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ABSTRACT

Circumpolar Deep Water (CDW) is the heat source driving ice loss from the Antarc-
tic Ice Sheet. These warm ocean waters can be found everywhere north of the
continental shelf break around Antarctica. Along most of the Antarctic coastline,
the Antarctic Ice Sheet is protected from this heat reservoir by a buffer of surface
cooled continental shelf waters. But where this buffer fails, and warm CDW en-
croaches on the Antarctic coast without venting its heat to the atmosphere, these
warm waters rapidly melt floating ice shelves from below and accelerate the flow
of upstream glaciers into the ocean. For decades this has been observed along the
Pacific coast of Antarctica, leading to dramatic ice loss from the West Antarctic Ice
Sheet. This thesis aims to improve our understanding of the dynamics controlling
the supply of warm CDW to the Antarctic continental shelf and determining the fate
of warm CDW after it crosses the continental shelf break. An atypical focus on the
latter suite of processes, i.e. the “sinks” of CDW on the continental shelf, yields
novel insights into the Antarctic coastal environment and the drivers of ice shelf
melt variability.

The depth of the thermocline partitioning warm CDW from colder overlying Winter
Waters (WW), effectively the thickness of the CDW layer, correlates well with West
Antarctic ice shelf melt rates. Using a simple conceptual model, we show that vari-
ations in coastal sea ice formation rates can generate large amplitude, decadal-scale
thermocline depth variations, even when the supply of CDW from the shelf-break
is steady. The modeled variability is sustained by feedbacks between ice shelf melt
rates, vertical mixing of CDW across the thermocline, and thermocline stratification
strength, here a function of WW density. In a later chapter, relationships between
thermocline and WW properties are investigated throughout the West Antarctic con-
tinental shelf using observations. This assessment reveals consistent relationships
between thermocline depth and thermocline stratification strength throughout the
region, but suggests sea ice processes exert differing degrees of influence on CDW
thickness in the Amundsen and Bellingshausen sectors. These studies frame the
West Antarctic thermocline as a potential site of CDW modification, modulating the
diversion of CDW heat away from ice shelves towards the atmosphere.

When warm CDW manages to access Antarctic ice shelves and melt glacial ice, it
loses some of its heat to that process. Though this statement may appear banal, the
majority of ocean and climate models fail to account for the heat exchanges needed
to melt Antarctic glacial ice. Using simulations that represent ice shelf and iceberg
melt, we present a detailed heat budget of Antarctica’s coastal oceans, demonstrating
that this omission neglects the largest ocean heat sink on the Antarctic continental
shelf. Experiments where we suppress this heat sink to evaluate the impact of its
omission reveal that the supply CDW heat to the continental shelf is dynamically
coupled to the consumption of CDW heat on the continental shelf.

Ultimately, this thesis serves as a reminder to consider the processes keeping Antarc-
tica’s coastal oceans cold when investigating the drivers ice shelf melt variability.
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Chapter 1

INTRODUCTION

The future of the Antarctic Ice Sheet (AlS) is considered deeply uncertain by the
Intergovernmental Panel on Climate Change (IPCC, Oppenheimer et al., 2019).
Though projected contributions to sea level rise from the AIS are consistently
limited to 28 cm by 2100 they diverge substantially beyond this point, with sea level
contributions as low as -0.4 m (i.e. AIS mass gain) and as high as + 6.9 m feasible
by 2300 under high emissions scenarios (Seroussi et al., 2024). The root of this
uncertainty is an inadequate understanding of the physical processes controlling the
rate of ice discharge from the AIS into the ocean at its margins (Fricker et al., 2025).
A subset of these processes relate to the temperature of coastal ocean waters that
melt the oating ice shelf extensions of AlS glaciers, such processes are at issue in
this thesis.

AIS mass loss over the satellite era has been driven by increased rates of ocean-driven
ice shelf melt, possibly compounded by ice stream geometric instability (Fricker et
al., 2025; Meredith et al., 2019). Recorded ice loss has been concentrated to the West
Antarctic Ice Sheet (WAIS, see Fig. 1.1), where thinning ice shelves exert a weakened
buttressing or restraining e ect on upstream glacier ow, leading to accelerating

ice discharge into the sea (Furst et al., 2016; Morlighem et al., 2020). WAIS ice
shelves are thinning due to rapid melting from below by warm Circumpolar Deep
Waters (CDW) (Pritchard etal., 2012). As the circumpolar moniker suggests, these
warm waters can be found everywhere north of the continental shelf break around
Antarctica, however they do not have a circumpolar presence near the coast at the ice
sheet margin (Fig. 1.1). Along most of its coastline (e.g. in the Ross Sea, Fig. 1.2),
the AIS is protected from this vast heat reservoir by a bu er of continental shelf
waters kept cold by exposure to the frigid Antarctic atmosphere. However, in the
Amundsen and Bellingshausen Seas these surface cooled waters do not consistently
extend to the sea oor, leaving room for a layer of warm modi ed CDW (mCHW

to advance towards the coast and access ice shelf cavities (Figs. 1.1 and 1.2). The
bulk of AIS mass loss to date has been observed upstream of ice shelves exposed to
warm mCDW in the Amundsen and Bellingshausen Seas (see Fig. 1.1 and, for e.qg.,
IMBIE Team, 2018; Pritchard et al., 2012; B. Smith et al., 2020).

A natural, but non-trivial, question arises: when and how did this process of West
Antarctic ice shelf thinning by mCDW begin? This question has proved di cult to
address due to the limited duration of direct observations along Antarctica's Paci ¢

1CDW is somewhat of an umbrella term. In the open Southern Ocean it can be partitioned into
warmer, lighter Upper CDW (UCDW), which enters the Southern Ocean from the Paci ¢, and cooler,
more saline Lower CDW (LCDW) which arrives from the Atlantic and resembles North Atlantic
Deep Water. At the West Antarctic continental shelf break these water masses mix and form a new
end member, referred to as modi ed CDW (mCDW).



Figure 1.1: Shading in the open ocean and within ice shelf cavities (outlined in white)
shows the climatological mean ocean temperature at 1000 dbar or the sea oor, provided by
Zhou, Dutrieux, and Giulivi (2024). Shading on the continent shows mean ice mass loss
from Antarctica from 2003 2019 (B. Smith et al., 2020), available under a CCBY 3.0 li-
cense following (https://digital.lib.washington.edu/researchworks/items/b60f8b8c-ecd4-4f3c-albe-
5¢9201dbd894/full). Note that ice mass loss rates use a non-linear colorbar, regions of net ice loss
are losing mass much faster than regions of net ice gain. The black dashed contour is a 1000 m
isobath demarcating the continental shelf. WAIS: West Antarctic Ice Sheet, EAIS: East Antarctic Ice
Sheet.

coast. The earliest hydrographic observations from the Amundsen Sea embayment
where ice shelf thinning by mCDW drives the bulk of WAIS mass loss via the

Pine Island, Thwaites, Pope, Smith, and Kohler glaciers (Rignot et al., 2019; B.
Smith et al., 2020) were collected as recently as 1994 (Jacobs et al., 2012; Jacobs
et al., 1996), leaving the 20th century ocean forcing history of Amundsen Sea ice
shelves largely unknown. Though contemporaneous hydrography is unattainable,
airborne radar and satellite derived observations demonstrate that glacier thinning
was underway by the 1970s (Rignot et al., 2019; Schroeder et al., 2019) and sediment
core analysis suggests retreat began in the 1940s (Clark et al., 2024; J. A. Smith et al.,
2017). The synchronous initiation of retreat among numerous glaciers suggests an
external driver, consistent with ocean thermal forcing (Clark et al., 2024).
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Prevailing narratives ascribe the initiation of 20th century WAIS glacier retreat to
changing zonal winds at the Amundsen Sea continental shelf break. Observations
and simulations agree that the poleward diversion of an eastward owing undercur-
rent within the mCDW core at the shelf break supplies warm mCDW to Amundsen
Sea ice shelves via bathymetric troughs (Fig. 1.3) (e.g. Park et al., 2024; Walker
et al., 2013). Numerous studies nd that westerly wind anomalies over the Amund-
sen continental shelf break barotropically (i.e. constant with depth) accelerate the
Amundsen Undercurrent and enhance mCDW transport towards ice shelf cavities
(Assmann et al., 2013; Dotto et al., 2019, 2020; P. R. Holland et al., 2019; Naughten
et al., 2022). Widespread acceptance of this mechanism as the dominant driver of
contemporary Amundsen Sea basal melt variability places it at the center of ex-
planatory narratives of 20th century WAIS retreat. A possible long-term westerly
trend in shelf break winds (P. R. Holland et al., 2019; Naughten et al., 2022), or a
more isolated multi-year westerly wind anomaly associated with a 1940s El Nifio

Figure 1.2: Cross shelf transects of climatological mean temperature in the Amundsen (top, taken
from -106.5E) and Ross (bottom, taken from 1B} Seas. White dashed lines are contours of
constant potential density or isopycnals" (referenced to 1000 dhgr,lfabels indicate relevant
water masses (WW: Winter Water, [m]CDW: [modi ed] Circumpolar Deep Water, AABW: Antarctic
Bottom Water, DSW: Dense Shelf Water). Red arrows highlight isopycnal CDW pathways across
the shelf break. Bathymetry (brown) and ice shelf draft (white) have been smoothed. Climatological
elds provided by Zhou, Dutrieux, and Giulivi (2024). Note x-axes are aligned.
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event (Schneider & Steig, 2008), are considered prime candidates for the initiator
of recent ice loss. These mechanisms can be leveraged to link WAIS ice loss to an-
thropogenic climate change, since large scale atmospheric circulation features in the
Amundsen Sea respond to conditions in the tropical Paci ¢ with better established
dependencies on anthropogenic forcing (P. R. Holland et al., 2019).

In the last few years, this conceptualization of westerly wind driven WAIS retreat
has been challenged on numerous fronts. Climate reconstructions constrained by pa-
leoclimate proxies consistently show no trend in Amundsen shelf break zonal winds
over the 20th century (Dalaiden et al., 2021; P. Holland et al., 2022; O'Connor et al.,
2021). And whilst reconstructions do show evidence of a multi-year westerly wind
anomaly in the 1940s, events of a similar nature occur too frequently in reconstruc-
tions to present a compelling explanation for such large changes to the cryosphere
without compounding factors (O'Connor et al., 2023). Concurrently with these

e orts, Silvano et al. (2022) found, using a high-resolution regional ocean simula-
tion, that westerly wind anomalies were actually correlated with deceleration of the
Amundsen Undercurrent and reductions in basal melt rates on decadal timescales
due to baroclinic (i.e. sheared with depth) adjustment of the shelf break ow to
poleward surface Ekman transport. Westerly winds still appear to accelerate the
undercurrent on monthly to interannual timescales, but the response ips at longer
timescales more relevant to ice shelf forcing. Following this, Naughten et al. (2023)
found no signi cant relationship between shelf break winds and continental shelf
ocean warming trends in an ensemble of regional simulations forced at the surface by
output from climate models following di erent future emissions pathways. In light

of evidence that mCDW supply to the Amundsen embayment may not be enhanced
by shelf break westerlies beyond interannual timescales and that, in any case, shelf
break westerlies may not have changed substantially over the 20th century, alterative
explanations for WAIS retreat are being pursued.

In the wake of this shifting landscape, there has been renewed interest in the poten-
tial role of sea ice in driving ocean heat content variations along the West Antarctic
coast. Using a series of atmospheric forcing perturbation experiments with a re-
gional West Antarctic ocean simulation, Caillet et al. (2023) found that moderate
changes to surface heat, freshwater, and momentum uxes could transition the West
Antarctic continental shelf between cold states with very little mCDW intrusion
on the shelf and warm states similar to present conditions. Critically, they deter-
mined that these transitions were ultimately driven by changes in coastal surface
buoyancy uxes, as the applied atmospheric perturbations altered rates of net sea
ice formation and transport from the shelf to the open ocean. Similar relationships
between sea ice driven surface buoyancy uxes and Amundsen Sea coastal heat
content have since been identi ed in several other simulation studies (Haigh et al.,
2026; O'Connor et al., 2025; K. A. Turner et al., 2025). Though details di er among
these studies, all propose that changing rates of sea ice formation and export from
the West Antarctic continental shelf can alter lateral density gradients at the shelf
break in ways that modulate mCDW supply by the Amundsen Undercurrent. These
variations in mCDW supply are then understood to drive variations in coastal ocean



Figure 1.3: Shading shows the bathymetry of the Amundsen Sea continental shelf as given by
Charrassin et al. (2025). Grey contour indicates the 500 m isobath, highlighting cross shelf troughs.
Arrows schematize the circulation pathways of the westward, surface intensi ed Antarctic Slope
Current (blue) and its eastward Amundsen Undercurrent (red). Dashed lines indicate less studied
extensions of these circulation features. Shading over grounded ice (otherwise white) schematically
illustrates the locations of glaciers experiencing high rates of mass loss, guided by B. Smith et al.
(2020) (mass loss maps are included without modi cation in Fig. 1.1). Ice shelves are outlined in
white and key glaciers (white text) and ice shelves (black text) are labeled.

heat content and basal melt rates, though this is not typically veri ed directly. This
sea ice buoyancy redistribution mechanism has been identi ed as a potential driver
of both observed (Haigh et al., 2026) and projected (K. A. Turner et al., 2025) vari-
ations in Amundsen embayment basal melt rates. By demonstrating that northerly
wind trends in the Amundsen embayment produced by proxy constrained atmo-
spheric reconstructions can increase coastal ocean heat content via this mechanism,
O'Connor et al. (2025) presents wind driven sea ice changes as a plausible driver of
20th century WAIS retreat.

In my thesis work, | take seriously the possibility that changes to the buoyancy of
Antarctic coastal waters by sea ice formation and ice shelf melting can meaningfully
impact coastal ocean heat content not just by altering mCDW supply, but by altering
mCDW transformation. To motivate this rationale, let us return to amore circumpolar
view and contrast the adjacent Amundsen and Ross shelf seas of Antarctica's Paci ¢
coast (Figs. 1.1 and 1.2). Simulations indicate that the Ross Sea continental shelf
is not cold due to low rates of mCDW supply, indeed there is evidence that Dense
Shelf Water (DSW) export regions such as the Ross are hotspots of cross shelf break
mCDW transport (Darelius et al., 2023; Morrison et al., 2020), but because supplied
mCDW undergoes rapid water mass transformation by surface heat and freshwater
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uxes (Tamsitt et al., 2021). As it crosses the continental shelf break in the Ross
Sea, warm mCDW encounters cold shelf waters of comparable density. These warm
waters can mix along isopycnal pathways to the surface ocean and can therefore
vent excess heat to the Antarctic atmosphere before encountering glacial ice (see
red arrows in Fig.1.2). By contrast, WW in the Amundsen Sea is more buoyant
and does not form an isopycnal pathway between mCDW and the surface ocean,
instead MCDW remains comparatively insulated from surface forcings and retains
its heat as it traverses the continental shelf towards ice shelves (Fig.1.2, red arrows).
If di erences in surface driven mCDW transformation can explain these dramatic
spatial variations in coastal ocean heat content, might they not also play a role in
driving temporal variations in mCDW driven ice shelf melt?

In Chapter 2 (Moorman et al., 2023), | start by considering the boundary between
mCDW and WW on the West Antarctic continental shelf as a potential site of
variable mCDW transformation that can divert mCDW heat away from ice shelves
towards the atmosphere. Hydrographic pro les from the Dotson ice shelf calving
front (see Fig. 1.1 for location) reveal correlations between very large amplitude
( 400 m) decadal scale variations in the thickness of the coastal mCDW layer
and the buoyancy of overlying WW. These variations in WW buoyancy, in turn,
appear to track the degree of WW modi cation by glacial meltwater. Inspired by
these relationships, we develop a conceptual model of the mCDW-WW thermocline
and use it to demonstrate that variations in coastal sea ice formation can generate
variability consistent with the observations, even when the supply of mCDW from
the shelf-break is held xed. The modeled variability is sustained by reinforcing
feedbacks between the thickness of the mCDW layer and the strati cation strength at
the thermocline, which impacts the degree of mMCDW entrainment into the WW layer
during periods of intense sea ice formation in the Amundsen Sea PélBiyailarly

to Caillet et al. (2023), we nd that variations of surface buoyancy forcing by coastal
sea ice formation can transition West Antarctic shelf environments between warm
and cool states, however, unlike Caillet et al. (2023) we nd that variable rates of
mCDW supply are not strictly necessary for these transitions to occur.

This close study of mCDW supply and transformation on the West Antarctic conti-
nental shelf led me to question the behavior of ocean simulations without thermody-
namically interactive ice shelves. In my previous studies (see Moorman et al., 2020),

| worked with a high-resolution ocean simulation that successfully represents key
features of Antarctica's coastal hydrography despite, as is common practice, treating
Antarctic ice shelf cavities as inert land and representing ice shelf melt as a pre-
scribed pure freshwater ux (i.e. without accounting for the heat exchanges needed
to meltice) at the ocean surface. The apparent success of this model despite neglect-
ing such a large ocean heat sipkuggested to me that that the dynamics governing

2Coastal polynyas, such as the Amundsen Sea Polynya, are regions where o shore winds push
newly formed seaice away from the coast as it forms, exposing more water to the Antarctic atmosphere
so that it too can freeze. This essentially creates a conveyor belt for enhanced sea ice formation.

3A back-of-the-envelope calculation told me the ocean heat sink should be 30 TW under
current rates of AIS discharge.
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heat supply to the shelf must be somehow coupled to the dynamics governing heat
consumption. In Chapter 3 (Moorman et al., 2026), | investigate this question by
conducting a detailed ocean heat budget analysis of the Antarctic continental shelf
in a simulation with thermodynamically interactive ice shelves, then assessing how
the ocean adjusts to experiencing the freshening e ect of ice shelf meltwater without
losing heat to the process of melting ice. In our simulations we nd that approx-
imately 60% of the heat supplied across the continental shelf break is ultimately
lost to the act of melting glacial ice, making it the largest ocean heat sink on the
Antarctic continental shelf. Suppressing this heat sink leads to enhanced heat loss to
the atmosphere through thinned sea ice cover as well as reductions in heat supply to
the continental shelf via sea ice mediated strati cation changes. Our results suggest
that rates of cross shelf break heat supply are coupled to variations in the locally
dominant mode of mMCDW transformation; basal melting in warm regions such as
the Amundsen Sea, and surface heat loss in DSW formation regions such as the Ross
Sea. Intriguingly, we nd that heat supply to the Amundsen Sea does not respond
to sea ice mediated strati cation changes when basal melt rates are held xed. This
result has implications for emerging theories of WAIS melt variability and retreat
initiation (Caillet et al., 2023; Haigh et al., 2026; O'Connor et al., 2025; K. A. Turner

et al., 2025) and is being pursued further in ongoing work (see Chapter 5).

In Chapter 4, | return to a focus on the West Antarctic thermocline and present an
observational overview of the thermocline depth, thermocline strati cation strength,
and WW properties across the Amundsen and Bellingshausen shelf seas. Though the
Bellingshausen continental shelf is notably warmer than the Amundsen continental
shelf, it receives less research attention since its ice shelves drain a smaller portion
of the WAIS (Fig. 1.1). The Bellingshausen Sea merits closer scrutiny both for its
own sake and as a potential model for the future of the Amundsen embayment under
a warmer climate. The results of our observational assessment reveal consistent
relationships between thermocline depth and thermocline strati cation across the
region, but suggest di erent processes govern thermocline variability in the Amund-
sen and Bellingshausen sectors. We infer that surface driven mCDW transformation
may play a role in thermocline variations in the Amundsen embayment where
the thermocline is consistently deeper, more weakly strati ed, more variable, and
more dependent on WW density but not on the warmer Bellingshausen continental
shelf. Finally, in Chapter 5, | provide descriptions of co-authored and in-progress
work that constitute direct extensions of Chapter 2 and Chapter 3.

In totality, the work presented in this thesis suggests a greater role for sea ice
variability in controlling the heat content of Antarctic coastal waters than was
perhaps previously appreciated. It also highlights that the dynamics of warm mCDW
supply to the continental shelf and transformation on the continental shelf are
intricately coupled in ways that should give one pause when inferring the direction
of causality between correlated signals. Ultimately it demonstrates that the sources
and sinks of warm water should receive balanced consideration when assessing the
drivers of Antarctic ice shelf melt variability.



Chapter 2

COASTAL POLYNYAS ENABLE TRANSITIONS BETWEEN
HIGH AND LOW WEST ANTARCTIC ICE SHELF MELT RATES

This work is reproduced from the published article:

Moorman, R., Thompson, A. F., & Wilson, E. A. (2023). Coastal polynyas enable
transitions between high and low West Antarctic ice shelf melt rates. Geophysical
Research Letters, 50(16), e2023GL104724. https://doi.org/10.1029/2023GL104724

As a self contained work, some notation and formatting conventions may di er from
conventions used elsewhere in this thesis.

2.1 Abstract

Melt rates of West Antarctic ice shelves in the Amundsen Sea track large decadal
variations in the volume of warm water at their outlets. This variability is generally
attributed to wind-driven variations in warm water transport towards ice shelves.
Inspired by conceptual representations of the global overturning circulation, we
introduce a simple model for the evolution of the thermocline, which caps the warm
water layer at the ice-shelf front. This model demonstrates that interannual variations
in coastal polynya buoyancy forcing can generate large decadal-scale thermocline
depth variations, even when the supply of warm water from the shelf-break is xed.
The modeled variability involves transitions between bistable high and low melt
regimes, enabled by feedbacks between basal melt rates and ice front strati cation
strength. Our simple model captures observed variations in near-coast thermocline
depth and strati cation strength, and poses an alternative mechanism for warm water
volume changes to wind-driven theories

2.2 Plain Language Summary

Ice loss from the West Antarctic Ice Sheet contributes signi cantly to current and
projected rates of global sea-level rise. The ice sheet is primarily losing mass
via glaciers that ow from the Antarctic continent into the Amundsen Sea, where
oating ice shelves are exposed to much warmer ocean waters than elsewhere around
Antarctica. In this work we present a simpli ed mathematical model for the volume

of warm water at Amundsen Sea ice shelf fronts that reproduces observed patterns
of warm water variability. The modeled variability relies on interactions between
ice shelf melt and coastal polynyas, regions where enhanced wintertime sea-ice
production can trigger mixing that diverts heat carried by warm waters away from
the ice shelf and into the atmosphere. Higher melt rates inhibit polynya convection,
allowing more warm water into the ice shelf cavity and reinforcing a high melt state,
whilst lower melt rates facilitate polynya convection, diverting heat away from the
ice shelf and reinforcing a low melt state. Interannual variations in polynya sea-ice
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production trigger shifts between these reinforcing states. Our results promote the
importance of coastal processes in explaining observed variations in Amundsen Sea
ice shelf melt, which have previously been attributed to remote wind patterns.

2.3 Introduction

Recorded mass loss from the West Antarctic Ice Sheet (WAIS) has been driven by
the accelerating ow of ice streams that terminate at rapidly thinning ice shelves in
the Amundsen Sea embayment (IMBIE Team, 2018; Mouginot et al., 2014; Paolo
et al., 2015). Whilst ice shelf thinning does not directly impact the ice sheet mass
balance, the restraining or buttressing e ect of oating ice shelves on upstream
grounded ice ow is critical for limiting ice discharge through glaciers (Furst et al.,
2016; Morlighem et al., 2020). The observed thinning of buttressing ice shelves
in the Amundsen Sea has been associated with high rates of basal melt driven by
modi ed Circumpolar Deep Water (mCDW) (Adusumilli et al., 2020; Pritchard

et al., 2012; Shepherd et al., 2004; J. Turner et al., 2017); a warmQzdove
freezing) water mass that oods the lower layers of the West Antarctic continental
shelf and carries heat from the open ocean to ice shelf cavities via glacially-carved
troughs (Dutrieux et al., 2014; Walker et al., 2007). Future projections of the WAIS
require accurate representation of forcings that dictate the access of warm mCDW
to Amundsen Sea ice shelf cavities.

Hydrographic observations from the Amundsen Sea embayment reveal decadal
variations in the thickness of the mCDW layer (Dutrieux et al., 2014; Jenkins et al.,
2018) that overwhelm multidecadal ocean warming trends previously considered
the driver of ice shelf thinning (Schmidtko et al., 2014). This decadal variability is
well observed in front of the Dotson Ice Shelf, where sea-ice free conditions in the
Amundsen Sea Polynya (ASP) permit the collection of summertime hydrographic
pro les near the ice shelf front (Figure 2.1). Observations from 2000 to 2018 reveal
high amplitude ( 400 m), low frequency ( 10 year period) variability in the
thermocline depth, characterized by a warm phase with thick mCDW from 2006-
2011 followed by a cool phase with thin mCDW from 2012-2016 and a potential
return to warm conditions in 2018 (Figure 2.1b,d) (Jenkins et al., 2018; Kim et al.,
2021). The observed thermocline variability has been linked to Dotson Ice Shelf
basal melt rates (Jenkins et al., 2018) and may be implicated in ice shelf thinning
trends, either via historical warm phases triggering geometric grounding line retreat
that continues to the present (Jenkins et al., 2016) or via a trend in the frequency of
warm phases unresolved by the short observational record (Naughten et al., 2022).

This mCDW thickness variability is often attributed to mechanical wind forcing. Nu-
merous studies relate eastward wind anomalies over the Amundsen shelf with warm
phases, suggesting these winds enhance poleward mCDW transport by barotropi-
cally accelerating the Amundsen undercurrent (Assmann et al., 2013; Dotto et al.,
2019, 2020; P. R. Holland et al., 2019; Naughten et al., 2022). Recently, Silvano
et al. (2022) a rm this barotropic mechanism at short timescales, but nd eastward
winds have the opposite e ect on poleward mCDW transport at decadal (and longer)
timescales due to baroclinic adjustment of the undercurrent. Melt rate variability
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