
Climatic Implications
Case study: glacial vs interglacial MOC

• An  open  question  baffling  the  oceanographic 
community  over  the  decades  has  been  the 
whereabouts  of  carbon  dioxide  missing  from 
the  atmosphere  (as  compared  to  present  day 
climate)  during  glacial  periods.  There  are 
suggestions  that  changes  to  the   ocean 
circulation could be responsible

• We know that sea level was lower by ~120m 
during the last glacial maximum (LGM)

• The lower sea level implies stronger tide field 
and larger deep ocean mixing (Schmittner et al)

• It  is  also  known  that  the  land  and  sea  ice 
extents  around  Antarctica  were  larger  during 
the LGM

• This  project  aims  at  changing  the  drivers  of 
MOC  according  to  the  above-mentioned 
criteria  and explore  the  implication for  MOC 
and the climate system



Case study: glacial vs interglacial MOC
where did all the carbon go?

One hypothesis: shoaling and isolation of AMOC 
(Ferrari et el. 2014)

But tides changed, so did mixing (Schmittner et al. 2015)

More evidence for the above
Amrhein et al. (2018)

contradicting?

Hypothesis 1

Hypothesis 2



Case study: glacial vs interglacial MOC

Tasks:
In this project we will
• explore the sensitivity of MOC to more realistic  deep ocean mixing distribution
• explore the impact of changes to MOC due to increase in tidal mixing during the LGM
• study the impact of changes of surface fluxes in the Southern Ocean during the LGM on the MOC 

(Rintoul_Nature_2018)
• construct an LGM and a present day (PD) circulation scenarios for both Atlantic and Pacific basins, 

compare them
• compare our findings with the two hypotheses mentioned in the previous slide
• explore the implications of changes of MOC between PD and LGM for carbon storage in the ocean

REVIEWINSIGHT

from below by warm waters entering the sub-ice-shelf cavity influences 
the thickness of ice shelves and their buttressing capacity79. The parts 
of the ice sheet that are grounded below present-day sea level (that 
is, marine-based ice sheets) are particularly sensitive to ocean-driven 
change in the ice shelves at their seaward edge. The marine-based ice 
shelves in the Amundsen and Bellingshausen seas are more exposed 
to ocean heat flux than are other parts of the Antarctic margin because 
the warm waters of the ACC abut the continental shelf in that region. 
The most rapid thinning and mass loss has occurred in the Amundsen 
and Bellingshausen seas, where waters over the continental shelf have 
warmed80.

However, there is growing evidence that the marine-based portion 
of the East Antarctic Ice Sheet may also be vulnerable to ocean-driven 
melt. Satellite measurements show that parts of the East Antarctic Ice 
Sheet, including the Totten glacier that holds a volume of ice equiv-
alent to more than 3.5 m of global sea-level rise, have thinned and 
that grounding lines have retreated in recent decades81. The Totten 
ice shelf experiences basal melt rates that are exceeded only by those 
of ice shelves in the Amundsen Sea82,83—a surprising result given the 
expectation that this part of the Antarctic margin was more isolated 
from warm ocean waters. But recent oceanographic observations on the 
continental shelf near the Totten ice shelf found that warm water was 
widespread, persisted through the year and reached the sub-ice-shelf 
cavity through a deep channel84,85. Recent simulations of the response 
of the ice sheet to future changes in climate suggest that the Aurora and 
Wilkes basins in East Antarctica will make a substantial contribution 
to future sea-level rise, with ice-sheet retreat initiated by ocean heat 
flux86,87.

To assess the potential vulnerability of the Antarctic Ice Sheet, the 
processes that regulate ocean heat transport to the sub-ice-shelf cavi-
ties, and their sensitivity to changes in forcing, need to be understood 
(Fig. 4). A key factor is the reservoir of ocean heat available for transfer 
across the shelf break, which is influenced by large-scale circulation 

features such as the ACC, the Weddell and Ross gyres and wind-driven 
upwelling. The boundary between warm offshore waters and cooler 
waters over the continental shelf (the Antarctic Slope Front) can move 
or change in strength in response to local and remote forcing88, altering 
the temperature of water available for transport across the shelf break. 
Warm water present at the shelf break can be transported onto the shelf 
by eddies89, Kelvin waves88 or by currents flowing along bathymetric 
contours in deep troughs on the continental shelf90. Air–sea interaction 
over the continental shelf influences how much of the heat that reaches 
the continental shelf makes it as far as the ice-shelf cavity. Strong ocean 
heat loss in polynyas can vent heat from the ocean before it reaches the 
ice shelf91. Wind forcing (local or remote) and polynya activity can 
alter the depth of the thermocline and so restrict or enhance the ocean 
heat flux to the cavity92. While ocean heat flux drives the melting of ice 
shelves, the input of glacial meltwater influences ocean circulation and 
sea ice74,93. Fresh water supplied by glacial melt increases the stratifica-
tion of shelf waters, inhibiting deep convection and thereby reducing 
the formation of AABW and further enhancing basal melt by allowing 
ocean heat at depth to reach the ice shelves rather than be lost to the 
atmosphere75,94. Although progress has been made in identifying the 
processes that regulate ocean heat transport to ice-shelf cavities, it is 
not yet possible to determine the relative importance of these processes, 
now and in the future.

Past and future change in the Southern Ocean
Given the effect of Southern Ocean processes on the global ocean cir-
culation, climate and sea level, changes in the region could have wide-
spread consequences. For example, changes in the amount of heat and 
carbon dioxide sequestered by the overturning circulation would act as 
a feedback on the rate of climate change. Increased ocean heat transport 
to ice-shelf cavities would drive increased basal melt, reduced buttress-
ing, loss of mass from the Antarctic Ice Sheet and a rise in sea level86. 
Despite recent progress, understanding of Southern Ocean dynamics 

Fig. 4 | Processes that control ocean heat flux to the Antarctic margin. 
The schematic illustrates physical processes that can influence the 
transport of warm water from the open ocean to the base of the floating 
ice shelves. The Antarctic Slope Front (ASF; white hatching and shading 
on the sea surface) forms the boundary between cold waters over the 
continental shelf and warm waters offshore. Processes that modify the 
strength and position of the Antarctic Slope Front (such as tides, wind or 
Kelvin waves) can influence the transport of warm water onto the shelf. 
Wind or buoyancy forcing (local or remote) can change the depth of the 
thermocline on the shelf (dotted white line), affecting how much warm 
water can reach the ice-shelf cavity. Eddies contribute to transferring 

warm water across the edge of the continental shelf. Warm water can also 
be steered towards the shelf through deep troughs in the continental shelf. 
Heat loss in coastal polynyas can vent heat from warm waters on the shelf 
before they reach the ice shelves, thereby inhibiting basal melt, or drive 
export of cold, dense shelf waters (blue arrows) that is balanced by onshore 
transport of warm offshore waters (red arrows). The large-scale circulation 
(for example, gyres and the ACC) and changes in deep water properties or 
upwelling strength can influence the reservoir of ocean heat available for 
transport onto the shelf. Changes in wind can affect the upwelling of warm 
deep water and ocean currents so as to either  facilitate or inhibit cross-
shelf exchange of warm water.
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