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Constraining the past sea ice variability in the Nordic Seas is critical
for a comprehensive understanding of the abrupt Dansgaard-
Oeschger (D-O) climate changes during the last glacial. Here we
present unprecedentedly detailed sea ice proxy evidence from two
Norwegian Sea sediment cores and an East Greenland ice core to
resolve and constrain sea ice variations during four D-O events
between 32 and 41 ka. Our independent sea ice records consis-
tently reveal a millennial-scale variability and threshold response
between an extensive seasonal sea ice cover in the Nordic Seas
during cold stadials and reduced seasonal sea ice conditions during
warmer interstadials. They document substantial and rapid sea ice
reductions that may have happened within 250 y or less, concom-
itant with reinvigoration of deep convection in the Nordic Seas
and the abrupt warming transitions in Greenland. Our empirical
evidence thus underpins the cardinal role of rapid sea ice decline
and related feedbacks to trigger abrupt and large-amplitude climate
change of the glacial D-O events.
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Sea ice is a critical component of the global climate system as
it affects Earth’s albedo, phytoplankton productivity, ocean-

atmosphere heat and gas exchange, and ocean circulation (1).
Rapid sea ice retreat, as observed in the modern Arctic Ocean,
exerts important climate feedbacks that may lead to an accelera-
ted climate warming at northern high latitudes (2). While many
climate models have difficulties in reproducing the currently ob-
served Arctic sea ice decline (3), the rates of ongoing atmospheric
warming in some Arctic regions are already comparable with those
of prominent abrupt climate changes that occurred during the
last glacial period (4). The latter are referred to as Dansgaard–
Oeschger (D-O) climate events and known from Greenland ice
core records as abrupt shifts between cold Greenland stadials
(GS) and warmer Greenland interstadials (GI) occurring repeat-
edly ∼10–110 ka (5, 6). The millennial-scale glacial climate vari-
ability was a global phenomenon with different characteristics in
the northern and southern hemispheres, but the most striking
feature of the D-O events is an extremely abrupt climate transition
that includes an atmospheric warming of 5–16.5 °C over the
Greenland ice sheet happening in just a few decades (7). Analo-
gous to the modern and future sea ice retreat and resulting
warming in the Arctic, the abrupt D-O climate transitions are
widely believed to have been amplified by rapid sea ice retreat in
the Nordic Seas (8–15).
Today, the Nordic Seas are largely ice-free, and warm Atlantic

surface waters flow into the Norwegian Sea as far north as
Svalbard at ∼80°N (Fig. 1), where the Arctic sea ice cover is being

eroded, in particular in the Barents Sea. The warm Atlantic sur-
face waters release heat to the atmosphere as it flows northward,
which is accompanied by convective intermediate and deep-water
formation between Norway and Greenland, feeding the lower limb
of the Atlantic Meridional Overturning Circulation (AMOC) (16).
A portion of the Atlantic waters continues flowing into the strat-
ified Arctic Ocean as subsurface waters (17). While the pattern of
ocean circulation during GI was fairly comparable to that today,
proxy data indicate that the glacial Nordic Seas exhibited a stable
surface stratification during GS, similar to the modern Arctic
Ocean (13, 18). The AMOC and associated northward surface
heat transport into the Nordic Seas were weakened during GS,
with most extreme weakening related to Heinrich events signified
by massive iceberg discharges to the North Atlantic (19, 20). In-
termediate and deep waters in the stadial Nordic Seas were 2–4 °C
warmer as compared with GI or modern conditions, resulting from
a stable halocline and reduced open-ocean convection (21, 22).
Contemporaneously, an extended sea ice cover reaching at least as
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The last glacial period was marked by abrupt, high-amplitude
Greenland warming events, known as Dansgaard–Oeschger
(D-O) events, which were likely linked with Nordic Seas sea ice
retreat. We reconstruct the sea ice variability during four D-O
events ∼32–41 ka with unprecedented spatial representation
and rigorous temporal constraints, using proxy records from
two Norwegian Sea sediment cores and an East Greenland ice
core. Our records reveal millennial-scale variations between
extended sea ice conditions and reduced seasonal sea ice
conditions, with rapid sea ice reductions at the onset of D-O
events. Our findings imply that rapid sea ice reduction ampli-
fied ocean-atmosphere processes causing the abrupt D-O cli-
mate transitions, providing constraints for model simulations
of abrupt climate changes and their mechanisms.
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