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Abstract Observed Antarctic sea ice trends up to 2015 have a distinct regional and seasonal pattern, with
a loss during austral summer and autumn in the Bellingshausen and Amundsen Seas, and a year-round increase
in the Ross Sea. Global climate models generally failed to reproduce the magnitude of sea ice trends implying
that the models miss relevant mechanisms. One possible mechanism is basal meltwater, which is generally

not included in the current generation of climate models. Previous work on the effects of meltwater on sea ice
has focused on thermodynamic processes. However, local freshening also leads to dynamic changes, affecting
ocean currents through geostrophic balance. Using a coupled ocean/sea-ice/ice-shelf model, we demonstrate
that basal melting can intensify coastal currents in West Antarctica and the westward transport of sea ice. This
change in transport results in sea ice anomalies consistent with observations, and may explain the disparity
between climate models and observations.

Plain Language Summary Observed sea ice trends around Antarctica vary throughout the year
and from region to region. In particular, there was a sea ice loss in summer in West Antarctica and year-round
increase in the Ross Sea up to 2015. Global climate models are not able to reproduce these sea ice trends which
is a hint that climate models are missing some important mechanisms in the region. One mechanism that is

not included in most climate models is meltwater from the base of floating ice shelves and which spreads into
the ocean. Basal meltwater can create a situation where there is less dense water near the ice shelves next to
denser waters offshore. Such a lateral density gradient will result in faster ocean flows that redistribute existing
sea ice. In this study, we use an ocean model that includes ice shelves as well as sea ice and show that this
mechanism can create sea ice anomalies that match the observed trends in West Antarctica and the Ross Sea.
Our results suggest that including basal meltwater and its effect on the ocean flow in global climate models is
important to reproduce observed sea ice trends.

1. Introduction

Antarctic sea ice cover had a net positive trend from 1979 (when reliable satellite records began) to 2015
(Parkinson, 2019). Although the overall trend was within the range of internal variability (Polvani & Smith, 2013;
Zunz et al., 2013), maps of Antarctic sea ice change reveal a distinct regional and seasonal pattern. There was
(and continues to be) a negative trend during austral summer and autumn in the Bellingshausen and Amund-
sen Seas, and a positive trend throughout the seasons in the Ross Sea (Hobbs et al., 2016; J. Liu et al., 2004;
Turner et al., 2009), which has since disappeared following drastic declines since 2016 (J. Liu et al., 2023;
Parkinson, 2019; Parkinson & DiGirolamo, 2021). Global climate models generally fail to reproduce the spatial
variability in sea ice trends, and in particular the strong positive trend in the western Ross Sea (between 180°W
and Oates Land) is not simulated in any CMIPS5 or CMIP6 historical simulations (Hobbs et al., 2015, 2016; Purich
et al., 2016; Shu et al., 2020), implying that the models are missing important mechanisms.

Sea ice is at the interface between the atmosphere and the ocean and is therefore subject to dynamic and ther-
modynamic interactions with both climate system components. Observed West Antarctic sea ice trends are
strongly linked to surface meridional wind changes (P. R. Holland & Kwok, 2012; Hosking et al., 2013; Raphael
et al., 2019; Turner et al., 2009), which in turn are largely driven by decadal variability in the tropical Pacific
(P. R. Holland et al., 2022; Meehl et al., 2016). However, the western Ross Sea trend is only partially explained
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5.0 by wind changes (Hobbs et al., 2016; M. M. Holland et al., 2017), so atmos-
' pheric drivers alone do not account for the discrepancy between models and
observations.

25 An important mechanism involving the ocean is the positive ice-ocean
feedback which amplifies any initial sea ice perturbation and consequently
enhances regional variations (Goosse & Zunz, 2014). A key feature of the
polar ocean is that cold surface water rests on top of warmer deep waters,
0.0 a situation that is maintained because ocean buoyancy in the polar waters
is dominated by salinity rather than temperature (Carmack, 2007; Roquet
et al., 2022; K. D. Stewart & Haine, 2016). Brine rejection during sea ice

production causes surface waters to sink, which entrains warm deeper

N
(6,
Melt rate (m yr—1)

waters into the mixed layer; a vertical heat flux that limits Antarctic sea
ice growth (Martinson, 1998). Hence, any surface freshening that increases
stratification—for example, a surplus of sea ice transport into a region that

Figure 1. Overview of the study region. Land is in gray, shading shows

=5:0 subsequently melts—reduces the vertical heat flux during sea ice growth,

leading to more ice production. Lecomte et al. (2017) present observational

simulated annual mean basal melt rates and arrows indicate winter sea ice evidence of the ice-ocean feedback mechanism in the Ross Sea sector without
motion in CONTROL. The gray contour indicates a sea ice concentration identifying the cause for an initial perturbation.

value of 0.15 and approximates the sea ice edge. The black contour is the

1,000-m isobath and approximates the continental slope. BS stands for We propose that the regional pattern of sea ice trend in West Antarctica
Bellingshausen Sea, AS for Amundsen Sea, RS for Ross Sea, and OL for is related to increased ice shelf basal melting in the region (Adusumilli

Oates Land. The Antarctic Slope Current is schematically shown in blue and et al., 2020; Rignot et al., 2019; Wingham et al., 2006). Previous studies have

the Ross Gyre in brown.

focused on the thermodynamic influence of basal meltwater, specifically

by changing the vertical salinity gradient through surface freshening, with

considerably varying results between studies (Beadling et al., 2022; Bintanja
et al., 2013, 2015; Bronselaer et al., 2018; Hellmer, 2004; Mackie et al., 2020; Merino et al., 2018; Pauling
etal., 2016, 2017; Rye et al., 2020; Swart & Fyfe, 2013). Using a model that resolves ice shelf cavities to perform
an idealized meltwater perturbation experiment, we suggest that an increase in basal melt rates can indeed
contribute to the observed regional sea ice trends, but primarily via a change in ocean dynamics. Specifically,
since basal meltwater input is confined to the coast, it changes not only the vertical density gradients, but also has
the capacity to incur strong horizontal gradients and accelerate the geostrophic Antarctic Slope Current (ASC,
Figure 1) along the continental shelf break (Beadling et al., 2022; Moorman et al., 2020; Nakayama et al., 2014;
Naughten, Meissner, Galton-Fenzi, England, Timmermann, & Hellmer, 2018; Thompson et al., 2020). The accel-
eration of the ASC in turn impacts the westward transport of sea ice and can set the initial perturbation to put the
ice-ocean feedback into motion.

2. Methods
2.1. Observations

Sea ice observations are taken from the National Oceanic and Atmospheric Administration/National Snow and
Ice Data Center (NSIDC) Climate Data Record for Passive Microwave Sea Ice Concentration (Meier et al., 2013).
We calculate changes in sea ice concentration from 1992 to 2011 as the mean seasonal trend multiplied by the
total number of years to compare the observations to anomalies in a model perturbation relative to its control
simulation (see next section). The seasons are defined as summer (December—February), autumn (March-May),
winter (June—August), and spring (September—November).

2.2. MetROMS-Iceshelf

We use the coupled ocean/sea-ice/ice-shelf model MetROMS-iceshelf with a 0.25° horizontal resolution on a
circumpolar Antarctic domain as described in Naughten et al. (2017) and Naughten, Meissner, Galton-Fenzi,
and England (2018). Basal melting is calculated beneath the ice shelves using a three-equation formula-
tion for the conservation of heat and salinity (Hellmer & Olbers, 1989; D. M. Holland & Jenkins, 1999) with
velocity-dependent exchange coefficients for heat and salt. The reference simulation (CONTROL) is the same
as in Naughten, Meissner, Galton-Fenzi, and England (2018), which is initialized with ocean temperature and
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salinity fields from the ECCO?2 state estimate (Menemenlis et al., 2008; Wunsch et al., 2009) and the sea ice
field from NSIDC for January 1992. We use 20 years of model integration (1992-2011, 10 years of spin-up and
10 years of analysis period) driven by the ERA-Interim atmospheric reanalysis product (Dee et al., 2011) and an
additional surface freshwater flux that accounts for iceberg melt (Martin & Adcroft, 2010). The surface salinity is
restored to World Ocean Atlas 2013 monthly climatology (Zweng et al., 2013) with the exception of the Antarctic
continental shelf (south of 60°S and shallower than 1,500 m), allowing a free response to simulated basal melting
near the coast.

Additional to CONTROL, we conduct an idealized perturbation experiment (FRESH) designed to test the effect
of an artificially increased basal freshwater flux on the ocean/sea-ice system. The perturbation involves a simple
modification in the model code: the salt flux that the model calculates at the base of the ice shelves due to
melting or freezing is subsequently multiplied by a factor of two. Because basal melting is more abundant than
freezing, our approach on balance results in a larger freshwater flux into the ocean. The atmospheric forcing
and the prescribed surface freshwater flux from iceberg melting remain the same as in the reference simulation.
FRESH branches from CONTROL in 2002 after 10 years of model integration which is long enough to equili-
brate basal melt rates, and ocean-sea ice state on the Antarctic continental shelf which is the region of interest
in this study (Naughten, Meissner, Galton-Fenzi, & England, 2018). The sea ice anomalies of interest emerge
in the first 2 years in FRESH and stabilize over the remainder of the simulation (Figure S1 in Supporting Infor-
mation S1). We analyze the seasonal climatology over the final 3 years (December 2008 to November 2011) of
each simulation.

To put the strength of the applied perturbation into context, we compare the basal melt rates in CONTROL and
FRESH. The total (circumpolar) melt rate in CONTROL is 629 Gt yr~!, considerably lower than satellite-derived
estimates which vary between 1,090 + 150 Gt yr~! in 1994 and 1,570 + 140 Gt yr~! in 2009 (Adusumilli
et al., 2020; Depoorter et al., 2013; Y. Liu et al., 2015; Rignot et al., 2013). CONTROL underestimates particu-
larly the melt rates for small ice shelves which are not well resolved by the model and many of which are in
West Antarctica (Naughten, Meissner, Galton-Fenzi, & England, 2018). The total melt rate increases in FRESH
to 1,850 Gt yr~! which equals to an addition of 1,221 Gt yr~! (0.04 Sv, where 1 Sv = 3.154 x 10* Gt yr™').
The increase in melt rate is comparable to conservative projections (RCP4.5 scenario) of 1,325 Gt yr~!' by
2100 (Golledge et al., 2019) but FRESH only exceeds the observed variability in Antarctic melt rates by about
300 Gt yr~!. Note that the reported melt rate in FRESH is double the simulated melt rate. We report the doubled
melt rate as the salt flux in FRESH is perturbed after the model calculates the melt rate, that is, a doubled melt
rate reflects the freshwater forcing of the final salt flux.

The reported melt rate of FRESH is more than doubled compared to CONTROL, because the additional fresh-
water in FRESH modifies the hydrographic conditions in the ice shelf cavity, altering the cavity circulation, and
resulting in feedbacks on the simulated melt rates (Jourdain et al., 2017). The spatial distribution of the pertur-
bation varies around the continent. The amplitude is larger for high melting ice shelves in CONTROL and also
depends on the strength of the feedbacks on melt rate in each cavity. The pattern of sea ice change described in
the result section is the same for a test simulation where the salt flux is quadrupled instead of doubled, but with
a larger amplitude (Figure S2 in Supporting Information S1). We therefore hypothesize that our results hold for
slightly weaker perturbations (i.e., within the observed range) with the caveat of weaker amplitudes.

3. Results
3.1. Simulated Sea Ice Changes

We start by comparing the observed (Figures 2a—2d) and simulated (Figures 2e—2h) historic sea ice concen-
tration changes. The model CONTROL correctly simulates a decrease (red) in the western Bellingshausen and
Amundsen Seas, but fails to simulate the summer and autumn increase (blue) in sea ice concentration in the
western Ross Sea and Ross Gyre (Figures 2e and 2f). We hypothesize that too little simulated freshwater input
from basal melting in West Antarctica (Bellingshausen and Amundsen Seas) (Naughten, Meissner, Galton-Fenzi,
& England, 2018) could explain the discrepancy in the downstream located Ross Sea. To test this, we make use
of the freshwater perturbation experiment FRESH. The melt rates for West Antarctica increase from 198 Gt yr~!
in CONTROL to 688 Gt yr~! in FRESH which is just outside of the observed range of 576 + 92 Gt yr~! (Rignot

etal., 2013).
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Figure 2. Observed and simulated changes in sea ice. Seasonal change in (a—d) observed and (e-h) simulated sea ice concentration for the time period 1992-2011
calculated as the mean trend multiplied by the total number of years. Seasonal changes in modeled (i-1) sea ice concentration and (m—p) effective sea ice volume

(sea ice concentration times sea ice thickness, in units of m) calculated as the difference between FRESH and CONTROL. Red shading indicates a loss in sea ice
concentration or volume and blue shading an increase. The black bars indicate the region of the western Ross Sea continental shelf for which area-averaged values are
given in Table S1 in Supporting Information S1. The gray contour indicates a sea ice concentration value of 0.15 for CONTROL and approximates the sea ice edge.
Values below the 0.15 threshold are masked out. The black contour is the 1,000-m isobath, ice shelves are shaded in black and land in gray.

When compared to CONTROL, the circumpolar integrated sea ice in FRESH increases by 0.7% in area (which is
considerably smaller than the 2% + 0.4% increase in observed sea ice extent from 1979 to 2014 (Parkinson, 2019)
as the atmospheric forcing is the same for CONTROL and FRESH and does not generate changes in sea ice)
and 3% in volume with large regional variations (Figure S1c and S1f in Supporting Information S1 for anomaly
patterns on a circumpolar domain). The spatial pattern of sea ice response to meltwater forcing, calculated as
the difference between FRESH and CONTROL, qualitatively matches the observed changes in the western Ross
Sea continental shelf and the Ross Gyre (Figures 2a—2d and 2i-21). The Ross Sea continental shelf signal (area
bounded by black bars in Figure 2a), which is largely missing or of opposite sign in the historic CONTROL simu-
lation, is most pronounced in summer and autumn, and is weak or non-existent in winter and spring (Table S1 in
Supporting Information S1, first two rows). The seasonality is to be expected as changes in sea ice concentration
manifest much more easily in summer when the sea ice pack is less compact; in winter, the ocean surface is fully
covered by sea ice so that variance is expressed more in sea ice thickness than area. Changes in sea ice concen-
tration during winter and spring therefore mostly occur near the sea ice edge where the predominantly offshore
wind is the dominant transport mechanism (Kimura, 2004), resulting in the overall increase in sea ice area.
The decrease in sea ice concentration in the western Bellingshausen and Amundsen Seas is weaker in FRESH
compared with the historic CONTROL simulation which suggests the observed decrease in this sector is mostly
due to atmospheric forcing.
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The simulated response to increased meltwater in summer and autumn (Figures 2i and 2j) is most intense near the
coast, where the freshwater perturbation is strongest. However, in the colder months (Figures 2k and 21) the signal
is clearest, although much more modest, at the ice edge in the western Ross Sea. Sea ice volume observations are
limited, but the model allows us to additionally investigate the response in sea ice volume to enhanced basal melt-
water forcing (Figures 2m—2p, Table S1 in Supporting Information S1 row four). The pattern in volume change
resembles to first order the concentration change with decreasing volume in the Bellingshausen and Amundsen
Seas and increasing volume in the Ross Sea. Differences occur mostly in the seasonality with sea ice volume
signals emerging during winter and spring when the sea ice is consolidated. The negative signal in the Amundsen
Sea (confined to the continental shelf) and the positive signal in the western Ross Sea (confined to the continental
shelf during summer and autumn and further offshore during winter and spring) persist throughout the year due
to decreasing and increasing sea ice thicknesses, respectively.

3.2. Importance of Dynamic Sea Ice Response

The improvements of the sea ice change in FRESH compared to CONTROL on the Ross Sea continental shelf in
particular (Table S1 in Supporting Information S1 third row) suggests that basal meltwater forcing may be one
of the drivers in this region. To understand how basal meltwater affects sea ice in the model, we consider the sea
ice volume tendency and its thermodynamic and dynamic components, both of which are calculated online by
the model. The decomposition is informative as the two components represent different physical mechanisms.
The thermodynamic sea ice volume tendency component indicates areas of sea ice freezing (Figures S3a—S3d
in Supporting Information S1, positive) and melting (Figures S3a—S3d in Supporting Information S1, negative).
The dynamic sea ice volume tendency component indicates the redistribution of existing sea ice by convergence
(Figures S3e—S3h in Supporting Information S1, positive) and divergence (Figures S3e—S3h in Supporting Infor-
mation S1, negative). The sea ice volume differences in the final 3 years of the experiment arise from changes
in the tendency terms over the entire perturbation period, so to give a direct comparison with Figure 2, we
time-integrate the tendency terms over the full perturbation period.

It is important to note that the dynamic and thermodynamic terms are intimately coupled by the sea ice's insulat-
ing properties, that is, the presence of sea ice prevents ocean-to-atmosphere heat loss and limits further freeze.
Hence, dynamic removal of ice (negative dynamic tendency) allows rapid refreeze (positive thermodynamic
tendency). As evident in Figures 3a—3d, the net gain or loss is the residual of these compensating terms. The
volume anomaly (Figures 2m—2p) does not exactly match the net volume tendency (Figures 3a—3d) in the respec-
tive season as the volume is partially affected by sea ice accumulation from the previous season which results in
a noisy field.

In the western Bellingshausen and Amundsen Seas, the dynamic tendency dominates the meltwater response
(compare magnitude in Figures 3a—3d and 3i-31). The dominance of the dynamic tendency emerges in particular
in the summer period when the sea ice coverage is less dense and more movable. Accordingly, changes occur
mostly in areas along the continental shelf that are already dynamic in CONTROL (Figure S3e in Supporting
Information S1 and Figure 3i).

The Ross Sea response is somewhat more complicated since both the dynamic and thermodynamic tendencies
are required to explain the net response. There is a dynamic removal of ice from the Ross Sea embayment during
the freeze season (Figuress 3j—31), which allows increased sea ice production (Figures 3f—3h). Some of this ice
is transported northwards by winds (Figures 4b—4d), resulting in a positive dynamic response in the outer pack
of the western Ross Sea. The greater ice volume at the end of winter means that there is more ice to melt in
summer, explaining the negative thermodynamic tendency in the Ross Sea ice edge (Figure 3e), even though
there is a positive anomaly in summer ice cover and volume (Figures 2i and 2m). To summarize, dynamical
changes in the sea ice volume tendency dominate thermodynamic changes (western Bellingshausen and Amund-
sen Seas) or are of approximate equal importance (Ross Sea, Table S1 in Supporting Information S1 rows 5-7).

3.3. Basal Meltwater Affects Ocean-Driven Sea Ice Motion

We further analyze the dynamical response to the applied freshwater forcing in FRESH and consider the sea ice
and ocean surface motion itself (Figure 4 and Figures S4a—S4d in Supporting Information S1). Sea ice moves
westward near the continental shelf in the Bellingshausen and Amundsen Seas as well as west of the Ross Sea
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Figure 3. Importance of dynamic sea ice response to increased freshwater input. Seasonal (a—d) total, (e-h) thermodynamic, and (i—1) dynamic sea ice volume
tendency changes. In panel (e-h) positive values indicate more sea ice formation and less sea ice melting in FRESH. In panel (i-1) positive values indicate more sea ice
convergence and less sea ice divergence in FRESH. The gray contour indicates a sea ice concentration value of 0.15 for CONTROL and approximates the sea ice edge.
Values below the 0.15 threshold are masked out. The black contour is the 1,000-m isobath, ice shelves are shaded in black and land in gray.

(Figures 4a—4d). In the Ross Sea, sea ice moves north, that is, away from the coastline, and recirculates to the
east in the Ross Gyre. The change in sea ice motion is, however, concentrated in a band along the continental
slope (Figures 4e—4h), coinciding with the location of the ASC (Figure 1). Freshwater-driven changes of the ASC
therefore explain the regional pattern in sea ice.

Summer Winter Spring
- 0.20

0.15

°
2
o
(ms™1)

CONTROL
Sea ice speed

0.05

(ms™h)

—0.05

FRESH - CONTROL
A Sea ice speed

-0.10

Figure 4. Increased sea ice motion driven by ocean current. (a—d) Seasonal sea ice motion in CONTROL with overlaid arrows that show the strength and direction.
(e-h) Difference in sea ice motion between FRESH and CONTROL, positive values indicate larger sea ice velocities in FRESH. The gray contour indicates a sea ice
concentration value of 0.15 for CONTROL and approximates the sea ice edge. Values below the 0.15 threshold are masked out. The black contour is the 1,000-m
isobath, ice shelves are shaded in black and land in gray.
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The additional freshwater in FRESH lowers the continental shelf salinity and with it the density (Figures S5a
and S5b in Supporting Information S1). As a consequence, the cross-shelf density gradient strengthens and
accelerates the ASC (Figures S4a—S4d in Supporting Information S1). Accordingly, the increase in the velocities
is most pronounced downstream of the fast melting ice shelves in the western Bellingshausen and Amundsen
Seas (Figure 1). The ASC accelerates most in summer when melt rates peak (Naughten, Meissner, Galton-Fenzi,
& England, 2018) and the sea ice concentration is low, which matches the described seasonality in the pattern
of sea ice change in the Bellingshausen and Amundsen Seas sector. The stronger current in FRESH favors the
redistribution of the sea ice which leads to lower concentrations and allows the surface waters to warm (Figures
S4e—S4h in Supporting Information S1).

The acceleration of the ASC is reduced near the Ross Sea embayment, where the geographical conditions differ.
The continental shelf is much wider which means the shelf break is further away from the ice shelf where the
perturbation is applied. Additionally, the Ross Ice Shelf has low mean melt rates (Figure 1). Both factors result in
the applied freshwater perturbation having a smaller effect compared to the neighboring continental shelf which
is narrow and adjacent to high melting ice shelves. Downstream of the Ross Sea, where the continental shelf
becomes narrow again, the ASC accelerates with similar rates as in the Amundsen Sea.

4. Implications of Sea Ice Redistribution

We propose a new mechanism for the regional variability in observed sea ice trends in West Antarctica. We pres-
ent evidence from a perturbation experiment in a coupled ocean/sea-ice/ice-shelf model that an increase in ice
shelf basal meltwater accelerates the geostrophic ocean circulation which consequently results in the redistribu-
tion of the floating sea ice. Our results highlight the crucial role of ocean currents in affecting sea ice distribution,
with changes in ocean currents being able to explain some of its observed trends. Sea ice motion is typically
associated to the mechanical forcing by winds (P. R. Holland & Kwok, 2012). Our model experiment, however,
sets the focus clearly on the ocean circulation as we do not perturb the atmosphere. Our result is consistent
with previous studies showing strong westward currents and gyres locally dominate sea ice drift near the coast
(Kimura, 2004). Eddy-resolving simulations of the Antarctic margin further show that the momentum transfer
between the sea ice and the ocean in the ASC band reduces to almost zero resulting in comparable sea ice and
ocean velocities (Si et al., 2021; A. L. Stewart et al., 2018, 2019), which approximately holds in our not fully
eddy-resolving simulations (Figures S5c and S5d in Supporting Information S1). Changes in the ocean current
due to buoyancy forcing can therefore be expected to be reflected in the sea ice. Our results also agree with exist-
ing literature which supports an important role of buoyancy forcing, including that from basal meltwater, for the
strength of the ASC (Beadling et al., 2022; Moorman et al., 2020; Nakayama et al., 2014; Naughten, Meissner,
Galton-Fenzi, England, Timmermann, & Hellmer, 2018; Thompson et al., 2020).

The redistribution of sea ice that we demonstrate here has broader impacts on the climate and ecosystem. Coastal
sea ice has a role in protecting ice shelves from destructive ocean swells (Massom et al., 2018) and summer
warming of surface waters in front of the ice shelf (Kusahara, 2021). Our study shows that meltwater from
Amundsen Sea ice shelves causes the removal of sea ice away from those same shelves, potentially invoking a
positive feedback that could enhance future melt rates. The ecosystem response to Antarctic sea ice change is
complex and not well-understood, but there is significant evidence that changes to coastal sea ice (e.g., Amundsen
Sea) and the outer pack (e.g., Ross Sea) has implications for primary production, keystone species (e.g., krill) and
distributions of iconic megafauna such as penguins (Massom & Stammerjohn, 2010).

An important caveat to the result of this study is that our experiments are run in an uncoupled state that does not
allow for atmospheric feedbacks to evolve. In particular, surface air temperature is especially tightly coupled to
sea ice concentration (Hobbs et al., 2020; Massonnet et al., 2013), and we expect this to somewhat damp the sea
ice concentration response to perturbation and to explain why the amplitude of anomalies in CONTROL alone
compare more favorably with observations. However, sea ice thickness is more free to respond to the ocean ther-
mal state and to thickening by dynamic convergence, and indeed we see a stronger response in sea ice volume
than concentration.

The response of sea ice to the freshwater from basal melting is sensitive as to how the perturbation is applied in
the model, and to the model resolution (Beadling et al., 2022; Bintanja et al., 2013, 2015; Bronselaer et al., 2018;
Hellmer, 2004; Mackie et al., 2020; Merino et al., 2018; Pauling et al., 2016, 2017; Rye et al., 2020; Swart &

HUNEKE ET AL.

7 of 10

8518017 SUOWILLIOD AR 3|dedt|dde aup Aq peuenob e il VO ‘8sn JO S9N oy A%eiq 18Ul UQ 8|1 LD (SUORIPUOD-PLE-SWBIALIO" A8 | 1M Afe.q) 18U [UO//StNY) SUORIPUOD Pue SWLB | 8U} 89S *[£202/2T/TZ] Uo ArigiTauliuo AB|iM ‘Aenins dnomeiuy usilig Aq SErSOT 19€202/620T 0T/10p/uioo A8 | im Are.q 1 putjuo sandnfe;/sdny wouy papeojumod vZ ‘€202 ‘L00876T



A7oN |
MN\\JI
ADVANCING EARTH
AND SPACE SCIENCES

Geophysical Research Letters 10.1029/2023GL105435

Acknowledgments

This research was supported under the
Australian Research Council's Special
Research Initiative for Antarctic Gate-
way Partnership (SR140300001) and

the Centre of Excellence for Climate
Extremes (CE170100023). Will Hobbs

is supported by grant funding from the
Australian Government as part of the
Antarctic Science Collaboration Initiative
program. Andreas Klocker is supported
by the Research Council of Norway
through project KeyPOCP (Studies of
Key Polar Ocean and Climate Processes
with high resolution coupled climate
models). Kaitlin Naughten's involvement
was supported by the Drivers and Effects
of Fluctuations in sea Ice in the ANTarc-
tic (DEFIANT) project funded by the
Natural Environment Research Council,
UK. This research was undertaken on the
National Computational Infrastructure
(NCI) in Canberra, Australia, which is
supported by the Australian Common-
wealth Government. Open access
publishing facilitated by Australian
National University, as part of the Wiley -
Australian National University agreement
via the Council of Australian University
Librarians.

Fyfe, 2013). Our model configuration benefits from its ability to adequately resolve ocean circulation at the
Antarctic margins and that it includes active ice shelves. Most current global climate models lack these two
factors, so they likely underestimate the meltwater-driven changes in the ocean circulation and sea ice motion
described in this study. Future work should test if the proposed mechanism holds in a coupled model with
comparable grid resolution and active ice shelf cavities once such model becomes available. Additionally, a
greater consensus between freshwater perturbation experiments with numerical models is desirable to eventually
improve future climate simulations.

5. Conclusion

We present a mechanism by which basal meltwater can accelerate west Antarctic coastal currents and redistribute
sea ice. This mechanism is distinct from previous similar studies that have focused on how meltwater changes the
vertical heat flux that limits sea ice growth. A dynamical response may also be active in earlier models but went
undiagnosed. The proposed mechanism removes sea ice from ice shelf fronts of the rapidly melting Amundsen
Sea ice shelves. Since previous work suggests that sea ice plays a role in moderating ice shelf mass loss, this
mechanism could lead to a positive feedback by removing the protection of coastal sea ice from affected ice
shelves, as ice shelf melt accelerates in the near future.

Data Availability Statement

The model source code is available from Naughten (2016). Model output is available from a Zenodo repository
at Huneke (2023). Sea ice observations are available from NSIDC (2021). Python scripts for data analysis and for
producing figures can be obtained at the Huneke (2022) github repository.
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