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External control or pure randomness of Dansgaard-Oeschger events?
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Dansgaard-Oeschger (DO) events constitute the most pronounced mode of centennial to millennial climate vari-
ability of the last glacial period. Since their discovery, many decades of research have been devoted to understand
the origin and nature of these rapid climate shifts. In recent years, a number of studies have appeared that report
emergence of DO-type variability in fully coupled general circulation models via different mechanisms. These
mechanisms result in the occurrence of DO events at varying degrees of regularity, ranging from periodic to ran-
dom.

When examining the full sequence of DO events as captured in the NGRIP ice core record, one can observe high
irregularity in the timing of individual events at any stage within the last glacial period. In addition to the prevail-
ing irregularity, certain properties of the DO event sequence, such as the average event frequency or the relative
distribution of cold (stadial) versus warm (interstadial) periods, appear to be changing throughout the glacial.

By using statistical hypothesis tests on simple event models, we investigate whether the observed event sequence
may have been generated by stationary random processes or rather has been strongly modulated by external fac-
tors. We find that the sequence of DO warming events is consistent with a stationary random process. In contrast,
dividing the DO event sequence into warming and cooling events leads to inconsistency with two independent
processes governing the respective event occurrences.

As we include external forcing, we find a particularly good fit to the observed DO sequence in a model where the
average residence time in interstadials and stadials are controlled by global ice volume and boreal summer insola-
tion, respectively. This novel finding is finally used to formulate new hypotheses for the mechanisms underlying
DO events.



