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Abstract. The Amery Ice Shelf (AmIS), the third largest ice shelf in Antarctica, has experienced relatively low rates of basal

melt during the past decades. However, it is unclear how AmIS melting will respond to a future warming climate. Here, we

use a regional ocean model forced by different climate scenarios to investigate AmIS melting by 2100. The areally-averaged

melt rate is projected to increase from 0.7 m·yr−1 to 8 m·yr−1 in the low-emission scenario or 17 m·yr−1 in the high-emission

scenario in 2100. An abrupt increase in melt rate happens in the 2060s in both scenarios. The redistribution of local salinity5

(hence density) in front of AmIS forms a new geostrophic balance, leading to the reversal of local currents. This transforms

AmIS from a cold cavity to a warm cavity, and results in the jump in ice shelf melting. While the projections suggest that AmIS

is unlikely to experience instability in the coming century, the high melting draws our attention to the role of oceanic processes

in basal mass loss of Antarctic ice shelves in climate change.

1 Introduction10

The Amery Ice Shelf (AmIS) is a large ice shelf in Antarctica (Figure 1). It is fed by Lambert Glacier system which accounts

for about 16% of the grounded ice in East Antarctica (Allison, 1979). AmIS has a deep grounding line reaching ∼2500m below

sea surface (Galton-Fenzi et al., 2008; Yang et al., 2021; Chen et al., 2023), which makes it susceptible to ocean temperature

changes in the deep ice shelf cavity, due to a low in-situ freezing point temperature (Galton-Fenzi et al., 2012; Wang et al.,

2022).15

Prydz Bay (PB) has a v-shaped coastline and constrains the AmIS (O’Brien et al., 2014). It is divided by Prydz Channel

(PC)—a trough with the depth of ∼500 m at the shelf break and a deeper trough at the inner embayment named Amery

Depression (AD) with bathymetry from 500-1000 m (Figure 1). The Fram Bank (FB) and the Four Ladies Bank (FLB) are

located on the western and eastern side of AD, respectively, and exhibit dramatic differences of zonal topography (Figure 1).

On the west of AD, the depth of FB rises sharply from ∼600 m to ∼200 m over a distance of ∼50 km. On the east of AD, FLB20

has a stepwise decrease from the depth of ∼200 m to ∼500m over a distance of ∼200 km (Liu et al., 2018).

Dense
::::
High

::::::
Salinity

:
Shelf Water (DSW

::::::
HSSW) and modified Circumpolar Deep Water (mCDW) are major water masses

causing AmIS basal melting (Galton-Fenzi et al., 2012; Herraiz-Borreguero et al., 2015, 2016). DSW
::::::
HSSW

:
is dense and

cold (slightly below the surface freezing point), which forms in coastal polynyas within PB during sea ice formation (Ohshima
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et al., 2013; Williams et al., 2016; Portela et al., 2021). WhenDSW
:::::
HSSW

:
descends into the AmIS cavity, the temperature of25

DSW
::::::
HSSW is higher than the in situ (pressure dependent) freezing point of seawater in the deepest cavity, which results in a

basal melt rate of >30 m�yr� 1 at the grounding line (Galton-Fenzi et al., 2012). The resulting meltwater, named Ice Shelf Water

(ISW), upwells along the western ice shelf base. ISW, with a temperature of the in situ freezing point, can be supercooled when

it is ascending and refreezing beneath the northwestern AmIS (Craven et al., 2009).

The cavity under AmIS is presently �lled with relatively coldDSW
:::::
HSSW

:
of -2.2� C to -1.8� C (Craven et al., 2004; Herraiz-30

Borreguero et al., 2015). This results in relatively low basal melting along with basal refreezing beneath the northwestern AmIS

(Depoorter et al., 2013; Rignot et al., 2013). Basal melt rates of AmIS have been stable during the past few decades (Adusumilli

et al., 2020).

However, Southern Ocean temperatures are projected to increase in a warming climate (Fox-Kemper et al., 2021; Rintoul

et al., 2018). The previous studies predict the increased upwelling of mCDW onto the continental shelf of the AmIS sector,35

resulting in a shift of cavity regime and consequently an increase of basal melting (Naughten et al., 2018; Kusahara et al., 2023;

Thomas et al., 2023; Mathiot and Jourdain, 2023). These studies provide insight into the drivers of warming on the continental

shelf. For example, a freshening in PB increases vertical strati�cation, and induces the warming (Aoki et al., 2022; Thomas

et al., 2023; Kusahara et al., 2023). Another mechanism is related to the poleward shift of westerly winds, which enhances

the upwelling of mCDW across the shelf break (Spence et al., 2017; Guo et al., 2019; Verfaillie et al., 2022). However, future40

changes in the links between the warming in PB and the warming in the AmIS ice shelf cavity, in other words, local oceanic

currents/intrusive pathways of warm water, still lack investigation.

mCDW was thought to be absent in the AmIS cavity (Craven et al., 2004). However, it has been observed at the AmIS

calving front entering the cavity during winter recently (Herraiz-Borreguero et al., 2015). Other hydrographical observations

and modelling studies have documented the presence of mCDW on the continental shelf in PB (Galton-Fenzi et al., 2012;45

Herraiz-Borreguero et al., 2015, 2016; Williams et al., 2016; Liu et al., 2017; Guo et al., 2022). The two main pathways of

mCDW intruding beneath AmIS are:

1. A large cyclonic gyre encircles AD, known as Prydz Bay Gyre (PBG) (Smith et al., 1984; Nunes Vaz and Lennon, 1996;

Heywood et al., 1999). mCDW upwells across the continental shelf, arriving at PB over FLB, and is transported by the eastern

branch of PBG toward AmIS (Galton-Fenzi et al., 2012; Herraiz-Borreguero et al., 2015; Williams et al., 2016; Liu et al.,50

2017). Some ISW exits the cavity and recirculates within PBG and returns beneath AmIS (Williams et al., 2016).

2. A narrow current �ows between FLB and the East coast, named Prydz Bay Eastern Coastal Current (PBECC), which

originates in the Antarctic Slope Current (ASC) (Liu et al., 2017, 2018). Due to the step-like deepened bathymetry over FLB,

ASC is redirected shoreward to conserve potential vorticity, resulting in the formation of PBECC (Liu et al., 2018), bringing

mCDW to PB (Liu et al., 2017).55

Previous studies have documented that a re-directed coastal current in front of Filchner-Ronne Ice Shelf (Hellmer et al.,

2017; Naughten et al., 2021) and Ross Ice Shelf (Siahaan et al., 2022) drives a rapid warming of the ice shelf cavity in climate

scenarios. The aim of this study is to determine whether the strength and direction of intrusive mCDW pathways in PB remain

the same or change in response to future climate change, and how these changes affect the melt experienced by AmIS.
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Figure 1. Model domain and schematic diagram of ocean circulation in Prydz Bay. The colour scale shows bathymetry (m). The thin black

contours
:::
lines

:::
on

:::
the

::::::::
continental

::::
shelf

:
indicate bathymetry of350 m

:::
-300, 500 m

:::
-500

:
and700

::::
-650 m. The

:::
thin

:::::
black

::::
lines

::
on

::::::
Amery

::
Ice

::::
Shelf

::::::
(AmIS)

:::::
show

::::::::
bathymetry

::
of

::::
-600,

:::::
-800,

:::::
-1200,

:::::
-1500,

:::::
-2000

::
m.

:::
The

:
thick black line represents the coastal line, and the thickgrey

::::::
magenta lines show the ice shelf fronts. The thick reddashedarrow represents Antarctic Slope Current (ASC).Thick

::
The

:
purple arrows show

Prydz Bay Gyre (PBG).Thick
::
The

:
yellow arrow indicates Prydz Bay Eastern Coastal Current (PBECC). Thin purple and yellow arrows in

AmIS show modi�ed Circumpolar Deep Water. Cyan arrows represent Ice Shelf Water (ISW).
:::
The

::::
white

::::
line

:::::
shows

:
a

::::::
transect

::::::::
extending

:::
from

:::
the

::::::::
grounding

:::
line

::
to

::
the

::::
shelf

:::::
break.

:
Geographical features are labelled as follows: AmIS: Amery Ice Shelf, PIS: Publications Ice Shelf

WIS: West Ice Shelf, PC: Prydz Bay Channel, AD: Amery Depression, FLB: Four Ladies Bank, FB: Fram Bank. Inset: location of AmIS.

This paper is structured as follows: Section 2 describes our regional model con�guration, model forcing and experiments;60

Section 3.1 presents projections of AmIS basal melting and temperature on the continental shelf; Section 3.2 proposes a mech-

anism driving the increase in AmIS basal melting; and Section 4 presents conclusions and discusses the limits and implications

of this work.
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2 Models and Methods

2.1 Regional model con�guration65

The regionalNEMO con�guration used to study Amery Ice Shelf-Prydz Bay (hereafter AME025) is summarised below.

The
::::
ocean

::::::
model

:::::
used

::
in

:::
this

:::::
study

:::
is

::::::
version

:::
3.6

:::
of

:::
the

:::::::
Nucleus

:::
for

:::::::::
European

:::::::::
Modelling

::
of

::::::
Ocean

:::::
model

:::::::::::
(NEMO3.6,

:::::::::::::::::
(Gurvan et al., 2017)

:
).

:::
The

:
con�guration includes the physical ocean engine OPA (Gurvan et al., 2017), a sea-ice model LIM3

(Rousset et al., 2015) and an open ice-shelf cavity (Mathiot et al., 2017). The model domain extends30� in longitude (60-90� E)

and10� in latitude (65-75� S) with nominal0:25� horizontal resolution with grid spacing increasing from� 7 km to � 12 km70

with increasing distance from the South Pole. A 75-levelz� vertical coordinate with a partial cell scheme is used in this work.

It is a non-linear free surface application allowing for variations of volume according to the vertical resolution, and can adjust

at top and bottom cells to represent bathymetry more realistically. The thicknesses of grid cells range from 1 m at the surface to

200 m at about 6000 m. Following Global Ocean version 7 (GO7) provided by Storkey et al. (2018), and bathymetry is derived

from ETOPO1 data set (Amante and Eakins, 2009) with GEBCO giving modi�cations in coastal regions (IOC et al., 2003).75

Bathymetry under the ice shelf is derived from IBSCO (Arndt et al., 2013) and
:::
the ice shelf draft is taken from BEDMAP2

(Fretwell et al., 2013).

The schemes and parameter values used in parameterisations are primarily based on GO7 (Storkey et al., 2018), but the

values of lateral diffusivity and viscosity have been changedfor our speci�c study,andsome
:::::::
according

:::
to

:::
the

:::::::
smallest

::::
grid

::::::
spacing

::::
(� 7

::::
km)

:::
and

::::
time

::::
step

::::::
(720s).

:::::
Some

:
physical schemes, such as the slip condition for the lateral boundary, from other80

:::::::
regional modelling studies (Mathiot et al., 2017; Jourdain et al., 2017; Bull et al., 2021) are taken into account as well. A

55-term polynomial approximation of the Thermodynamic Equation of Seawater (TEOS-10, IOC et al. 2010) is used in our

con�guration (Roquet et al., 2015). A vector-form formulation of the momentum advection is applied. The vorticity term is

computed using conserving potential entropy and horizontal kinetic energy (Arakawa and Lamb, 1981). Lateral diffusion of

tracers is evaluated using Laplacian isoneutral mixing with a coef�cient of 135 m2�s� 1. Lateral diffusion of momentum uses85

bi-Laplacian geopotential viscosity with a coef�cient of -1.08� 10� 10
:

10
:
m4�s� 1. The vertical eddy viscosity and diffusivity co-

ef�cients are calculated from a Turbulent Kinetic Energy (TKE) scheme, with a background vertical eddy viscosity and vertical

eddy diffusivity of 1.2� 10� 4 m2�s� 1 and of 2� 10� 6 m2�s� 1, respectively. The enhanced vertical diffusion parameterization is

implemented for tracer convective processes with a coef�cient of 10 m2�s� 1. The non-linear bottom friction parameterization

is chosen, with a non-dimensional bottom drag coef�cient of 2.5� 10� 3. The no-slip condition is implemented at the lateral90

momentum boundary.

Ice shelf thermodynamics are parameterised by the three-equation formulation with velocity dependent heat and salt ex-

change coef�cients (Jenkins et al., 2010). The top boundary is set at 30 m below the ice shelf draft (or the �rst wet cell if the

grid thickness is thicker than 30 m), and the top drag coef�cient is set as 2.5� 10� 3. The heat and salt exchange coef�cients

are 1.4� 10� 2 and 4� 10� 4, respectively. This implementation does not include external tidal forcing. The velocity of the tidal95

current at the top boundary is prescribed as 5 cm�s� 1.
::
A

:::::
series

::
of

:::::::::
sensitivity

::::::::::
experiments

:::::
have

::::
been

:::::::::
conducted

::
to

:::::::::
determine

::
the

:::::
value

::
of

:::
the

:::::::::
prescribed

::::
tidal

:::::::
velocity

::::::::::::
(Supplement).

:
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The atmospheric surface boundary conditions and the oceanic lateral boundary conditions are derived from the UKESM1
:::::
.0-LL

outputs (Sellar et al., 2020).
:::::
There

::
is

::
no

:::::::::
freshwater

::
or

:::
salt

:::::::
restoring

::
in

:::
the

:::::::
regional

:::::::
domain.

::::::::
However,

:::
the

::::
GO7

::::::::::::::::
con�guration—the

:::::
ocean

::::
core

::
of

::::::::::::::::::
UKESM1.0-LL—has

::::::::
restoring

::
in

::::
the

:::::
global

:::::::
domain

::::::::::::::::::
(Storkey et al., 2018).

:::
No

::::::::
external

:::::::::
freshwater

:::::
�uxes

:::
of100

::::::
surface

:::::
runoff

::::
and

::::::
iceberg

::::::
calving

:::
are

::::
used

::
in

:::
the

::::::::
AME025

::::::::::::
con�guration.

:::::
These

:::::::::
freshwater

:::::
�uxes

:::::::::
implicitly

::::
enter

:::
our

:::::::
domain

::::::
through

:::
the

::::::
lateral

:::::
ocean

::::::::
boundary

:::::::::
conditions,

::
as

::::
they

:::
are

:::::::::
prescribed

::
in

:::
the

:::::::::::::
UKESM1.0-LL

:::::::
outputs

:::::::::::::::
(Sellar et al., 2020)

:
.

2.2 UKESM1
:::::
.0-LL forcing

We use climate projections made by the UK Earth System Model (UKESM1
::::
.0-LL) as part of the CMIP6 exercise (Sellar et al.,

2020). UKESM1
::::
.0-LL

:
is based on the HadGEM3-GC3.1 physical climate model, with additional atmospheric chemistry, and105

marine and terrestrial biogeochemistry components (Sellar et al., 2020). The ocean model for UKESM1
::::
.0-LL

:
is NEMO3.6,

and it is based on Global Ocean version 6 (GO6) con�guration (Storkey et al., 2018), with 1� horizontal resolution and 75

vertical levels.

Model outputs from the �rst ensemble member (r1i1p1f2) of UKESM1
::::
.0-LL

:
have been assessed by previous studies (Bead-

ling et al., 2020; Heuzé, 2021; Purich and England, 2021; Roach et al., 2020; Bracegirdle et al., 2020; Meehl et al., 2020; Forster110

et al., 2020). To brie�y summarise the evaluations of the modelled Southern Ocean in historical simulations, UKESM1
:::::
.0-LL

has relatively small biases in upper (0-100 m) ocean temperature (Beadling et al., 2020, Figure 6, Figure S3) and salinity

(Beadling et al., 2020, Figure 6, Figure S4), and bottom temperature (Heuzé, 2021, Figure A3) and salinity (Heuzé, 2021,

Figure A2) compared to other CMIP6 models. For the interior ocean, UKESM1
:::::
.0-LL captures temperature and density struc-

ture across the continental shelf (Purich and England, 2021, Figure S2). It exhibits small cold (<-1� C) and fresh (<-0.15 psu)115

biases close to the shelf break along the 90� E longitudinal transect (Beadling et al., 2020, Figure S5) which is the easterly

ocean boundary of the AME025 con�guration. In addition, UKESM1
::::
.0-LL

:
shows accuracy in representing the position and

strength of westerly jet over the Southern Ocean (Bracegirdle et al., 2020, Table 4). However, it is notable that UKESM1
:::::
.0-LL

has a higher climate sensitivity compared with other CMIP6 models (Forster et al., 2020, Figure 1; Meehl et al., 2020, Table

2), which might result in an unrealistically high surface warming (Forster et al., 2020). Additionally, UKESM1overestimates120

:::::
.0-LL

:::::::::::
overestimates

:::
the

::::::
overall

:
Antarctic sea ice loss insummer

:::::::
February

:
(Beadling et al., 2020; Roach et al., 2020), which

might cause a larger fresh bias at the ocean surface.
:::::::
However,

::
it

:::::::::::::
underestimates

:::
the

::::::::
February

:::
sea

:::
ice

:::::::::::
concentration

::
in

::::::
Prydz

:::
Bay

:::::::::::::::::::::::::
(Roach et al., 2020, Figure S3

:
),

::::::
which

::::
may

:::::
result

::
in

:::
sea

:::
ice

::::::
biases

::
in

:::
our

:::::::::::
simulations. Moreover, UKESM1

:::::
.0-LL

:
has a

relatively coarse 1� grid which cannot present some oceanographical features close to the Antarctic margin. Mathiot et al.

(2011) suggest a minimum 0.5� nominal resolution to capture the ASC and local gyres on the continental shelf.125

Noexternalfreshwater�uxes of surfacerunoff andicesheetmeltingareusedin theAME025con�guration.Thesefreshwater

�uxes implicitly enterour domainthroughthelateraloceanboundaryconditions.Theversionof UKESM1 usedin this study

doesnothaveaninteractiveicesheetcomponent.Theicesheet�uxes in UKESM1aremodelledin threeparts(Sellar et al., 2020)

: (1) Surfacerunoff is simulatedby the land surfacemodelcomponentof UKESM1; (2) As UKESM1 usesclosedice shelf

cavities,the meltwater�ux from ice shelvesis prescribedandspatiallydistributedbetweenthe depthsof the calving front130

andtheaveragedgroundingline (Mathiot et al., 2017); and(3) UKESM1 incorporatedthe iceberg�ux througha Lagrangian

5



icebergmodelimplementedin NEMO (Marsh et al., 2015). Thefreshwater�ux of meltwater(45%) andicebergcalving(55%)

is calibratedby themodelledpre-industrialsurfacemassbalanceof theSouthernHemisphere(Sellar et al., 2020).

2.3 Experimental design

Three experiments will be presented in this study: a historical simulation during 1976-2014 (Historical); a projection under135

SSP5-8.5 high emission scenario during 2015-2100; and a projection under SSP1-2.6 which is an optimistic emission scenario

during 2015-2100.

Initial conditions consist of ocean temperature and salinity in January 1976 derived from GO7 (Storkey et al., 2018), which

include an open cavity beneath AmIS. Atmospheric and oceanic forcing of our simulations are provided by the r1i1p1f2 en-

semble member of UKESM1
::::
.0-LL

:
over the period of 1976-2100. The surface atmospheric forcing comprises daily variables,140

including near-surface air temperature at 2 m, speci�c humidity at 2 m, horizontal wind components at 10 m; surface down-

welling longwave and shortwave radiation; and precipitation (rainfall and snowfall). It is applied through CORE bulk formulae

(Large and Yeager, 2004). Note that surface runoff is not applied in the simulations. The lateral ocean boundary conditions con-

sist of monthly ocean and sea ice variables, including sea surface temperature, sea surface height; ocean temperature, salinity,

barotropic and baroclinic velocity; sea ice fraction, sea ice thickness and snow thickness.145

The model outputs are saved as monthly mean. Therefore, the processes shorter than one month are not considered in this

study.

The initialisation process is carried out by repeatedly simulating the �rst year (which is 1976) until
:::
the model drift becomes

small.
:::
No

::::::
smooth

::::::::
transition

:::::
from

::::::::
December

:::
of

:
a

::::::
spin-up

::::
year

:::
to

::::::
January

::
of

:::
the

::::
next

:::::::
spin-up

::::
year

::
is

:::::::
applied.

:::::
There

::
is

:::::::
physical

::::::::::
discontinuity

:::
of

:::
the

::::::
forcing

:::::::
between

::::
two

::::::
spin-up

::::::
years.

::::
Then

::
a

:::::::::
subsequent

::::
run

:
is

::::::::
restarted

::::
from

:::
the

::::
last

::::::
spin-up

::::
run

::::
with

:::
the150

:::::::::
continuous

::::::
forcing

::::
from

:::::
1976

::
to

:::::
2100.

::::
The

::::::
outputs

::
of

:::
the

:::::::::
subsequent

::::
run

:::
are

::::
used

::
in

:::
the

:::::::
analysis.

:

The time series of area-averaged melt rates of AmIS in the spin-up run shows that it achieves equilibrium after about 10

years (Figure 2a). The melt rate dramatically declines from� 16 m�yr� 1 in the �rst spin-up year to� 1 m�yr� 1 in year 9 and

becomes stable afterwards. The averaged temperature and salinity in the entire domain exhibit similar behaviours (Figure 2b).

Comparisons between the modelled melt rate in the Historical experiment (1976-2014) and the observational melt rate found155

in other studies (Wen et al., 2010; Yu et al., 2010; Depoorter et al., 2013; Rignot et al., 2013; Herraiz-Borreguero et al., 2016;

Adusumilli et al., 2020; Rosevear et al., 2022a) are shown in Figure 2c. The time-mean melt rate during 1976-2014 in our

study is 0.75 m�yr� 1. This agrees with other estimates ranging from 0.5� 0.12 to 1� 0.4 (Figure 2c).

Timeseriesof (a)area-averagedbasalmeltingof AmIS (m � yr � 1), (b) temperature(� C, blueline andy-axison theleft) and

salinity (g�kg� 1, redline andy-axison theright) in 30-yearspin-uprun. (c) Comparisonsof AmIS melt rateamongdifferent160

studies.Thegreydotsrepresenttheestimateof theAmIS melt rateanduncertaintiesfrom observationalstudies.Thereddot

showstheaverageof modelledAmIS melt ratefrom Historicalsimulation(1976-2014)in ourstudy.
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Figure 2.
::::
Time

::::
series

::
of

:::
(a)

::::::::::
area-averaged

::::
basal

::::::
melting

::
of

:::::
AmIS

::::::::
(m � yr � 1),

:::
(b)

:::::::::
temperature

:::
(� C,

:::
red

:::
line

:::
and

:::::
y-axis

::
on

:::
the

:::
left)

:::
and

::::::
salinity

::::::
(g�kg� 1 ,

::::
blue

:::
line

:::
and

:::::
y-axis

:::
on

::
the

:::::
right)

::
in

::::::
30-year

::::::
spin-up

:::
run.

:::
(c)

::::::::::
Comparisons

::
of

:::::
AmIS

::::
melt

:::
rate

:::::
among

:::::::
different

::::::
studies.

:::
The

:::::
black

:::
dots

:::::::
represent

:::
the

::::::
estimate

::
of

:::
the

:::::
AmIS

::::
melt

:::
rate

:::
and

::::::::::
uncertainties

::::
from

::::::::::
observational

::::::
studies.

:::
The

:::
red

:::
dot

:::::
shows

::
the

::::::
average

:::
of

:::::::
modelled

::::
AmIS

::::
melt

:::
rate

::::
from

::::::::
Historical

::::::::
simulation

:::::::::
(1976-2014)

::
in

:::
our

::::
study.

3 Results

3.1 The projected changes in the PB-AIS system by 2100

3.1.1 The increased basal melting165

Figure 3 shows the time evolution of the area-averaged AmIS basal melting from 1976 to 2100. The melt rates �uctuate around

0.7m � yr � 1 until 2056, then abruptly jump to� 13 m � yr � 1 under SSP5-8.5 and� 9 m � yr � 1 under SSP1-2.6 in about 2066

(Figure 3a). The melt rate has a moderate increasing trend after 2066 and eventually reaches its peak at 16.8m � yr � 1 in 2100

under SSP5-8.5, while it stays stable around 8m � yr � 1 after 2066 except for a decrease to 4m � yr � 1 in 2094 under SSP1-2.6

(Figure 3a).170
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Figure 3.
::
(a)

:::::
Time

::::
series

::
of

:::
the

::::::::::
area-averaged

::::
melt

:::
rate

::::::::
(m � yr � 1)

::::
from

::::
1976

::
to

:::::
2100.

:
A

::::::::::::::::::::
12-month-running-average

::
is

::::::
applied.

:::
The

::::::
dashed

:::::
vertical

::::
line

::::::
indicates

:::
the

::::
start

::
of

::::
2015.

:::
The

:::::::::::
time-averaged

::::
basal

::::::
melting

::::
over

::
the

:::::
period

::
of

:::
(b)

::::::::
1976-2014

:::::::::
(Historical),

:::
(c)

::::::::
2076-2100

:::::
under

:::::::
SSP5-8.5,

:::
(d)

::::::::
2076-2100

:::::
under

::::::::
SSP1-2.6.

:::
The

:::::::::
warm/cold

:::::
colours

::::::::
represent

::::::::::::::
melting/refreezing,

::::::::::
respectively.

::::
Note

:::
the

::::::
different

::::::::
colormap

:::::
ranges.

:::
The

::::::::
colormap

::
for

:::
(c)

:
is

::::::::
saturated.
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Figure 3b-d shows the spatial distributions of the AmIS basal melting during the historical, and before and after the increase.

In general, after the increase in the 2060s the melting beneath AmIS strongly increases by multiple times and there is almost no

refreezing. The time-averaged melt rates over 1976-2014 illustrate that a high melting of� 6 m�yr � 1 occurs near the grounding

line and most of the ice shelf experiences melting smaller than 2m � yr � 1 (Figure 3b). The freezing mainly occurs under the

northwestern ice shelf with the highest value of� 1.6m � yr � 1 near 69.5� E, -70.5� N (Figure 3b). Smaller freezing rates (<0.2175

m � yr � 1) occur along the ice shelf edges (Figure 3b). This pattern �ts the understanding of the buoyancy-driven meridional

overturning circulation, in which warm and dense in�ows downwell in the eastern ice shelf cavity while cold and fresh out�ows

upwell in the western cavity. The time-averaged melt rates during 2075-2100 under SSP5-8.5 show that the melting occupies

the entire ice shelf with the highest melt rates of 42m � yr � 1 near the grounding line (Figure 3c). Most of the areas experience

melting between 15 and 35m � yr � 1 excluding the northeastern ice shelf which exhibits the relatively lower melting of� 5180

m � yr � 1 (Figure 3c).

The time-averaged melt rates over 2015-2055 under SSP1-2.6 (Figure 3d) have similar behaviour to those under SSP5-8.5

(Figure 3c). The spatial distributions of melt rates over 2075-2100 for SSP1-2.6 are similar to those for SSP5-8.5, but with a

smaller melt rate of� 30 m � yr � 1 near the grounding line and 10-25m � yr � 1 over the central and the northwestern ice shelf

(Figure 3d).185

:::
The

::::
melt

::::
rates

::
in

:::
our

::::::::::
simulations

::::
show

::::::
higher

::::::::
sensitivity

:::::::::
compared

::::
with

::::
other

:::::::
studies,

::
for

::::::::
example,

:::::::::::::::::::::::::::::::::::::
Naughten et al. (2018); Kusahara et al. (2023)

:
.

:::
This

::
is

::::::::
inherited

::::
from

:::
the

:::::
global

:::::::::::::
UKESM1.0-LL

::::::
model.

:::
The

::::::
model

::::::
forcing

::
in

:::::::::::::::::::
Naughten et al. (2018)

:::
and

::::::::::::::::::
Kusahara et al. (2023)

:
is

:::::
taken

::::
from

:::
the

:::::::::::
ACCESS-1.0

:::
and

:::::::::::::
MIROC-ESM,

::::::::::
respectively.

::::::::::::::::
Meehl et al. (2020)

:::
and

:::::::::::::::::
Forster et al. (2020)

::::
have

::::::::
quanti�ed

:::
the

::::::
climate

:::::::::
sensitivity

::
of

::::
these

::::::
models

::::
and

::::::
suggest

:::::::::::::
UKESM1.0-LL

:::
has

::::::
higher

::::::
climate

:::::::::
sensitivity

::::
than

:::
the

::::
other

::::
two

::::::
models,

::::::
which

:::::
might

:::::
result

::
in

:
a

:::::::
warmer

:::::
ocean

::::::::::
temperature

::::::::::::::::
(Sellar et al., 2020).

::::
This

::::::::
suggests

:::
our

:::::::
regional

::::::
model,

:::::
forced

:::
by

:::
the

::::::
outputs

:::::
from190

::
the

::::::::::::::
climate-sensitive

::::::::::::::
UKESM1.0-LL,

:::
has

::
a

:::::::
stronger

:::::::
response

::
to

:::::::
climate

::::::::
warming.

3.1.2
::::::::
Warming

:::
on

:::
the

::::::::::
continental

::::
shelf

:::
For

:::
the

:::::::
analyses

::::::
below,

:::
the

::::::::::
continental

::::
shelf

::::
and

:::
the

::::
shelf

:::
sea

:::
are

:::::::
de�ned

:::
by

:::
the

::::
areas

::::::::
between

::::
ASC

::::
and

:::
the

:::::
AmIS

:::::::
calving

::::::::::
front/coastal

:::
line

:::::::
(Figure

:::
1).

:::
The

::::::
cavity

:
is

:::::::
de�ned

::
as

:::
the

:::::
ocean

:::::::
beneath

:::
the

:::::
AmIS

:::::
draft.
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