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General comments
Alvarez-Solas et al. investigate the behaviour of the Eurasian Ice Sheet (EIS) during the Last Glacial
Period (LGP), with a particular focus on the Marine Isotope Stage 3 (MIS3). They run a hybrid 3-D ice
sheet model with explicit grounding line treatment and calving, using an offline climate forcing which
separates orbital- and millennial-scale climate variability. After an initial control simulation providing
the initial state for MIS3, the authors carry out a number of transient model experiments comparing
the relative importance of the atmosphere and the ocean in driving ice sheet change over the MIS3
period. Particular attention is paid to the atmospheric and oceanic role in forcing ice sheet change
during transitions from stadial (cold) to interstadial (warm) periods. Separate experiments are also
carried out for how temperature changes in the surface and subsurface ocean affect the EIS.
The authors find a highly dynamic EIS during the LGP, and that ocean forcing dominates ice sheet
mass loss and associated sea level rise during stadial-to-interstadial transitions. The imposed ocean
forcing is able to force large-scale, abrupt grounding line retreat and associated high rates of ice
discharge into the ocean. Conversely, atmospheric forcing (surface ablation) is not found to have a
strong effect except in localized sectors, contributing little to overall ice discharge during abrupt
climate transitions. They further find that temperature change in the surface ocean induces a stronger
ice dynamic response in the ice sheet model than does the subsurface ocean, and that these change
occur in an out- of-phase manner. They therefore suggest that ocean surface warming is the most
effective forcing of EIS change during MIS3 stadial-to-interstadial transitions. Based on this and
previous work (Alvarez-Solas et al. 2013), they argue that ocean-ice sheet interactions can account
for “virtually all ice rafting events in the North Atlantic” during MIS3, as manifested in IRD records by
Heinrich events from the Laurentide Ice Sheet during stadials, and by ice discharge from the EIS
during interstadials.
Ice sheets are regarded as key players during abrupt climate change, but the underlying mechanisms,
roles of oceanic versus atmospheric forcing, and involved ice sheet dynamics is far from resolved, as
the authors rightly point out. This study is therefore a timely and exciting contribution to the
community. The directed focus on MIS3 rather than the entire LGP allows for a more detailed
comparison between different forcing, as well as some analysis of the transient ice dynamics using a
3-D ice sheet model, albeit with the model’s inherent limitations in parameterizations and spatial
resolution (see below). The manuscript is generally well written and nicely illustrated with figures.
Some improvements can be made on the structure of the Results and Discussion sections since
these are a little hard to follow, perhaps separating at least the Results into different subsections.
While the ice sheet model dynamics used is fairly standard (hybrid SSA-SIA), the way climate forcing
is implemented is more novel (albeit offline). Further, applying the idea of the EIS as a contributor to
the North Atlantic IRD record in the framework of a dynamic, transient ice sheet model has not been
done in this manner before. The study tests relative contributions of ocean and atmospheric forcing,
and further subdivides ocean forcing into surface and subsurface changes, which has not been done
for the MIS3 and for the EIS.
Overall I am positive to the scientific focus and scope of the manuscript. I do however have a few
major and a number of minor concerns that I’d like to see addressed. My concerns are mostly related
to an incomplete description of the model dynamics and setup, and the need for a discussion of
related uncertainties. I would like to point out that the authors should be able to address most of these
concerns without the need for additional model simulations.

