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            Abstract
Milankovitch1 proposed that Earth resides in an interglacial state when its spin axis both tilts to a high obliquity and precesses to align the Northern Hemisphere summer with Earthâ€™s nearest approach to the Sun. This general concept has been elaborated into hypotheses that precession2, obliquity3,4 or combinations of both5,6,7,8 could pace deglaciations during the late Pleistocene9,10. Earlier tests have shown that obliquity paces the late Pleistocene glacial cycles4,11 but have been inconclusive with regard to precession, whose shorter period of about 20,000â€‰years makes phasing more sensitive to timing errors4,11,12. No quantitative test has provided firm evidence for a dual effect. Here I show that both obliquity and precession pace late Pleistocene glacial cycles. Deficiencies in time control that have long stymied efforts to establish orbital effects on deglaciation are overcome using a new statistical test that focuses on maxima in orbital forcing. The results are fully consistent with Milankovitchâ€™s proposal but also admit the possibility that long Southern Hemisphere summers contribute to deglaciation.
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                    Figure 1: 
                        Test of the Milankovitch hypothesis.
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Figure 2: 
                        Sensitivity of the test to choice of orbital forcing.
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Figure 3: 
                        Orbital forcing of glacial cycles.
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        Editorial Summary
How Pleistocene deglaciations gathered pace
The glacial cycles that characterize Earth's climate history are paced by variations in Earth's orbital orientation relative to the Sun. Into the middle Pleistocene about a million years ago, glacial cycles were paced by ~40,000-year cycles in Earth's tilt, or obliquity. Since then 100,000-year variations in orbital eccentricity seem to have dominated. Although it has been speculated that a combination of obliquity and precession (orbital axis orientation) might conspire to pace deglaciations, firm quantitative evidence has not emerged. Peter Huybers now uses advances in timing and statistics to show that indeed, obliquity and precession simultaneously pace deglaciations.
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