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Abstract Using outputs from eight Coupled Model Intercomparison Project Phase 6/Paleoclimate Model
Intercomparison Project phase 4 models, we compare the hydrography and surface ocean circulation in the
Arctic and sub-Arctic regions across three climate states: the pre-industrial (PI; 1850 CE), the Last Interglacial
(LIG; 127 ka BP), driven by strong summer insolation in the high latitudes of the Northern Hemisphere, and an
idealized future scenario forced by increasing atmospheric CO, concentration. Insolation forcing at 127 ka
causes an anomalous cyclonic circulation over Greenland and surrounding seas, which enhances the Baffin and
Labrador currents, while slightly weakening the East Greenland Current relative to PI. These changes affect sea-
ice and water export on both sides of Greenland. Most models also simulate a strengthened North Atlantic
Subpolar Gyre (SPG) and increased volume transports through Fram Strait and Barents Sea Opening. However,
this does not always correlate with a larger heat transport into the Arctic. In contrast, under increased CO,
forcing, the SPG weakens, but more heat is carried toward the Arctic compared with the PI and LIG simulations.
Consequently, temperatures of the surface and subsurface waters are higher in the Eurasian Basin and sea-ice
decline in the Barents Sea is more pronounced in the idealized future experiment. These changes closely
resemble the ongoing Arctic Atlantification, whereas evidence for a similar process in the LIG simulation is less
clear.

Plain Language Summary The Last Interglacial (LIG; ~129-116 thousand years ago) was the most
recent period before today with significantly higher surface temperature in the Arctic region than those of the
pre-industrial (PI) era. This warming was driven by stronger summer insolation relative to today and further
amplified by regional sea-ice feedbacks. Because sea-ice changes during the LIG may have been comparable in
magnitude to those projected for the near future, this period provides a valuable reference for understanding how
the Arctic system responds to rising surface temperatures. In this study, we use climate model simulations to
compare Arctic and sub-Arctic oceanic conditions during the early LIG (127,000 years ago), the PI period, and
an idealized future scenario driven by increasing atmospheric CO, concentration. Our results show that
differences in the climate forcing, that is, solar radiation during the LIG versus rising CO, in the future, lead to
contrasting wind patterns, which in turn alter surface ocean circulation and the transport of water and sea ice
differently. Notably, in the idealized future experiment, the Arctic Ocean is more influenced by sub-Arctic and
Atlantic water masses than in the early LIG simulation.

1. Introduction

In recent decades, anthropogenic warming has been pushing the Arctic toward a new state. Ongoing trans-
formations include a dramatic reduction in Arctic sea-ice cover (AMAP, 2021; Stroeve & Notz, 2018; Wang
et al., 2022), alterations of freshwater and heat budgets (Solomon et al., 2021; Timmermans & Marshall, 2020),
changes in oceanic circulation and deep convection (Timmermans & Marshall, 2020), among others (Druck-
enmiller et al., 2021; Meredith et al., 2019). These processes are deeply interconnected and their variations remain
poorly understood, partly due to the logistical difficulties of accessing and observing the central Arctic Ocean,
especially regions under perennial sea ice, and the challenges of accurately simulating its dynamics in climate
models (Athanase et al., 2025; Heuzé et al., 2023; Khosravi et al., 2022).
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Figure 1. Map of the Arctic and sub-Arctic regions highlighting the locations of key seas and basins mentioned in this study.
Thick black lines indicate the four main Arctic gateways: Bering Straits (BS), Barents Sea Opening (BSO), Fram Strait (FS)
and Davis Strait (DS). The bathymetry is based on Version 4.2.13 of the International Bathymetric Chart of the Arctic Ocean
(IBCAO; Jakobsson et al., 2020).

The study of past warm periods provides a unique opportunity to investigate the response of the Arctic to varying
boundary conditions and warming rates. The Last Interglacial period (LIG; ~129,000 to 116,000 years ago)
represents the most recent time, prior to the current interglacial, when Arctic surface temperatures exceeded those
of the pre-industrial era (PI; 1850 CE). Moreover, the higher sea level provides clear evidence for reduced ice
sheets and glaciers in polar regions (Dyer et al., 2021). Despite progress, the hydrography and sea-ice conditions
of the central Arctic during the LIG remain debated largely due to dating uncertainties and conflicting proxy
perspectives (Vernal et al., 2013; Razmjooei et al., 2023). Interpretations range from larger than modern to
considerably reduced Arctic sea-ice cover at the interglacial onset (Kageyama et al., 2021; Ngrgaard-Pedersen
et al., 2007; Stein et al., 2017; Vermassen et al., 2023). The Arctic Ocean is connected to the sub-Arctic via four
main gateways: the Fram Strait, Barents Sea Opening (BSO), Bering Strait, and Davis Strait (Figure 1). Sea ice
drift and water exchanges through these gateways influence the hydrography of the Arctic Ocean through heat and
freshwater transports. Analyzing these fluxes provides additional insight into Arctic oceanic conditions. For
example, proxy evidence from marine sediment cores documents repeated periods of more pronounced influence
of warm Atlantic Water (AW) during past interglacials compared to the Holocene (Vermassen et al., 2023). AW
inflows are a good indicator of changes in oceanic circulation and stratification, and contribute to sea-ice loss. In
the sub-Arctic region, the properties and circulation of water masses are better constrained thanks to higher-
resolution and more accurately dated marine records. Analysis of sediment cores reveals that different parts of
the sub-Arctic did not experience the onset of LIG warming simultaneously. The eastern Nordic Seas, Fram Strait
and Gardar Drift record a delayed warming of several millennia after peak insolation forcing (Eynaud et al., 2004;
Ezat et al., 2024; Steinsland et al., 2025; Van Nieuwenhove et al., 2011; Zhuravleva, Bauch, & Spielhagen, 2017).
In contrast, the central and western Nordic Seas, the subpolar North Atlantic, and the Labrador Sea experienced
the strongest warming during the early LIG (Bauch, 2013; Bauch et al., 2012; Eynaud et al., 2004; Irvalu
et al., 2012, 2016; Penaud et al., 2008; Rasmussen, Oppo, et al., 2003; Rasmussen, Thomsen, et al., 2003;
Steinsland et al., 2023; Zhuravleva, Bauch, & Van Nieuwenhove, 2017). This spatio-temporal pattern has been
attributed to variations in large-scale surface ocean circulation and associated heat transport, particularly changes
in the extent of the North Atlantic Subpolar Gyre (SPG) through the LIG (Irvali et al., 2012, 2016; Steinsland
et al., 2023; Zhuravleva, Bauch, & Van Nieuwenhove, 2017). For example, during the early LIG (128-126.5 ka),
a stronger and more expansive SPG facilitated the advection of warm AW into the subsurface layer of the
Labrador Sea, while cold polar waters transported by the East Greenland Current (EGC) dominated the surface.
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At the same time, North Atlantic Deep Water (NADW) formation and northward heat transport likely weakened
due to freshwater input to the Nordic Seas, associated with the melting of the Greenland Ice Sheet (Galaasen
et al., 2014) and/or Arctic sea-ice (Ezat et al., 2024). However, some uncertainties remain. For example, pale-
oceanographic studies often assume modern-like oceanic circulation when interpreting proxy data, whereas it is
not certain that ocean circulation during the LIG followed the same patterns.

Simulations of the LIG provide valuable insights into Arctic and sub-Arctic interactions within a global context,
offering a framework that can help to interpret the signals preserved in proxy records. As part of the Coupled Model
Intercomparison Project Phase 6 (CMIP6) and the Paleoclimate Model Intercomparison Project Phase 4 (PMIP4), a
dedicated LIG experiment was designed to capture the climatic response to orbital and greenhouse gas forcings at
127 ka. This interval coincides with the peak insolation and is characterized by a topography of the Greenland ice
sheet that is believed to be very close to its PI configuration. Previous analyzes of this simulation have highlighted
the strong impact of insolation on the Arctic sea-ice cover (Crow & Prange, 2025; Diamond et al., 2021; Guarino
et al., 2020; Kageyama et al., 2021; Sicard et al., 2023; Sime et al., 2023) and its associated effects, including
amplified surface warming in summer (Guarino et al., 2020; Sicard et al., 2022; Sime et al., 2023), increased
precipitations (Sime, Sivankutty, et al., 2025), extended warming into autumn (Sicard et al., 2022), and altered sea-
ice growth (Sicard et al., 2022; Sime, Diamond, et al., 2025). Although previous studies have mainly addressed
Arctic sea-ice changes, key aspects of the Arctic Ocean and surrounding sea hydrography and circulation remain
underexplored, despite proxy evidence for significant changes during the early LIG.

This study aims to address these gaps by providing a comprehensive analysis of the Arctic and sub-Arctic regions
during the early LIG and comparing the results with an idealized future scenario. Section 2 describes the nu-
merical experiments and diagnostics used to assess gyre dynamics and water transports. In Section 3, we present
the results, focusing on changes in temperature, salinity, surface circulation, and mixed-layer depth during the
early LIG. Section 4 compares the effects of LIG insolation forcing with those of increased atmospheric CO,
concentration in the near future, while Section 5 discusses the implications of these findings and their consistency
with proxy reconstructions. Finally, Section 6 summarizes our main findings.

2. Methods
2.1. Description of the CMIP6/PMIP4 Simulations

Three time periods are studied, each corresponding to a CMIP6/PMIP4 experiment: piControl (Eyring et al., 2016)
for PI, lig127k (Otto-Bliesner et al., 2021) for the early LIG, and 1pctCO2 (Eyring et al., 2016) for idealized future
conditions. The list of models and simulation DOISs is provided in Table S2 in Supporting Information S1.

The piControl simulation is a time-slice experiment for the year 1850 and serves as the reference. For each model,
we use the first ensemble member when multiple members were available. The lig127k simulation corresponds to
a snapshot of the climate 127,000 years ago (Kageyama et al., 2018; Otto-Bliesner et al., 2017). It is characterized
by a perihelion near the boreal summer solstice, high orbital eccentricity and obliquity (Berger & Loutre, 1991),
while greenhouse gas concentrations were close to those of the PI period. Full experimental details are provided in
Otto-Bliesner et al. (2017) and the main boundary conditions are summarized in Table S1 in Supporting Infor-
mation S1. Only the last 100 years of the piControl and ligl27k simulations are used. Following what was
previously done in Kageyama et al. (2021), we analyze the 1pctCO2 experiment to explore potential links be-
tween the LIG and future Arctic warming. In this experiment, atmospheric CO, increases by 1% per year from PI
levels, while other atmospheric components remain fixed. This experiment has been mainly selected for its simple
forcing relative to CMIP6 emission-based scenarios. For each model, we identified the period when the 10-year
running mean of annual Arctic sea-ice volume matches that of the ligl27k simulation, using the same time
windows as in Sicard et al. (2023). As HadGEM3 was not included in that study, we determined the corresponding
period as years 43-53 of the 1pctCO2 simulation following the method in Sicard et al. (2023). The piControl,
lig127k and 1pctCO2 experiments are hereafter referred to as “PI,” “127k” and “idealized future” respectively.

Sixteen climate models completed the 127k experiment. However, we only selected those for which most of the
required oceanic outputs are available, for all three periods, on the Earth System Grid Federation (ESGF; https://e
sgf-node.llnl.gov/projects/esgf-1Inl/, last accessed 09 November 2025). This reduces the ensemble to eight
models, although the number varies between six and seven for some analyzes, depending on data availability
(Table S3 in Supporting Information S1).
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Model horizontal grids were interpolated on a 1° grid using the Climate Data Operators (CDO; Schulz-
weida, 2022) when the multi-model mean (MMM) is needed. Bilinear interpolation was applied to atmospheric
fields, whereas distance-weighted interpolation was used for ocean variables, because it proved to better handle
discontinuous fields. Vertical model levels were linearly interpolated onto the 33 levels of the Polar Science
Center Hydrographic Climatology (PHC3) data set.

In the following, we define the Arctic and sub-Arctic regions as the area between 60°N and 90°N. Regional
analyzes were also performed with a focus on the Eurasian and Amerasian basins (Figure 1), as well as the Arctic-
Atlantic sector, including the Labrador Sea, subpolar North Atlantic, and Nordic Seas.

2.2. Computation of the Barotropic Streamfunction

The barotropic streamfunction ®(x,y) is a useful tool for identifying changes in ocean gyres and surface ocean
circulation. Here, This was estimated as the cumulative sum of the depth-integrated zonal velocity component
U(x,y) along the latitudes or meridional velocity component V(x,y) along the longitudes:

,
®,(x.y) =/ UCe.y)dy

(1)
®,(x.y) = / V(x.y)dx

west

Depending on the model grid, @, (x,y) or ®,(x,y) were alternatively computed. The value at the southern South
Africa reference point was then subtracted to minimize the influence of inter-model differences in Antarctic
Circumpolar Current strength and to better isolate changes in the flow north of this region.

2.3. Computation of Volume, Heat, and Freshwater Transports

To evaluate how exchanges with the North Pacific and North Atlantic influence Arctic water properties and sea-
ice cover, volume (OVT), heat (OHT) and freshwater (FWT) transports were computed using monthly sea water
velocity, potential temperature, and salinity. All the calculations are done on the original model grid as follows:

X2 0
OVT = / f v(x,y,z)dxdz @)
xl —H

where v(x,,7) is the three-dimensional velocity (m.s~!) normal to the section, and x1 and x2 are the western and
eastern boundaries respectively.

X2 0
0T =o€, [ [ (A1) = Tl i o)
xl —-H

where p, is the reference density of seawater (1,025 kg.m™3), C, is the heat capacity of seawater

(3,8501 .kg‘l."C_l), T(x,y,z) is the three-dimensional temperature (°C), and T,L,f is the reference temperature set
to 0°C.

x2 0
FWT = / f VLY, 2[Sser — S(X,Y,2)]/ Sy dx dz @
x1 —-H

where S(x,y,z) is the three-dimensional salinity (psu), and S, is the reference salinity. S, is defined as 34.8 psu,
which corresponds to the mean Arctic Ocean salinity (Aagaard & Carmack, 1989) and is commonly used in Arctic
multi-model studies.

To ensure consistent comparison between simulations, the same reference temperature and salinity are applied
across all models and time periods. The choice of T, and S, influences the absolute magnitude of transports
across a gateway, but the relative changes and variability are not affected by this choice.
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3. Key Properties of the Arctic Ocean During the Early Last Interglacial
3.1. Arctic Ocean Hydrography

In the Arctic, models generally simulate higher sea surface temperatures (SST) at 127 ka compared with the PI
period (Figures 2a—2c). The largest differences occur around Greenland with a maximum southeast of the island.
This surface warming is directly related to the retreat of the sea-ice edge (Figures 2g-2i and Figure S1 in Sup-
porting Information S1), as reduced albedo enhances the oceanic absorption of solar radiation. South of
Greenland, however, changes in SST extend beyond the region of sea-ice retreat, indicating additional drivers.

Across the central Arctic and surrounding seas, the SST changes are consistent between models, except in the
Norwegian Sea and northern North Atlantic, where the AW circulates.

At deeper depth, oceanic waters are on average cooler than PI conditions in both the Eurasian and Amerasian
basins (Figures 3a and 3b respectively). Maximum cooling occurs between ~1,000 and 2,000 m, where Arctic
deep waters are typically found. Above this layer lies the AW. In climate models, the AW layer can be
identified by finding the maximum temperature between ~150 and 1,000 m (Khosravi et al., 2022), also
called the Atlantic Water Core Temperature (AWCT). The depth of the AWCT is defined as the Atlantic
Water Core Depth (AWCD). In the Eurasian Basin, the AWCT decreases, on average, by ~0.2°C at 127 ka
relative to the PI period. However, not all models agree on this cooling (Figure S3 in Supporting Infor-
mation S1). Three models (ACCESS, HadGEM3, and NorESM2) simulate a warming, and one (CESM2)
shows little differences from PI. The AWCD ranges from 370 to 900 m in the PI experiment, and from 230 to
900 m in the 127k simulation. Two models indicate shoaling of the AW layer (GISS and NorESM2), whereas
other models either show no change or a deepening. This shoaling is associated with warming only in
NorESM2.

In the Amerasian Basin, the simulated changes are generally similar in magnitude to those in the Eurasian Basin
(Figure S4 in Supporting Information S1).

In terms of sea surface salinity (SSS), the Amerasian Basin experiences a marked freshening in the 127k
simulation, whereas changes in the Eurasian Basin are not consistent across models. The largest SSS differences
occur north of the Canadian Arctic Archipelago (CAA), within the Beaufort Gyre region (Figure 2f), where
salinity locally decreases by more than 1 psu. Such changes typically reflect variations in freshwater sources,
including the precipitation-minus-evaporation (P—E) budget, sea ice, river discharge, and Pacific Water (PW)
inflows, and/or from freshwater redistribution within the Arctic Ocean (Timmermans & Toole, 2023). We further
examined P—E and runoff changes, but limited data restricted the analysis to a few models, so results should be
interpreted cautiously. In the 127k experiment, changes in P—E budget are larger over land than over oceanic areas
(Figure S7 in Supporting Information S1). Over the Arctic Ocean, the P-E budget is on average higher compared
with the PI experiment. The spatial distribution of river runoff changes varies among models, but most of them
indicate stronger inputs to the Beaufort, Chukchi, and East Siberian seas in the 127k experiment (Figure S8 in
Supporting Information S1). However, these changes do not explain why the largest surface freshening occurs
north of the CAA, suggesting that freshwater redistribution by ocean currents and/or sea-ice transports likely
plays a dominant role.

South of Greenland, more saline waters lay at the surface compared with PI. These changes in SSS are associated
with higher SST (Figures 2c and 2f) and a reduced sea-ice cover (Figure S1 in Supporting Information S1). They
could come from differences in the properties and/or volume of waters transported by the EGC, Baffin Current,
and Irminger Current, which converge in this region. Outside the regions north of the CAA and south of
Greenland, models do not always agree on the sign of SSS changes relative to PI. In particular, model responses to
127 ka forcing diverge in the Nordic Seas, a key region where sea water properties influence deep water for-
mation. The MMM salinity profiles in the Eurasian and Amerasian basins are broadly similar between the PI and
127k experiments (Figures 3c and 3d). The largest changes are found in the surface layer of the Amerasian Basin,
consistent with the patterns shown in Figure 2f. At greater depths (>200 m), salinity differences are minor,
typically within ~0.1 psu or less in both basins, with the most pronounced changes simulated by the IPSL model
(Figures S5 and S6 in Supporting Information S1).

Overall, changes in SST and SSS are relatively robust, as they are directly influenced by changes in sea ice, and all
models consistently simulate summer sea-ice loss at 127 ka in these regions. At greater depths, however, models
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Figure 2. Multi-model mean of annual surface conditions for the pre-industrial (PI), Last Interglacial (127 ka), and their
differences: (a—c) sea surface temperature (°C), (d-f) sea surface salinity (psu), and (g—i) sea-ice concentration (%). In panels
(c), (), and (i), dots mark regions where at least six of the eight models agree on the sign of change between the 127k and PI
simulations, indicating robust differences.

show less agreement in salinity and temperature differences relative to PI, particularly within the AW layer. This
may reflect differences in model responses, but it could also arise from variations in deep-ocean equilibrium, as
the AW layer typically adjusts over multi-centennial timescales, while deeper layers require even longer model
integration times to stabilize.
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Figure 3. Annual ocean temperature (°C) and salinity profiles (psu) for the Eurasian and Amerasian basins. The black dashed
line indicates the Polar Science Center Hydrographic Climatology (PHC3; Steele et al., 2001). Solid lines represent the
annual multi-model mean: black for the pre-industrial period, blue for the Last Interglacial (127k), and orange for the
idealized future experiment (Future).

3.2. Oceanic Circulation in the Arctic and Sub-Arctic Regions

Despite the sometimes coarse resolution, the models simulate an Arctic Ocean circulation for the PI era that
resembles the observed circulation in the historical period, with its main features well represented (Figure 4a): the
Bering Current in the North Pacific sector, the TransPolar Drift, the Beaufort Gyre in the Amerasian Basin, and
strong surface currents in the Baffin, East Greenland, and North Atlantic sectors of the Arctic Ocean.

At 127 ka, the overall circulation pattern resembles that of the PI, but its strength differs (Figures 4b and 4c).
There are no major differences in surface current speed in the central Arctic between the 127k and PI simulations,
except a slight intensification at the surface of the Beaufort Gyre (Figure 4c), which is not representative of the
overall slowdown of the Beaufort Gyre highlighted by changes in the barotropic streamfunction (i.e., velocities
integrated over the whole water column) on Figure 4f. Larger differences can be observed west of Greenland,
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Figure 4. Multi-model mean of annual upper-ocean dynamics for the pre-industrial (PI), Last Interglacial (127k), and their
differences: (a—c) ocean surface currents (colors indicate current speed in cm.s™'; arrows show direction), (d—f) barotropic
streamfunction (Sv; NESM3 not included), and (g-i) mixed-layer thickness (m; MIROC not included). In panels (f), and (i),
dots mark regions where at least six (five) of the eight (seven) models agree on the sign of change between the 127k and PI

simulations, indicating robust differences.

where the 127k simulation is characterized by stronger velocities along the Baffin and Labrador currents relative
to PI. This is associated with an enhancement of the cyclonic circulation of the SPG in most models (Figure 4f).
Only the IPSL model deviates from this general behavior by simulating a weaker SPG, likely due to its inaccurate
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representation of overflow waters and deep western boundary currents, as well as precipitation biases in the North
Atlantic (Boucher et al., 2020).

The depth of the winter ocean mixed layer is commonly used to monitor deep convection in climate models. It
mainly varies in response to changes in surface buoyancy and surface wind stress. In the 127k and PI experiments,
the models generally show three main regions of thick mixed layer, corresponding to areas of NADW formation
(Figures 4g and 4h): the Labrador Sea (with an extension southward into the northern North Atlantic), the
Greenland Sea, and the Irminger Sea south of Iceland. At 127 ka, there is a general thinning of the mixed layer in
the Greenland and eastern Irminger seas (Figure 4i). This is a robust result despite inter-model differences in SSS
changes (Section 3.1, Figure 2f). This implies that mixed-layer thinning in these regions is primarily driven by sea
surface warming (Figure 2c), which contributes to reducing surface density, strengthening stratification, and
subsequently inhibiting mixing. In the northern Labrador and western Irminger seas, most models simulate a
thickening of the mixed layer. However, in the southern Labrador Sea, differences in mixed-layer thickness are
not consistent across models, similar to what is found for SST and SSS. This region is strongly influenced by the
advection of subtropical waters, and inter-model differences may therefore reflect variations in local processes
and/or in the properties of the advected water masses.

Finally, it is worth noting that mixed-layer thickening in the Labrador Sea and its thinning in the Greenland and
Irminger seas offset one another, resulting in no significant change in the Atlantic Meridional Overturning
Circulation (AMOC) strength relative to PI (Jiang et al., 2023; Table S4 in Supporting Information S1).

3.3. Annual Volume-, Heat-, and Freshwater-Transports Through the Main Arctic Gateways

The analysis of oceanic transport across key gateways provides further insight into changes in water masses
property and circulation in the Arctic Ocean basin. Although models show a substantial spread in transport
magnitudes (Table 1), the results presented in the following are robust since most models agree on the sign of the
transport differences unless otherwise noted.

In the PI simulation, annual volume transports into the Arctic through Bering Strait and BSO are positive, while
water exits the Arctic through Fram and Davis straits (Table 1a). Simulated volume transports compare well with
observations for the 1987-2007 period (Beszczyska-Moller et al., 2011). Transport through Davis Strait is
slightly lower in the PI simulation, but remains within the uncertainty range. In the 127k experiment, these major
entry and exit routes remain the same, but the volume transport is reduced through Davis Strait (more export),
higher through BSO (more import) and Fram Strait (less export) and similar through the Bering Strait relative to
PI. These differences in volume transport are consistent with changes in surface current intensity (Figure 4c) and
affect heat and freshwater transports.

The Arctic Ocean receives heat from lower latitudes primarily through Fram Strait and BSO, where warm AW
enters the Arctic Ocean. At 127 ka, the MMM indicates an increase in net heat transport (Table 1b), mainly driven
by enhanced heat transport through Bering Strait and BSO relative to PI. This may suggest stronger inflows of
both PW and AW during the early LIG. However, this result is not robust, and some models exhibit different
patterns. For example, the IPSL model simulates reduced heat transport through Bering Strait and increased
transport through the other three gateways. Two models (MIROC and NorESM2) even show lower net heat
transport in the 127k simulation than in the PI experiment (not shown).

Total freshwater transport results from the combined inflow of relatively fresh PW and saline AW into the Arctic
Ocean and freshwater export through Fram and Davis straits. In the PI simulation, the sum of these fluxes is
negative (Table 1c). At 127 ka, models generally simulate reduced freshwater flux through Bering Strait and
reduced saline inflow through BSO relative to PI. At the same time, freshwater export through Davis Strait is
stronger than for PI and no significant changes occur through Fram Strait. As a result, total freshwater transport
becomes more negative, contributing to a reduction in Arctic freshwater content. Therefore, changes in freshwater
transport through gateways do not explain why the Amerasian Basin experiences surface freshening in the 127k
simulation (Figure 2f). As the SSS changes highlighted in Section 3.1 cannot be attributed to freshwater exchange
with regions outside the Arctic, the redistribution of river runoff, precipitation, and sea-ice meltwater flux within
the Arctic Ocean is likely the main driver of surface freshening north of Greenland and the CAA.
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Table 1
Mean Annual Ocean Transports Through the Main Arctic Gateways and Inter-Model Standard Deviations

Arctic gateways Observations PI 127k Future

(a) Volume transport (Sv)

Bering Strait 0.8 £ 0.2 (1990-2007) 09+04 09+04 09+03
Barents Sea Opening (BSO) 2.0 (1997-2007) 22+13 25+15 27x15
Fram Strait —2.2 + 2.7 (1997-2007) —22+14 —21x14 —28+1.6
Davis Strait —2.6 £ 1.0 (1987-1990) —-1.1 £09 —-14£09 —0.8 £0.8
Total 0.0£0.1 0.0 £0.1 —0.1 £0.1
(b) Heat transport (TW)
Bering Strait 10 to 20 (1998-2007) 25+£15 3015 53+£29
Barents Sea Opening (BSO) 50 to 70 (1997-2007) 51.8 £27.7 59.8 £ 16.4 70.8 £45.4
Fram Strait 36 + 6 (1997-2009) 176 £ 11.4 16.4 £ 9.5 254 = 11.1
Davis Strait 18 = 17 (1987-1990) 74 £32 75+£29 6.7 £2.6
Total 79.3 £324 86.8 £ 44.5 108.2 £ 54.0

(c) Freshwater transport (10°km?.year™")

Bering Strait 2.5 = 0.6 (1999-2005) 25+ 1.1 22+ 1.0 25+1.0
Barents Sea Opening (BSO) 1.7 to 1.9 (1997-2007) —-0.7+04 —-04 +£0.7 —04+04
Fram Strait —2.5 to —2.1 (1997-2009) -22+14 —23+£09 -37x15
Davis Strait —2.9 + 1.1 (1987-1990) —20=x15 -3.0x17 —23=+18
Total 25+ 0.6 —-35%0.6 -39+ 1.1

Note. Volume transports are defined as positive when entering the Arctic. Heat transport is positive when warmer water enters
the Arctic (relative to a reference temperature T,,; = 0°C) and negative when colder water enters the Arctic. Freshwater
transport is positive when fresher water enters the Arctic (relative to a reference salinity S, = 34.8 psu) and negative
when more saline water enters the Arctic. Observational data are from Beszczyska-Moller et al. (2011), and the observation
period is indicated in parentheses for each strait.

4. Comparison of the Arctic Ocean Under Future and Last Interglacial Conditions
With Equivalent Annual Sea-Ice Volume

4.1. Arctic Ocean Hydrography

In the idealized future experiment, at the time of similar sea-ice volume as in 127k, the SST are generally higher
than in the PI simulation (Figure 5b), with a mean increase of about 0.45°C north of 60°N. This general warming
is stronger over the North Pacific sector and along the AW pathway in the Nordic Seas, with the highest increase
in the Barents Sea. In the Eurasian Basin, oceanic temperatures are consistently higher at the AWCD (Figure 3a
and Figure S3 in Supporting Information S1). Below this depth, temperature differences become negative or close
to zero. In the Amerasian Basin, the overall changes are similar, but individual model responses are more variable
at the AWCD: four models (ACCESS, HadGEM3, IPSL, and NorESM2) simulate a warming, whereas the other
three show a slight cooling (Figure 3b and Figure S4 in Supporting Information S1). Regarding salinity, most
changes occur at the surface (Figures 3c and 3d). North of the CAA and along the northern and eastern coasts of
Greenland, SSS is consistently lower, whereas changes in the Eurasian Basin are small and not robust (Figure 5e).
It is worth noting that differences in ocean temperature and salinity relative to PI are generally more robust in the
idealized future experiment (Figures 5b and 5e) than in the 127k simulation (Figures 2¢ and 2f), both in terms of
magnitude of change and model agreement.

Mean SST differences relative to PI are remarkably similar in the idealized future (+0.74°C) and 127k (+0.79°C)
simulations, even though surface air temperatures are on average substantially higher under increased CO,
forcing than under insolation forcing (Sicard et al., 2023). The spatial pattern of surface warming, however,
differs locally between the two simulations. South of Greenland, SST are lower in the idealized future experiment
than in the LIG simulation. In the Pacific sector and the Barents Sea, they are higher (Figure 5c). These tem-
perature changes coincide with corresponding salinity anomalies, that is, fresher waters south of Greenland and
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Figure 5. Multi-model mean of annual surface conditions in the idealized future experiment (Future), differences between the
future and pre-industrial (PI) simulations, and differences between the future and Last Interglacial (127k) simulations: (a)—
(c) sea surface temperature (°C), (d)—(f) sea surface salinity (psu), and (g)—(i) sea-ice concentration (%). In panels (b), (c), (e),
(f), (h) and (i), dots mark regions where at least six of the eight models agree on the sign of change between the 127k and PI
simulations, indicating robust differences.

more saline waters in the Pacific sector and Barents Sea (Figure 5f), and are consistent with the sea-ice changes
described by Sicard et al. (2023). In contrast, no robust SSS differences emerge between the two simulations in the
central Arctic, even if models indicate a larger increase in P—E and runoff in the idealized future simulation, when
these diagnostics are available (Figures S9 and S10 in Supporting Information S1).
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In the Eurasian Basin, the largest changes in oceanic temperatures appear at the AWCD. Most of the models
simulate warmer conditions than at 127 ka (Figure 3a and Figure S3 in Supporting Information S1). Below the
AWCD, the differences are small, but this only reflects compensating model behavior: half of the models indicate
a deep-water cooling, and the other half indicate a warming. In the Amerasian Basin, the AW layer is on average
warmer than in the 127k simulation, although several models show little change, and one model (HadGEM3) even
simulates cooler conditions under increased CO, forcing (Figure 3b and Figure S4 in Supporting Information S1).
Finally, salinity differences between the two experiments are very small in both basins, except within the upper
few meters (Figures 3c and 3d; Figures S5 and S6 in Supporting Information S1).

4.2. Oceanic Circulation in the Arctic and Sub-Arctic Regions

In the idealized future experiment, surface currents generally show only minor differences relative to the PI
simulation, except east and south of Greenland (Figure 6b). In particular, the EGC is stronger. Most other changes
are small and/or inconsistent across models (not shown), partly due to model differences in simulating changes in
surface wind (Figure S6 in Sicard et al., 2023), which is a key driver of surface circulation. Despite this inter-
model variability, the weakening and shrinking of the SPG (Figure 6e) and the mixed-layer thinning at the
three convection sites (Figure 6h) remain robust signals. Changes in mixed-layer thickness are associated with a
reduction in the AMOC strength (Table S4 in Supporting Information S1). The concurrent weakening of the SPG
and AMOC could explain the surface freshening and cooling south of Greenland, as it limits the inflow of warm,
saline AW to this region. These features represent classic fingerprints of future AMOC weakening observed in
scenario-based experiments (Weijer et al., 2020).

The circulation differences in the Arctic and sub-Arctic regions between the idealized future and 127k experi-
ments are larger and more consistent than the differences between the idealized future and PI simulations. Under
increased CO, forcing, surface currents within the Beaufort Gyre lose intensity (Figure 6¢), which aligns with a
reduction in winter surface winds over the Amerasian Basin (Sicard et al., 2023). Furthermore, around Greenland,
surface currents respond differently: the Baffin and Labrador currents are weaker than at 127 ka, whereas the EGC
is stronger (Figure 6¢). The SPG also experiences a stronger weakening and contraction in the future simulation
relative to the LIG than relative to PI (Figure 6f). Similarly, decrease in mixed-layer thickness is also stronger at
the three convection sites (Figure 6i). Differences in the SPG and mixed layer between the idealized future and
127k experiments highlight distinct ocean dynamics in the Arctic-Atlantic sector. These differences alter the
transport, mixing, and distribution of water masses, mainly polar waters and AW, affecting the hydrography
of both the Arctic and northern North Atlantic.

4.3. Annual Volume-, Heat-, and Freshwater-Transports Through the Main Arctic Gateways

In the idealized future simulation, the increase in export of 0.6 Sv through Fram Strait is on average compensated
for by a 0.5 Sv increase in volume influx through BSO and a decrease of 0.3 Sv in export through Davis Strait
(Table 1a), while the magnitude of inflow through Bering Strait does not change. This is consistent with dif-
ferences in surface current intensity between the PI and idealized future experiments (Figure 6b). All models
simulate increased heat transport to the Arctic from both the North Pacific and North Atlantic, contributing to
Arctic Ocean warming (Table 1b). Freshwater transport through Bering Strait is higher, while saline inflow
through BSO is reduced, contributing to increased Arctic freshwater content (Table 1c). This effect is balanced by
stronger freshwater export through Fram and Davis straits.

Most differences in volume and freshwater transports between the idealized future and 127k experiments are
closely linked to the different responses of surface winds and currents to the forcing (Figure 6b). Although wind-
driven changes partly explain the larger MMM heat transport between the two simulations, changes in ocean
temperature are also a key contributing factor. In particular, the idealized future experiment shows enhanced
advection of warmer PW and AW toward the Arctic Ocean (Figure 2 in Sicard et al., 2023).

5. Discussion
5.1. Drivers of Surface Ocean Circulation Changes at 127 ka

Although models analyzed here differ widely in the magnitude of summer sea-ice decline at 127 ka (Kageyama
etal.,2021), they are consistent in their representation of surface ocean circulation changes relative to PI, including
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Figure 6. Multi-model mean of annual upper-ocean dynamics in the idealized future experiment (Future), differences
between the future and pre-industrial (PI) simulations, and differences between the future and Last Interglacial (127k)
simulations: (a—c) ocean surface current velocity (cm.s™"), (d—f) barotropic streamfunction (Sv; NESM3 not included), and
(g—1)) mixed-layer thickness (m; MIROC not included). In panels (e), (f), (h) and (i), dots mark regions where at least six (five)
of the eight (seven) models agree on the sign of change between the 127k and PI simulations, indicating robust differences.

a strengthening of the Baffin and Labrador currents and an enhanced cyclonic circulation of the SPG. These cir-
culation patterns are driven by a negative sea level pressure (SLP) anomaly that spreads over much of the Arctic
region, with a maximum over Baffin Bay and the Labrador Sea (Figure 7). The negative SLP anomaly in the Arctic
is part of a larger pattern extending southward to western Europe and the Mediterranean Sea (Figure 7h). They
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Figure 7. Annual multi-model mean sea-level pressure (hPa) and surface air temperature (°C) for the pre-industrial (PI) and
Last Interglacial (127k) simulations. Panels (a), (d), and (g) show sea-level pressure over the Arctic for the PI, 127k, and for
the 127k-PI difference, respectively. Panels (b), (e), and (h) show the corresponding global fields. Panels (c), (f), and

(i) illustrate the global surface air temperature for the PI, 127k, and for the 127k—PI difference, respectively. In panels (g),
(h) and (i), dots indicate regions where at least six out of eight models agree on the sign of change, highlighting robust
differences.

correspond to regions where the increase in surface temperature over the Northern Hemisphere is most pronounced
(Figure 71). Therefore, we speculate that the warming pattern at 127 ka may be a key contributor to the simulated
changes in ocean circulation.

5.2. Impacts of Surface Current Changes on the Nordic and Labrador Sea Hydrography

Differences in surface wind intensity driven by the SLP anomaly and resulting changes in surface currents
strongly impact water transport on either side of Greenland. Volume export from the Arctic to the Atlantic is
reduced through Fram Strait and increased through Davis Strait, leading to an anomalous cyclonic circulation
around Greenland. Such compensation between the volume transport through these two gateways is also evident
in decadal variability of higher-resolution simulations (de Boer et al., 2018) and sensitivity experiments (Karami
et al., 2021). Changes in water export through Davis Strait are known to affect the heat content of the subpolar
North Atlantic and the mixed-layer depth in the Greenland, Iceland, and Norwegian seas (Karami et al., 2021). In
the 127k experiments, these changes result in a greater influx of low-salinity, cold polar waters into the subpolar
North Atlantic, while less of these waters are carried toward the Greenland, Iceland, and Norwegian seas via the
EGC compared with the PI simulation. This could explain the dipole pattern in mixed-layer thickness observed in
Figure 4i, with a decreases in the Greenland, Irminger, and Norwegian seas, but a increase in the subpolar North
Atlantic and Labrador Sea relative to PI.
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5.3. Impacts of the Subpolar Gyre Strengthening on Atlantic Water Transport

In the 127k simulation, SLP anomaly also drives strong changes in zonal wind stress (not shown) in the northern
North Atlantic, which reinforces the SPG. This is consistent with the findings of Irvali et al. (2012, 2016) and
Steinsland et al. (2023), who demonstrated that the SPG was more active and/or extended during the early phase
of the LIG (128-126.5 ka) based on marine sediment analyzes. Previous studies have highlighted the crucial role
of SPG dynamics in influencing the contribution of subpolar relative to subtropical source waters to the AW
inflow (e.g., Kenigson & Timmermans, 2021). AW of subtropical origin is carried by the Irminger Current,
forming the eastern branch of the SPG, and by the Norwegian Current, which continues northward toward the
Nordic Seas. When the SPG is weak, northward transport of AW to the Nordic Seas is enhanced, limiting AW
recirculation within the gyre. This allows polar waters transported by the EGC to spread into the gyre. In contrast,
a strong SPG drains more AW in the gyre and prevents polar waters from expanding eastward. In the 127k
simulation, the strengthening of the SPG is associated with a warming of surface waters south of Greenland and in
the Labrador Sea. As suggested in Section 3.1, this warming is not solely driven by sea-ice loss, as the reduction in
sea ice is primarily confined to the southeastern coast of Greenland, while the warming extends further southward.
Possible explanations include an increased inflow of warm AW into the SPG and/or enhanced deep water for-
mation in the Labrador Sea. Only few models simulate a clear thickening of the mixed layer in this region
(Figure 4i). This suggests that enhanced convection plays a role in the warming observed in some models, but
other processes must be involved such as advection of warmer waters.

5.4. Simulated Versus Reconstructed Summer Sea Surface Temperatures

Surface warming south of Greenland aligns well with annual SST reconstructions (Figure S2 in Supporting
Information S1; Capron et al., 2017; Hoffman et al., 2017; Otto-Bliesner et al., 2021). However, models do not
capture the summer cooling in the Labrador and Norwegian seas as previously shown by Otto-Bliesner
et al. (2021). This mismatch has been previously attributed to missing processes in climate models, such as
the effect of freshwater fluxes from the melting of the Northern Hemisphere ice sheets following the penultimate
deglaciation (~138-128 ka; e.g., Stone et al., 2016). Hosing experiments have highlighted that applying fresh-
water forcing in the northern North Atlantic slows down the AMOC, weakens the SPG and reduces the northward
heat transport in the Northern Hemisphere (Govin et al., 2012; Guarino et al., 2023; Otto-Bliesner et al., 2013).
This leads to lower SST in the North Atlantic, providing a better match with temperature reconstructions from
Capron et al. (2014). However, major Greenland meltwater events are difficult to reconcile with the presence of a
strong SPG during the early Last Interglacial, as inferred by other proxy-based reconstructions (e.g., Irvali
et al., 2012, 2016; Steinsland et al., 2023). An alternative freshwater source would be sea ice melting (Ezat
et al., 2024). In this study, we examined eight models exhibiting different rates of summer sea-ice loss.
Nevertheless, none of them simulate a Labrador and Nordic seas summer cooling of the magnitude suggested by
temperature reconstructions. Assuming that the proxy reconstructions are right, this implies that PMIP4 simu-
lations may not accurately capture the oceanic circulation patterns and their role in redistributing freshwater. This
limitation has been highlighted by Zhang et al. (2023), who showed that changing the land—sea mask consistently
with LIG global mean sea-level rise (not done in PMIP4 simulation) modify both atmospheric and oceanic
circulations, leading to improved model-data agreement in the Southern Hemisphere. Conversely, some proxies
have millennial-scale dating uncertainties and lack the temporal resolution to clearly distinguish deglacial from
interglacial signals. They may therefore reflect either late-deglacial conditions, when large meltwater fluxes
entered the North Atlantic, or mid-LIG conditions, when polar waters transported by the EGC became dominant
in the Labrador Sea (Irvali et al., 2012; Steinsland et al., 2023).

5.5. Assessing Signs of “Arctic Atlantification” During the Last Interglacial

In recent years, the Arctic Ocean has been increasingly influenced by changes in the North Atlantic, a process
known as “Arctic Atlantification.” This phenomenon, characterized by a weakening of the Eurasian Basin
stratification, a surface salinification, and a warming and a shoaling of the AW layer, accelerates Arctic sea-ice
loss (Polyakov et al., 2017, 2020). Recent studies suggest Atlantification also occurred during the LIG or earlier
Quaternary interglacials (e.g., Vermassen et al., 2023), potentially driven by different mechanisms. A signature of
the Atlantification has been investigated here by analyzing variations in sea water properties at AWCD in the
Eurasian Basin. As shown in Section 3, we find no consistent warming of the AW layer or clear increase in heat
transport through BSO and Fram Strait, despite higher volume transports in the 127k experiment. These results
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are consistent with changes in the SPG dynamics and potential infiltration of polar waters into the northward flow.
Alternatively, the AW could have time to cool down enough before reaching the Arctic. Only two models,
ACCESS and HadGEM3 have both greater heat transports (not shown) and a warming of the AW layer in the
Eurasian Basin. They also simulate the largest sea-ice decline in this region. However, due to limited data
availability, our analysis includes only a subset of models that produced the 127k experiment. While these models
span a broad range of responses, they may not fully represent the diversity of possible outcomes. In addition,
known biases in simulating present-day Arctic hydrography (Athanase et al., 2025; Heuzé et al., 2023; Khosravi
et al., 2022; Muilwijk et al., 2023) may affect LIG simulations too, possibly underestimating Atlantification.
Consequently, from a modeling perspective, it remains uncertain whether Atlantification occurred in the
early LIG.

5.6. Investigating Future Arctic Ocean Changes in Light of the Last Interglacial

Under CO, forcing, all models consistently simulate a rise in SST along the pathway of AW toward the Arctic, as
well as larger heat transport through BSO and Fram Strait than in the 127k simulation. This also reflects in the
vertical temperature profiles within the Eurasian Basin, showing a clear warming of the AW layer in this region. A
similar pattern is observed in the Amerasian Basin, although the warming is less pronounced. Consequently, in
contrast to the 127 ka experiments, all models exhibit evidence of Atlantification of the Eurasian Basin in the
idealized future simulation.

Changes in the SPG and mixed-layer thickness do not seem to influence so much these results. While the strength
of the SPG and AMOC weakens and convection is less active for higher CO, levels, both the volume and heat
transports into the Arctic are stronger relative to the PI and 127k simulations. This suggests that changes in
Atlantic inflows are not solely driven by changes in the oceanic circulation in the northern North Atlantic in these
simulations. Moreover, no substantial differences in the strength of currents or gyres in the Nordic Seas are
observed that would explain the enhanced heat transport toward the Arctic. Instead, the critical factor appears to
be the temperature of the AW as it enters the Arctic.

For the same extent of Arctic sea-ice loss, annual surface conditions are warmer in future scenarios compared to
the 127k simulations (Sicard et al., 2023). In the North Atlantic, annual SST at 127 ka are on average slightly
lower relative to the PI period, whereas the idealized future simulation exhibits a rise by about 0.6°C. This
difference arises from the latitudinal and seasonal variations in LIG solar forcing compared to the uniformly
distributed increase in atmospheric CO, concentration in future scenarios. Therefore, our results suggest that,
under future CO,-induced warming, the Arctic and sub-Arctic regions may be more strongly influenced by heat
transported from lower latitudes than they were during the early LIG.

6. Summary and Conclusion

In this study, we have analyzed changes in oceanic conditions under warmer-than-PI climates in CMIP6/PMIP4
lig127k and 1pctCO2 simulations. In summary, the Arctic Ocean hydrography and circulation at 127 ka differ
from those of the PI period, primarily due to insolation forcing and associated feedback mechanisms, including
the decline in sea ice and shifts in atmospheric regimes. In the 127k experiment, a negative anomaly in SLP
modifies the surface current intensity around Greenland relative to PI. West of Greenland, the Baffin and Lab-
rador currents transport more freshwater faster through Davis Strait. Models also generally simulate a
strengthening of the SPG south of Greenland. This enhances the poleward transport of AW, which have con-
trasting impacts on the water masses and sea ice of the Eurasian Basin depending on the models with no clear sign
of Arctic Atlantification. Surface changes in the Amerasian Basin are more consistent: models all simulate a slight
warming and a freshening of the upper layer.

Our results demonstrate that, although sea-ice retreat is the primary driver of early LIG sea surface warming in the
Arctic as previously shown, oceanic processes also play a key role and contribute to explain inter-model dif-
ferences. For example, ACCESS, IPSL, and NorESM2 simulate comparable summer sea-ice reductions relative
to PI (around —60%; Kageyama et al., 2021), but ACCESS produces a stronger warming in the Arctic—Atlantic
sector. Its SST pattern is similar to that of HadGEM3, despite HadGEM3 exhibiting a much larger decrease in
summer sea ice (—96%). This is because of more vigorous deep convection in the Labrador Sea in ACCESS.
Moreover, SST in the subpolar North Atlantic and Nordic Seas are also modulated by the state of the SPG, which
varies among models. While our analysis mainly focused on the Arctic—Atlantic sector, further investigation of
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the Arctic-Pacific sector would be valuable, as models have contrasting behavior there too. For example, CESM2
shows minimal summer SST changes in this region, whereas most models exhibit more significant changes
(Figure S2 in Supporting Information S1).

Interestingly, under CO, forcing, the dynamics of the Arctic Ocean and surrounding seas differ notably, even
when comparing periods with similar annual Arctic sea-ice volumes. Especially, when the 127k simulation
displays a stronger SPG with no significant changes in the AMOC strength relative to PI, the idealized future
experiment has both a weaker SPG and AMOC consistent with emission-based scenarios (Weijer et al., 2020).
Despite the weakened SPG, volume and heat transports through BSO are higher, and the AW layer in the Eurasian
Basin is warmer, indicating Arctic Atlantification. These results suggest that (a) changes in poleward heat
transport and AW inflows not only depend on wind forcing and the resulting surface ocean circulation in the
Arctic-Atlantic sector, but also on water temperature changes in the North Atlantic Ocean, and (b) the spatial
distribution of Northern Hemisphere surface warming is crucial to explain differences in ocean dynamics and
hydrography under LIG insolation versus future CO, forcing. Despite these differences, the 127k and idealized
future simulations share some similarities. As previously shown, Arctic sea ice has a similar response to the
warming when considering moderate future atmospheric CO, rise, although it seems to be more sensitive to
radiative forcing than to oceanic forcing in the 127k simulation, requiring substantially less annual oceanic
warming to achieve a comparable reduction in sea-ice extent to that simulated in the idealized future experiment
(Sicard et al., 2023). Both simulations also show consistent surface freshening in the Amerasian Basin, partly
driven by larger precipitation and river inflow compared with the PI experiment. Therefore, while the LIG can
serve as a valuable case study to evaluate climate models and better understand future Arctic climate response to
anthropogenic forcing at a pan-Arctic scale, caution is warranted when extending this comparison to regional
scales due to pronounced spatial heterogeneities between the two periods.

The LIG was characterized by significant climatic variability throughout its length, particularly in the subpolar
North Atlantic, with pronounced differences between the early and late phases of the period (Irval et al., 2012,
2016; Steinsland et al., 2023; Zhuravleva, Bauch, & Van Nieuwenhove, 2017). While some high-resolution
records are available for the sub-Arctic regions, large uncertainties remain regarding the precise timing and
age of proxy data in the Arctic Ocean. These uncertainties limit our understanding of oceanic conditions in the
high latitudes of the Northern Hemisphere during the LIG, particularly the influence of the North Atlantic on the
central Arctic hydrography and sea-ice cover. Improving the age constraints and enhancing the temporal reso-
lution of climate records for the Arctic and adjacent regions during the LIG and other Quaternary interglacials are
therefore crucial. Such improvements would help resolve existing discrepancies between models and data and
provide a clearer picture of the sequence and drivers of climatic events during this period.

It is also important to stress that the models used in this study assume a Greenland topography similar to its PI
state, whereas a variety of geological records and model studies suggest that the Greenland ice sheet may have
been significantly reduced during parts of the LIG (Bierman et al., 2016; Christ et al., 2021; Plach et al., 2018;
Schaefer et al., 2016; Vasskog et al., 2015). A smaller Greenland ice sheet geometry could have substantially
altered wind forcing and ocean circulation in the central Arctic. Ice sheet contributions to global mean sea level
rise can also trigger additional changes in large-scale circulation and heat transport (Zhang et al., 2019).
Moreover, the ligl27k simulation was designed to reflect the climate state during the early LIG. Some studies
(Bauch et al., 2012; Steinsland et al., 2023, 2025; Van Nieuwenhove et al., 2011; Zhuravleva, Bauch, &
Spielhagen, 2017) suggest that the peak AW inflow into the central Arctic appears later during the LIG, which
means that we may miss some processes looking at this interval. This might help explain why some models do not
simulate an Atlantification of the Arctic as it has been suggested in Vermassen et al. (2023). Simulations
incorporating reduced Greenland ice sheet scenarios, modifications to the land—sea mask reflecting higher global
mean sea level, and different time slices will be necessary to explore these possibilities further.
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