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Abstract The future response of the Antarctic Slope Current (ASC) to projected transient changes in winds,
radiative forcing, and meltwater input is examined in a high-resolution ocean-sea ice model. Meltwater changes
are found to dominate the almost -circumpolar strengthening of the ASC. The strength of the ASC increases
non-linearly despite the linear meltwater perturbation applied, with a ~14% increase in strength from 2000 to
2025 contrasting a ~49% increase from 2025 to 2050. This non-linear increase is, however, not seen in the
coastal currents on the continental shelf. The non-linear growth of ASC strength is attributed to meltwater
accumulating on the continental shelf and poleward shifting warm waters north of the ASC, both triggered by
reduced dense shelf water formation, and causing an accelerating ASC through thermal wind balance. Despite
the strengthening ASC, any vulnerabilities in the current system could bring poleward shifted warmer waters
onto the shelf, with implications for Antarctic ice shelf melt.

Plain Language Summary The Antarctic Slope Current (ASC) is a westward current flowing around
the Antarctic continent, and acts as a barrier between warm waters further north, and the cool Antarctic ice
shelves. Although the ASC acts as an important barrier to the southward transport of warm water, how the ASC
responds to time-varying changes in climate is unclear. We used high-resolution ocean-sea ice models to predict
how the ASC will respond to changes in wind, heating, and meltwater under climate change. The ASC is
projected to strengthen, with meltwater playing the biggest role. Although meltwater increases steadily over
time, its impact on the ASC is dramatic, with a ~49% increase in strength in the final 25 years of the
experiments. This dramatic increase in current strength is due to contributions both onshore and offshore of the
ASC. Meltwater onshore reduces the density of coastal waters, and this lightening of coastal waters lead to less
dense water being exported off the continental shelf, allowing warm, salty water offshore to shift closer to the
continental slope. The growing density difference across the current with time thus accelerates the ASC
dramatically, and has critical implications on heat transport toward Antarctica.

1. Introduction

The Antarctic Slope Current (ASC) is a westward flowing current around Antarctica, lying close to the coast over
the continental slope (Thompson et al., 2018). The ASC has been shown to regulate the cross-slope transport of
warm Circumpolar Deep Water (CDW) onto the Antarctic continental shelf. This cross-slope transport depends
on the local structure of the ASC and the presence of topographic features such as canyons (e.g., Daae et al., 2017;
Morrison et al., 2020; Nakayama et al., 2021; Ong et al., 2024). CDW intrusions are able to transport heat
poleward to the Antarctic continental shelf, which can induce basal melt and reduce buttressing of ice shelves,
increasing glacial and ice sheet flow, resulting in global sea level rise (e.g.,Gudmundsson et al., 2019; Herraiz-
Borreguero et al., 2016; Mathiot & Jourdain, 2023; Lauber et al., 2023).

Significant changes to the climate system around the Antarctic margin are expected under a warming climate,
which can impact the structure of the ASC. Meltwater fluxes around the Antarctic margin are expected to in-
crease, with Golledge et al. (2019) predicting a maximum meltwater flux of 0.018 Sv under the Representative
Concentration Pathway (RCP) 8.5 scenario by the end of 21st Century, as well as an Antarctic Ice Sheet
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contribution to sea level rise of 14 cm. Note that the meltwater projections that motivate our experimental design
(Golledge et al., 2019) are at the low end of available projections, with estimated Antarctic Ice Sheet contributions
to sea level rise ranging between 11 and 79 cm by 2,100 (Intergovernmental Panel on Climate Change, 2022).
These increasing meltwater fluxes from ice shelves can also reduce both the formation and the transport of
Antarctic Bottom Water as the meltwater freshens the water column (Li et al., 2023), countering possible in-
creases in sea ice production resulting from iceberg melt (Mackie et al., 2020) and resulting in a 50%-60%
reduction in northward AABW transport (Tesdal et al., 2023). The easterly and southerly surface winds around
the Antarctic margin are additionally expected to reduce by 23% and 7% respectively under high emission
scenarios (Neme et al., 2022). As surface wind changes and meltwater fluxes can influence the structure of the
ASC and warm water inflow toward the Antarctic continental shelf (Daae et al., 2017; A. L. Stewart & Thompson,
2015), understanding the effect of climate change on the ASC and warm water transport onto the shelf is of
imminent importance.

Despite the importance of understanding ASC changes under climate change, past research in this area has been
limited. Previous work has investigated ASC changes under meltwater perturbations comparable to RCP sce-
narios, but these have been limited to models with 0.5° and 0.25° horizontal resolution (Beadling et al., 2022),
where a stronger ASC is represented in the higher resolution model. Model experiments at higher, eddy-resolving
0.1° resolution by Moorman et al. (2020) and Dawson et al. (2025) have been conducted, in which they imposed
an abrupt step increase in meltwater forcing. These studies showed that meltwater strengthens the density gra-
dients across the continental slope, amplifying the ASC, consistent with other climate change perturbation ex-
periments (Dawson et al., 2025; Goddard et al., 2017; Lockwood et al., 2021) and the higher resolution, 0.25°,
model of Beadling et al. (2022). Dawson et al. (2025)'s study also shows that the effect of wind and thermal
climate change forcings on ASC strength was much smaller than the impact of meltwater on the ASC. While
Dawson et al. (2025) and Moorman et al. (2020)'s experiments give us an insight into the immediate impacts of
meltwater and other climate forcings on the ASC, it is important to use a time-varying meltwater input because
even under an idealized step change to projected atmospheric conditions, predictions have shown that ice shelf
melt rates would still take several decades to adjust (Mathiot & Jourdain, 2023). Li et al. (2023) is the only study
that used a long-term, time-varying meltwater perturbation, also finding that the ASC speeds up under increased
meltwater forcing, but they did not study the ASC's transient response over the duration of the experiment.
Considering the different response times that various oceanic processes have in the abrupt step change meltwater
forcing experiments by Moorman et al. (2020), exploring how a more realistic time-dependent meltwater
perturbation influences ASC changes is an important open area of research, which we aim to address in this study.

2. Model and Methods

This study analyses climate change experiments run using the global ocean—sea ice model, Australian Community
Climate and Earth System Simulator (ACCESS-OM?2-01), details of which are outlined by Kiss et al. (2020).
ACCESS-OM2-01 has a lateral resolution of 0.1° and captures a realistic representation of the dynamics around
the Antarctic continental margin (e.g., Dawson et al., 2023; Li et al., 2023; Schmidt et al., 2023). Huneke
et al. (2022) additionally analyzed the variability of the ASC in the ACCESS-OM2-01 model, showing that zonal
transports around the Antarctic continent are comparable to in-situ observations (Pefia-Molino et al., 2016).

Three experiments are evaluated in this study: (a) a control experiment, (b) a wind, radiation, and thermal
perturbation experiment (Wind + Thermal), and (c) a third experiment that is identical to the Wind + Thermal
experiment, only with an additional future meltwater perturbation incorporated (Wind + Thermal + Meltwater).
The two perturbation experiments were designed to mimic future climate scenarios, while allowing us to isolate
the impact of Antarctic and Greenland Ice Sheet mass loss through meltwater anomalies.

The control experiment uses a repeat-year atmospheric forcing of the JRAS55-do v1.3 product (Tsujino
et al., 2018), using the forcing from 1 May 1990 to 30 April 1991, a period that is characterized by neutral
conditions of the dominant climate variability modes (K. D. Stewart et al., 2020). The model was first spun up for
200 years before the perturbations were introduced. Our analyses use model years 210-260 of both the control and
the perturbation experiments, a 50-year period 10 years after wind and thermal perturbations were first applied,
the same experiments and period as those run and analyzed by Li et al. (2023). The wind and thermal perturbations
are applied globally and are derived using near-surface anomaly fields from the JRAS55-do v1.3 product (for the
historical period from 1991 to 2019) and Coupled Model Intercomparison Project six projections under the high-
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Figure 1. Along-slope depth-averaged transport averaged over 2040-2050 for the (a) Control, (b) experiment with all
forcings (Wind + Thermal + Meltwater run) (c) Wind + Thermal component (Wind + Thermal run relative to the control)
and the (d) Estimated meltwater component, that is, (Wind + Thermal + Meltwater run)—(Wind + Thermal run). The dotted
line primarily follows the 600 m isobath, which we define to separate the Antarctic Slope Current and Antarctic Coastal Current.
The boxes in panel (d) highlight the selected regions featured in Figure S1 and Figure S4 in Supporting Information S1.

anthropogenic-emissions scenario Shared Socioeconomic Pathway 5-8.5 (SSP5-8.5) (for the 2020-2050 period)
(Eyring et al., 2016; O’Neill et al., 2016). The meltwater forcing is a time-varying perturbation applied at the
surface directly at the coast around Greenland and Antarctica, with Greenland meltwater added uniformly around
the coastline, whereas meltwater is added around Antarctica along a band of coast stretching from the Weddell
Sea westward to the Ross Sea (Extended Data Figure 3d, Li et al., 2023), capturing the regions projected to exhibit
a strong increase in ice sheet melt this century (Golledge et al., 2019). The total meltwater forcing around
Antarctica is increased linearly from 0 to 0.08 Sv (about 2,523 Gt yr~!) applied from 2001 to 2050 at a rate of
0.16 Sv per century, an approximation of Golledge et al. (2019)'s projected, gradually increasing runoff rates post
2000 under RCP8.5. This transient increase distinguishes these experiments from those by Moorman et al. (2020)
and Dawson et al. (2025), who applied a step-change in meltwater forcing. Hence the gradual, although linear,
increase in meltwater forcing in this study serves as a closer approximation to simulated future freshwater fluxes
from the Antarctic Ice Sheet (Coulon et al., 2024).

3. Spatial Response of the ASC

We first assess the spatial changes in the ASC and Antarctic Coastal Current (ACoC) strength in each of the
experiments; these are summarized in Figure 1 with plots of the along-slope transport averaged between 2040 and
2050. For these circumpolar fields and all other circumpolar quantities analyzed in this study, we exclude regions
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with a water column deeper than 2500 m and select only regions adjacent to the continental shelf. Figures 1c and
1d show the change in along-slope velocity due to the different perturbations. Negative along-slope transport
anomalies indicate a strengthened westward current.

The estimated meltwater component (i.e., Wind + Thermal + Meltwater run — Wind + Thermal run) in panel (d)
shows that meltwater makes the greatest contribution to the ASC changes, in agreement with Beadling
etal. (2022) and Dawson et al. (2025). The meltwater forcing also has the strongest impact on the slope (instead of
over the continental shelf), as seen in the regional plots presented in Figure S1 in Supporting Information S1. The
dotted boundary between the ASC and ACoC in Figure 1 primarily follows the 600 m isobath, where we have
additionally removed regions corresponding to shelf canyons. The initial choice of the 600 m isobath, prior to
removing canyon effects, is informed by the Hovmoller plot of zonal velocity in Figure S2 in Supporting In-
formation S1. The different meltwater effects on the continental shelf and slope motivate us to distinguish these
slope and shelf regions in the following analysis, focusing on temporal changes under the various climate
forcings.

4. Transient Response of the ASC
4.1. Non-Linear ASC Response Under Meltwater Forcing

In order to assess the impact of the respective transient climate forcings, Figures 2a and 2b shows the circumpolar
average of along-slope depth-averaged transport around the Antarctic continent over time, with a 12-month
rolling mean applied. The transport is separated into the ‘shelf’ (panel a) and ‘slope’ (panel b) regions,
following the dotted boundary shown in Figure 1. Transports in each of the ‘shelf’ and ‘slope’ regions are
computed by selecting, at each longitude grid, the maximum cumulative along-slope westward transport for the
chosen isobath range, then taking a circumpolar average. We find that the meltwater perturbation experiment
(blue) has by far the largest influence on the along-slope velocity, with ~71% increase throughout the duration of
the experiment on the slope (panel b), but a comparatively small ~36% increase in the shelf (ACoC) current (panel
a) (Note: all percentages are reported to 2 significant figures.) The wind and thermal experiments in red exhibit a
much smaller change compared to the experiments with meltwater, decreasing instead by ~2.8% on the slope and
increasing by ~6.2% on the shelf. Despite the meltwater flux increasing linearly in time in the meltwater
perturbation experiment, the strengthening slope current in the meltwater perturbation experiment shows a
dramatically non-linear increase, with a ~14% increase in the first half of the experiment but a ~49% increase in
the second half. However, the shelf currents in the meltwater perturbation experiment do not exhibit the same
dramatically non-linear behavior. Furthermore, a decomposition of kinetic energy on the slope and shelf regions
of the meltwater run show that the mean, rather than the eddying component of the flow, contributes to the non-
linear increase in slope current transport (Text S1 and Figure S3 in Supporting Information S1), indicating that
there are fundamentally different dynamics dominating the mean flow changes over the slope and shelf.

A discussion of regional variation in ASC and ACoC changes over time is included in Text S2 and Figure S4 in
Supporting Information S1, but in all regions, meltwater perturbations dominate the ASC and ACoC changes
under climate forcings. Considering that the non-linear increase in ASC transport is dominant enough to influence
the circumpolar average, and that the meltwater component of the Wind + Thermal + Meltwater experiment
drives this accelerating transport, this motivates investigating the Wind + Thermal + Meltwater experiment
further to understand the role of changing hydrographic properties in driving this ASC transport increase.

4.2. Thermal and Saline Properties in ACoC and ASC

To investigate the changing hydrographic properties across the ASC and ACoC, we next consider the
circumpolar-averaged temperature and salinity at both the onshore and offshore edge of each current. The
contours following the southern continental shelf edge and the 2500 m-isobath of Figure 1 are the onshore edge of
the ACoC and the offshore edge of the ASC respectively, and the 600 m-isobath separating the ASC and ACoC
(dotted line in Figure 1) is taken to be the ACoC offshore and ASC onshore edge. We average over grid cells
within 30-km laterally of each contour to calculate the circumpolar average. The volume-averaged temperature
and salinity at the onshore ACoC edge (brown), boundary between the ACoC and ASC (navy) and the offshore
ASC edge (orange) are shown in Figures 2c-2f, the difference denoted by the shading between the two lines.
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Figure 2. Circumpolar averaged along-slope westward transport from 2000 to 2050 for the Control (gray), Wind + Thermal
(red) and Wind + Thermal + Meltwater (blue) experiments, on the continental shelf (a), and on the continental slope (b),
analogous to the Antarctic Coastal Current (ACoC) and Antarctic Slope Current (ASC) respectively, where in this figure
positive transport values are westward. The panels that follow show the Wind + Thermal + Meltwater experiment: Volume-
averaged temperature within 30-km laterally of the northern and southern edges of the (c) ACoC and (d) ASC, showing the
quantities for the onshore edge of the ACoC (brown), boundary between ACoC and ASC (navy), and the offshore edge of the
ASC (orange). The green shading represents the temperature difference that contributes to the thermal wind balance.
Volume-averaged salinity within 30-km laterally of the northern and southern edges of the (¢) ACoC and (f) ASC, with the
same line colors as in (c)—(d). The purple shading represents the salinity difference that contributes to the thermal wind
balance. Estimated westward transport due to the thermal wind balance (gray) in the (g) ACoC and (h) ASC, based on
temperature and salinity changes. The temperature (green) and saline (purple) components of the estimated transport are
shown on the same plot on a different y-scale (shown on the right in each panel). A 12-month rolling mean is applied to all
quantities plotted.
The resulting analysis reveals that warming occurs in all the regions analyzed of both the ACoC and ASC
(Figures 2c and 2d). Moorman et al. (2023) previously showed a temporary warming followed by a long-term
cooling over the shelf, and a long-term warming on the slope under an abrupt meltwater perturbation. There-
fore, the increasing meltwater perturbation in this study's experiments are consistent with the initial transient shelf
warming and the long-term warming on the slope. For salinity, the ASC experiences a faster increase in salinity
difference across the current compared to the ACoC (Figures 2e and 2f, width of purple shading increases with
time). Both currents experience more rapid freshening onshore, as the meltwater forcing increases over time.
However, the offshore region of the ASC initially freshens, but its average salinity then levels off in time and
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Figure 3. Cross sections of circumpolar averaged (a)-(c) zonal velocity (d)—(f) temperature, and (g)—(i) salinity around
Antarctica, for (a,d,g) the control run (b,e,h) 2020s decadal anomaly of the Wind + Thermal + Meltwater experiment from
the control and (c, f) 2040s decadal anomaly of the Wind + Thermal + Meltwater experiment from the control. The green
dashed lines intersect with the 600 and 2500 m isobath, delineating the Antarctic Slope Current (ASC) and Antarctic Coastal
Current (ACoC) regions. The gray dashed lines intersect with the 200 and 1000 m isobath, which we have defined to be the
core of the ACoC and ASC respectively. Isopycnals are shown in black contours and are labeled by their anomaly from
1000 kg/m>.

rebounds slightly after 2040, amplifying the non-linear increase in salinity gradient. This salinification is driven
by offshore CDW encroaching poleward on the continental slope, as documented in Li et al. (2023), due to the
heaving/descent of isopycnals spreading CDW polewards and downwards, allowing for a leveling off in time of
salinity offshore of the ASC. These circumpolar-averaged quantities indicate that it is possible for the temperature
and salinity differences to drive a non-linear increase in ASC strength.

4.3. Thermal Wind Balance

Using the onshore/offshore temperature and salinity values for the ASC and ACoC, we can use thermal wind
balance to estimate a theoretical westward geostrophic transport, to determine if the changing hydrographic
properties directly control the non-linear increase in ASC strength, as inspired by Sohail et al. (2025) and Sohail
and Zika (2024). Assuming geostrophic flow, a flat bottom, and a uniform flow across the current domain, we use
the thermal wind balance fou/dz ~ (g/p)dp/dy to estimate the geostrophic zonal velocity u ~ (gHAp)/pofW,
where py is a reference density and Ap is the meridional change in density across the domain, g = 9.8 1m/s? is the

gravitational acceleration, f = —1.3 x 107* s™! is the Coriolis parameter, H is the depth of flow and W is the
width of the current. The evolution of zonal transport T with time is therefore:
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where H is the depth of flow, with Hygc = 1000 m and Hyc,c = 200 m, @ = 5.37 X 107°K™! is the thermal
expansion coefficient, # = 7.78 x 10~* psu~! is the haline contraction coefficient, where a volume-averaged a
and f# was computed over the Antarctic slope and shelf in the Wind + Thermal + Meltwater experiment. A® and
AS are the differences in a volume averaged temperature and salinity onshore and offshore of the current in
question over time, using the quantities from Figures 2c-2f.

The estimated westward ACoC and ASC transport due to thermal wind balance is plotted in dark blue in
Figures 2g and 2h respectively. The shear transport of the ACoC due to thermal wind balance increases linearly
over time, but that of the ASC exhibits a non-linear increase. The thermal and saline components of the thermal
wind transport in Equation 1 are shown in green and purple respectively, showing that the saline component
contributes to the non-linear increase in ASC strength seen after 2040. Although the exact transport values vary
depending on the parameters chosen and the definitions of the ASC/ACoC onshore and offshore regions, within a
25% deviation of Hygc, @ and f, the non-linear trend in the saline component of the ASC remains robust. As the
along-slope transport of the ASC due to the mean-flow of Figure 2a has similar behavior under meltwater per-
turbations as the transport predicted by the saline-component of the thermal wind balance (and no such relation is
seen for the thermal component), the evolving salinity gradient across the ASC is likely the governing driver of
this increased acceleration of the ASC with time.

We evaluate the role of poleward shifting CDW in the acceleration of the ASC in the second half of the meltwater
experiment by looking at circumpolar averages of zonal velocity, temperature, and salinity cross-sections around
the Antarctic continent (Figure 3). The cross-sections are binned by water column depth at each grid cell, and
scaled in the latitudinal direction by the area of grid cells at each depth level. To corroborate the non-linear
increase in ASC transport seen in Figures 2b and 2h, we compare the middle (2020s) and final (2040s) decade
of the experiment to the control run. Between the control run and the later years of the meltwater experiment, the
zonal velocity on the slope increases dramatically, especially when comparing the anomaly from the first half (b)
of the experiment to the second half (c). The strengthened ASC coincides with greater warming (Figures 3e and
3f) and salinification (Figures 3g and 3h) in the lower continental slope in the second half of the experiment than
the first, due to the poleward shifting CDW and the shutdown of dense shelf water (DSW) formation. The timing
of the shutdown of DSW formation matches the reduction in the Antarctic Bottom Water transport in Figure 3a of
Li et al. (2023), where in these same experiments as in this study, the Antarctic Bottom Water transport decreases
from 2030 onward. As Li et al. (2023) outlined, the reduction in DSW formation, and the contraction of the DSW
water mass brings CDW closer to the continental shelf, resulting in a strong warming signal and slight salini-
fication at depth in the final decade of the experiment. The effects of salinification at depth due to CDW are
compounded by the surface freshening due to meltwater, where the reduced DSW export limits offshore flow,
isolating the shelf from the offshore waters, and allows meltwater to accumulate on the shelf (Figures 3h and 31i),
further strengthening the salinity gradient across the continental slope, accelerating the ASC through the saline
component of the thermal wind balance. The hydrography in these averaged cross-sections is therefore consistent
with the increased acceleration of the ASC toward the middle of the 21st Century (Figure 3c). We therefore
propose that the shutdown of DSW formation from 2030 onwards, the accumulation of freshwater on the con-
tinental shelf and the poleward shifting of CDW drives a non-linear acceleration of the ASC, even under a linear
increase in meltwater forcing.

5. Conclusions

This study finds that the ASC and ACoC are most influenced by meltwater forcing in climate change experiments,
consistent with previous studies (Beadling et al., 2022; Dawson et al., 2025). We find that under a transient,
linearly increasing meltwater perturbation around the Antarctic margin, mimicking the enhanced melting under
an RCP8.5 scenario, the ASC accelerates more rapidly toward the middle of the 21st Century (see schematic in
Figure 4). Initially, meltwater input around the Antarctic continent gradually freshens the continental shelf and
slope, increasing the salinity gradient across the ASC and ACoC, as the onshore regions are freshened more

ONG ET AL.

7 of 10

8518017 SUOLULLOD @A1IR.0 3(edl|dde auy Aq pausenob ae sejole YO @SN Jo Sa|nJ 10} Areiq1T8Ul|UO 31 UO (SUORIPUOD-PUB-SWLB)LIO" A8 | 1M ARe.q 1 BulUo//SdY) SUORIPUOD pue SWie | 8Ly 88S *[6202/50/22] U0 ARiqiauliuo Ae|im eiuewse | JO AiseAIUN AQ £86ETT 1D7202/620T 0T/I0p/W0o A 1m Azl 1 jeuluo'sandnBe//sdny woly pepeojumoq ‘0T ‘SZ02 ‘L00876T



V od |
AGU

ADVANCING EARTH
AND SPACE SCIENCES

Geophysical Research Letters

10.1029/2024GL113983

1990s

e

| & Acoc rem

Cchw

Continental Shelf Isopycnals

DSW
formation

2050

steeper isopycnals >
Some ACoC stronger ASC, due to

1 If | strengthening due to meltwater accumulation on

| meltwater flux shelf and CDW shifting

Meltwater
® ACoC

ASC
—

Less DSW
formation

- less
freshwater Poleward

exported off shifted
shelf CcDW

Isopycnals

Continental Shelf

Contracted DSW layer

allows for CDW to sink
and move poleward

Figure 4. Schematic showing key processes before and after the addition of transient meltwater in the 1990s and 2050
respectively. Upon the transient addition of meltwater, the surface waters around Antarctica freshen, steepening isopycnals
and driving the speeding up of the Antarctic Coastal Current. As the surface freshening on the continental shelf inhibits the
formation and export of dense shelf water, warm Circumpolar Deep Water sinks and shifts poleward. This warm and salty
water strengthens the salinity gradient over the continental slope and causes the non-linear acceleration of the Antarctic Slope
Current.

rapidly than the offshore regions. The freshening of the continental shelf reduces the formation of DSW, reducing
the export of DSW from 2030 onward, as quantified by Li et al. (2023). Thus, a positive feedback is set up, where
freshening of the shelf not only reduces DSW formation and export, but the reduced DSW export also removes a
pathway for water to exit the continental shelf. This isolates the continental shelf from the offshore region,
allowing meltwater to accumulate on the shelf and further freshen the onshore region, steepening the density
gradient across the ASC. From 2040 onwards, the poleward shifting of warm CDW continues to steepen the
salinity gradient on the continental slope, further strengthening the ASC through thermal wind balance. As the
ACoC does not experience the poleward shifted CDW, its strengthening is limited compared to the ASC. These
results indicate that the ASC would more strongly isolate the continental shelf from the greater Southern Ocean,
as on average, the ASC gets stronger and DSW formation is reduced around the continent. Regional differences
mean that the exact processes in the schematic of Figure 4 would not be featured everywhere around Antarctica.
However, the key governing processes: that reduced DSW formation leads to a fresher continental shelf and
saltier lower continental slope, leading to a non-linear acceleration of the ASC, is still consistent with regional
trends (Figure S4 in Supporting Information S1). Dense shelf water formation regions of the Antarctic marginal
ocean therefore undergo a regime change from a DSW forming “dense regime” to a surface intensified ASC in a
“fresh shelf regime”, as defined by Thompson et al. (2018) and Huneke et al. (2022), with possible implications
for warm water access to the continental shelf and feedbacks on ice shelf melt.

There are several limitations to this study and addressing them would be worthwhile future work. Using a coupled
climate model instead of an ocean only model would capture feedback between the ocean and atmosphere
excluded from this current study. However, Li et al. (2023) compared this study's experiment with meltwater to a
similar coupled experiment (Purich & England, 2023), finding that meltwater has a limited impact on atmospheric
circulation in the mid-to-high latitudes. Thus, a coupled model study would primarily investigate second-order
impacts of meltwater on the ASC system. Although the 0.1° horizontal resolution used in the simulations is
eddy-permitting, it is not fully eddy-resolving at high latitudes nor does our model include tidal effects, both of
which play an important role in ASC dynamics and the poleward intrusions of CDW (e.g., A. L. Stewart
et al., 2018; Si et al., 2022). In particular, Si et al. (2023) showed in an eddy- and tide-resolving model that the
freshening of the Antarctic shelf and steepening of the slope front can induce baroclinic instabilities, allowing for
warm CDW to be transported poleward. Furthermore, the ASC regime change under meltwater input means that
additional effects that may be present in the fresh shelf regime could now take effect in previously dense shelf
regime regions, for example, the intrinsic variability of CDW intrusions and the ASC (Ong et al., 2024).
Considering that CDW shifting poleward is driving the further acceleration of the ASC, that this study is not fully
eddy-resolving, and that eddy and tidal processes are not represented in this experiment, the impacts of this non-
linearly accelerating ASC on cross-slope heat transport still remain unclear. Establishing whether the accelerating
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ASC obstructs or enables the access of CDW to the shelf under this changing ASC regime is therefore an
important area of future work.

The projected increasing acceleration of the ASC has implications on future changes around the Antarctic margin.
Understanding the interplay between the sinking and poleward shifting of CDW and the speed-up of the ASC
remains an open area of research. While the strengthened ASC can act as a barrier to keep CDW off the conti-
nental shelf, any vulnerabilities in this frontal system could expose the Antarctic shelf to greater amounts of warm
CDW intrusion. Therefore, investigating transient responses around the Antarctic margin and understanding the
stability of the ASC is of particular importance in a warming world.

Data Availability Statement

The ACCESS-OM2-01 model simulation output is available on the Australian National Computing Infrastructure
in the Consortium for Ocean—Sea Ice Modelling in Australia (COSIMA, LP200100406) Model Output Collection
at the Australian National University (2020). The scripts used for analysing model output and generating figures
are available at Ong (2025).
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