbit eccentricity: from ellipse to
circle at 100,000 year cycles;

*Wobble (precession), from the north
pole pointing toward or away from
the sun in June at 23,000 year cycles,
and

*Tilt (obliquity): from 22.2° to 24.5° at
41,000 year cycles.




Milankovitch Theory of Climate Change
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The precession of the
earth’s axis changes
seasonal variations.

Presently the earth is
closest to the sun
(perihelion) in January

(the N.H. winter),
from the sun
( ) in July.

In about 11,500 years, the
earth will be closer to the
sun in July (the N.H.
summer), most distant
from the sun in January.



Testing the Milankovitch Theory
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Testing the Milankovitch Theory

Ice sheet evolution
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Discussion:

What is the temporal pattern of the glacial-interglacial
climate change and why?

What causes glacial-interglacial climate variability?

— In recent 650KY, why is the glacial-interglacial variability
strongest on 100KY cycle, corresponding to the weakest
insolation change, and weakest at 23KY-19KY, corresponding
to the strongest insolation change?

How has glacial-interglacial climate variability changed in
through history of the earth? Can you think of causes for
changes in glacial-interglacial climate variability?

What do we don’t know about glacial-interglacial climate
change?



